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APPE!'.'IJIX 17 

ANALYSIS OF TURBULENCE DATA 

After the 1nit1al reduction of the turbulence data as 

detailed in Append1x 11, the data was re-analysed to calculate: 

(i) The Reynolds normal stress coefficient 

(11) The d1ssipat1on coeff1cient (~<0-d1mens1onal 

defin1t1on) 

(ili) The mixing length and eddy viscos1ty 

Al7-l Calculation Procedure 

Firstly, at incremental distances (dR) of 0,010 1ns, 

the values of cu;u) 

d(U/U ) 

were fed to a computer 1dth the object of 

determ1ning dR • This could have been obtained by using 

the raw data to calculate ( (~)R.dR 
dR 

), but th1s 

approach was abandoned because 1t calculated a small difference 

between two relat1vely large quant1ties, Instead a subroutine 

was used to curve-fit the mean velocity profile data, us1ng the 

method of least squares. The value of 
d (uju ) 

dR was then 

calculated from an eighth order polynomial velocity prof1le 

equation, except in the region of the point of maximum velocity. 

In this region 
d (U/U ) 

dR was calculated by assuming a linear 

relationship between 
d (uju ) 

dR and dr from the po1nt at which 

= 0.3 to the posi t1on of maximum velocity d (U/U ) = 0, 
dR 

An eighth order polynomial was also used to curve-fit the 

values of d (u/u) I dR, u.' 2
/U

2
, v•'/ U 2

, &. 2 u'v' I U2 agalnst 

the distance from the wall, The value of the shear stress at 

the wall was estunated from the equation due to Lud,.,ieg and 

. (l.t2) 
T1llmann • 
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Al7-2 BASIC EQUATIO~S 

(i) Mixing length 

Prandtl def1ned the mix1ng length (e) as 

-I " -u'v' U 

ld(u/u)' d(u/U) 
dR dR 

the mix=!-ng length has been non-dimensional.1sed in the 

following ways. 

e 
S* 

= 
-I 2 - u'v' U 

ld(u/u) I 
d (R/8*) 

d(u/u) 
d (R/o') 

I d(u/U) I 
d (Rj(R

0
-R,)) 

d(u/u) 
d (Rf(R0-R 1)) 

(ii) Eddy Viscosity 

J. Boussinesq 1ntroduced the concept of a turbulent 

exchange coefficient E. in order to relate the turbulent shear 

stress -(' u'v' and the mean veloc1ty gradient, in the form 

-pu'v' = f E. du 
dR 

e: =- -u'v' 

(~~) 
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the eddy v1scos1ty 1s non-d1mens1onal1sed as:­
' 

- U'V'/ uz 
d (ufu)jd(R/8*) 

= -I 2 - u'v' U 

(i~~) Dissipation Coeff~cient 

The two-d1mensional vers1on o:f the dissipat1on 

coefficient 1s defined as; 

flow 1s, 

Co 

where T = - pu'v' + 

d u dy 
dy 

The corresponding defin~t~on to rotationally symmetrical 

u d (RT) dR 
dR 

In view of the large radius ratio and the inaccuracies 

associated with the turbulence measurements and the calculation 

of the gradient of the mean velocity profile, the two-dimensional 

version of the dissipat1on coefficJ.ent has been used WJ.thout 

incurring any significant error. A similar assumpt1on has been 

(29) . 
made by Goldberg ~n study~ng the boundary layer growth along 

a tube of the same d~ameter on which boundary layers of 

comparable thickness were developed. For calculation purposes 

the boru1dary layer th~ckness was d~v~ded into 60 elemental strips 

and the local values of ~ , and 
d (u/U) 

d R , calculated using the 

polynomial curve-fit equat1ons., 

The computer programme ~s detailed in Appendix 18, 

and a sample print-out is included. 

The following notation is used in the results 
"print-out" 

DIST. ou/uMAX SHEAR ED. VIS. ED.VIS. MIX L MIX L REYNOLDS 

Ro- RI OR s;RESS U OEL 'll:: U(RO-RI) DEL ::.t:: (Ro-Rl) NORMAL S;RESS 

R- RI d ( u/U) 2 u'v' E E. e ( UCOMPN; ~ f/G•'/udR 
-- us• ~ .. ---
R0 - R 1 dR u> U(R0 -R,) (R

0
- R 1) VCOMPNT- fR'/u dR ' ~ -- ' 

l 
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·r-·· ---

r-::-.:····-- ----- ·----. . . ----l 
i HE AD IN TURBULENCE AtJ D 

I VELOCITY PROFILE DATA j 

Cu rv~ Fit Vcloc•ty Profile Data 

ufU v. D•stonce from Wall 

t 
Calculate slope of Yeloc1ty Profile d( u/U) jdR 

Curve Fit d(u/U)jdR V D1s t from wall 

t 
Calculate .ru:-• 1 u 

Curve F1t R>/u V DIS!. from wall 

t 
Calculate Jv.•t u 

Curve F1t ffi'zj U V D1st from wall 

t 
Calculate Wall Sn(ar Stress Eqn 5. 5. 6 

Calculate "f TOT : ( u"v' +f' du/dR) 
p 

Curve Fit 'T TO"T V D1st from wall 

J 
Calculot" u'v"/ U 2 fromw~ Curve Fit iJ7 fu2 V D•st 

t --
Spl•t up layer •nto !Ziementol strt ps 

Calculate Ju·zfu2, Jvzfu2, Co 

t 
At Or•g•nal Data Po1nts Calculate 

u>;·ju2 & d( ufU)/d• 

l 
IS i 

d ( uju)j dR '0 30? I 
I 

TYEs NO 

Colculatcz d(u/U )/dR ossum1ng 

l1neor rtlat1onshrp wrth d•st to U 

I 
Coiculot• e/o' , E/U o*, etc 

FIG. A17-l FLOW DIAGRAM OF COMPUTER PROGRAMME 

FOR ANALYSIS OF TURBULENCE DATA 



Appcnd1x 18 

Computer Programme 

Analysis of Turbulence Data 
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f. Ai'f'I~OIX 1H 

( 11 M M I N 1 I It~ 1!11[ F N t f it ft I A A N A I V '> I <, I' R r J(, ~ A M 
C• .. HTHJ', rHflh~AM f0'1l'INIS INPIII llAIA FROM MI:AN VfLOCITY PROFILE~ AND 
C IIIRP.UL~Nff M~A~IIk~M~NTS TO CALtlilATF MIXING LfNGTH, EDDY VISCOSITY 
C AN() Ul~~IPATION lOEFflflfNT 

R FA I L 
RfAL MIXNOD,MIXNDA 
DIMENSION Fl10,10l,OC9),p(Q),0(9) 

C•••••ARRAY FOR STORIN& INPUT DATA 
DIMENSION EA(60loEBI60l,VASQI60l,ECI60l,VCSQ(60l 
DIMFNSION UNO! (9ol ,UND0(96) 
DIMtNSION ~0(60loEEC60),VDI60l 

OIME~~ION Xl100loYC100loAC10,10J,BC10,10),C(10,10l 
DIMENSION Gl10,10l,RI10o10),$(9) 
DIMENSION Dl10,10l,E110o10loHI9l 
DIMENSION RTI100loUNONI100l,WI9),TC9),U(9) 
OIMFNSION VI10,101,ZI9) 

C•••••INPUT DATA 

C l-OIFFUS~R NON DIMENSIONAL LENGTH,ENU-KINfMATIC VISCOSITY-FTSQ/S~C 
RfAD(1. 40>ENU 

40 FORriATifO.OI 
105Y k~AO< 1, 3031 D I FNOL, DESGN1, DESGN2 

303 FOR.~ATI~FO.O) 

C•****TltRBULENCE DATA 
C RINN~R-I.NER WALL RADIUSIINS),ANNHT-ANNULUS HEIGHTIINSI 
C hUM-APPROX. DI~T. FROM OUTER WALL TO UMAX,XACT-DIST. FROM INLET 
C (IN~) 

C XND-NON I>IMENSIONAL DIST. FROM INLEToVOC-WIND OFF VOLTS PROBE I~ 
59 P~An(1,oOlRINNERoANNHToROM,XACT,XNO,VOC,VOAoVOOoM 
60 FllRMATIHFO.O,I2l 

C ~T-RAOIAL DIST. FROM WALLCINS),fC-RMS VOLTAGE PROBE IN*U*PLANF 
C VC~Q-RRIDGE VOLT5 SQUARED•U•PLANEoUNON-NON.DIM. VELOCITY<U/UMAXI 

63 REAn11,64) IRTlllol=1oMl 
64 FOR~ATI6UF0.01 

"EA rH 1 , 70) { E C {I) o1 = 1 , M) 
70 FOR~ATioOFO.O) 

RtAD(1,/0) IVC~Q(J),I=1oM) 

61 RtAn<1,62l IUNONIII.J=1,M) 
62 FONMATI60FO.OI 
1o REAnl1,17) (fAII),I=1oMl 
17 FURMAT{60FO.Ol 
18 RtAIII1,1'1) IEB(Ilol=1'oMI 
19 FONMATI60FU.01 
20 RFA1>11,t1) IVA~Q(Il,l=1oMl 

21 FllR•lAT (60FO. Ol 
REAill1.t1l IEDIIlo1=1oMl 
RFAOI1,211 (~Ellloi=1,M) 

RE-A0(1,21l (VD( I) ol=1 oMl 
C•••••MtA~ VtLOtlTV PROFILE DATA 
C IJNDn-NON-OIMf~SIONAL MEAN AXIAL VELOCITY COIJTER WALL LAYEkl 
C kOUTER-UUT~R WALL RADIUSI!N~),DISP-O!ST FROM WALLilNSl Of F!RSl 
C VALrtE Of NON-DIMENSIONAL VELUCITYoDRVELP-RAOIAL SPACING OF 1-ltAN 
C VELOCITY PNOFILE DATA POINT~oRINNER-INNER WALL RADIUSII~Sl 

C UMAX-MAX!MUM VELOC!TY<FT/SECI 
C lJNOI-NON-DlMENSIONAL MEAN AXIAL VELOCITY <lNNFR WALL LAYER• 
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A~AOI1,1~1l (IJN00{!J,I•1,Q6) 
121 ItlRMATI1~fb.3l 

WFADI1,12~lROUT~A.DISP,DRVELP,NINNEN 
12~ FORVAT{4F7.3) 

AEA0{1,41 )UMAXoXACTP 
C•••••80UNDARY LAYER PP.Of!LF DATA {INNER OR OUTER WALL A~ APPROPRIAT~ 

C•••••NTAWU-APPPOX. RAD.DIST. FROM WALL TO POSITION Of ZERO SHEA~ STRESS 
C RN-NO. Of RADIAL POSITIONS AT WHICH THE NON-DIMENSIONAL SLOPE Of 
C THE VELOCITY PROFILE IS CALCULATED 
C MINT-BOUNDARY THICKNESSIINS) OVER WHICH REYNOLDS STRESSFS ARE 
C CALCULATED 
C TINT-NO. OF EL~~~NTAL STRIPS INTO WHICH THE BOUNDARY LAYER IS 
C SUBOIVIDEP FOR INTEGRATION 
C RNN-NO. OF RADIAL POSITIONS AT WHICH MIXING LENGTH,EDOY VISCOSITY, 
C ETC. IS CALCULAJ~O 

C ~~-INTEGEP VALUE OF RN 
C J- l~TE~E~ VALUt OF TINT 
C MN-JNT~LER VALUE OF RNN 

AFAD{1,1241RTAWU,RN,RINT,TINT,RNN,MM,J,MN 
124 fORMAT(~fO.U,~l2) 

C DFL~T-DJSPLACEMENT THICKNESS {INS) 
C TH~TA-MUMFNTUM THICKNESS (INS) 
C HH-~HAP~ PANAMET~R 

122 NEAD(1,123)DELST,THETA,HB 
123 FORMAT(3F0.0) 

C lURVE FITTING OF MEAN VELOCITY PROFILE 

C RR-~IST. FROM WALL OF POSITION OF MAXIMUM VELOCITY 
C N-NO. OF CASES TO BE CONSIDERED IN CURVE FITTIN6 PROGRA~ 

PR=~ISP 

N=O. 
DO 33 I=1 ,'16 
rv•N+1. 
UNDIFF•IJNDOIII-1. 
IF (UNDIFFI Z3,Z4,24 

23 (UNTINU~ 

C X AND Y ARE DATA VALUES FOR CURVE FITTING 
YIII=UNOOC!) 
X<II=RR 

~3 RR=RR+DriVFLP 
~4 CONTINUE 

N•N-1. 
C•••••LIBRARY PROGRAM NO.Z£01 POLYNOMIAL CURVE FITTING BY METHOD OF 
C LFA~T SQUARES 
C W(11 TO WC91 COEFFICIENTS OF POLYNOMIAL VELOCITY PROFILE EQN. 

~'RITH2,!i501 
850 FORMAT(1UX,SHCURVE,1X,7HFITTING,1X,2HOF,1X,4HMEAN,1X,8HVELOCIT' ,, 

fALL CURVEFIT(N,X,Y,A,SA,WI 

C LURVE FIT OF SLIIPE OF VELOCITY PROFILE 

f, R = R RI RN 
V•OR/2. 
~=0. 

DO >4 !=1 ,MM 
N•N+1. 
llLURV1•W(1)+W(21•V+W(3)•(V**21+W(41•<V••31+W(5)•(V*•41+W(61•(V**~) 

1+WI7)*(V**D)+WIK)*(V**7)+WI9)•(V••81 
V=V+DR 
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uCURV?=WC1)+W(2l•V+w!3l•<V••2l+WC4l•!V••3l+W!5)•(V••4l+W(6)•(V**51 
1+W(I)•(V**6)+W(8)•(V**7)+W(9)o(V**H) 

C CUDR~O-SLI'P~ OF VELOCITY PROFILE 
DUD~ND=!ULU~V2-UtURV1)/D~ 
V=V-lDH/2.) 
Ylll=DliDR~D 

Xlii=v 
34 V=V+lOR/1.) 

WRITH2.1<511 
~51 •o~~ATl10X,~HCURVE,1X,3HFITo1Xo2HOF,1X,)HSLOPf,1X,2HOF,1X,HHVfL0CI 

1TYo1Xo7HPROFILE/) 
fALl CUHVEFIT(N,X,Y,C,SC,Ul 

C CURVE FIT OF AXIAl TURBULENCE INTENSITIES 

~=0 

DO "/':> 1=1oM 
r.=N+1 
VC=VCSQ(!)ooO.S 
StNSC=<VLSQ(J)-(VOC•VOCl)/(4.•VC*UNON!Il) 
UTURSO=!EC(Il*EC(I))/(SENSC*SENSC) 
Y (I) =UTURSQ 
X(ll=RT<Il 

75 WRITEU,761RT(JJ,UTIIRSQ 
76 'ORMAT!2X,~6.3,2X,F8.5) 

WRITEU.H521 
852 FORMAT!10X,5HCURVE,1X,3HFIT,1X,2HOF,1X,5HAXIAL,1Xo10HTURBULENCE,1X 

1 ,11HINH~SITIES/l 
CAll CURVEFIT(N,XoVoDoSDoOI 

C CURVE Fll OF RADIAL TURBULENCE INTENSITIES 

~=0 
D0771=1,M 
N = N +1 
VC=VCSQ!Il••O.S 
SfNSC=(VLSQ(Il-!VOC•VOCI)/(4.*VC*UNON(I)) 
UTURSQ=!~C!ll•EC!I))/(SENSC•SENSC) 

VA=VASQ!Jl••O.S 
SENSA=(VASQ(I)-(VOA•VOA))/(4.*VA*UNON(I)) 
VTURSQ=(((~A(J)oEA!I))+(EB(I)*EB!I)))/(2.•SENSA•SENSAII-U1URS:I 

IF !VTURSQ) 800,800,801 
800 VTURSQ=O. 
801 l ONTINUE 

Y( Jl=VTUR~ll 
X!ll=RT!Il 

77 WRITE(2,H031RT!IloVTUNSQ 
803 Fll~MATC2X •• 6.3o2XoF8.5) 

WRIH:(2,1<531 
853 FORMAT(11JX,5HCURVE,1Xo3HFIT,1X,2HOF,1X,6HRADIALo1X,10HTUMAULENfE,1 

1 X , 1 1 t1 I N TE N S I T I E S I I 
CAll CURVFFIT(N,X,y,E,SE,H) 

C fiiRIJt FIT OF TUR8UltNT SHEAR STRFSS 

N=O 
l'U 37 I =1 oM 
~=N+1 

VA=VA~Qlil••O.S 
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~tNSA=IVA~Q(J)-IVOA•VOAII/14,*VA*IJNONIJ)) 

liVR"Y=IIf~(J)•I:AIIII-<~B(II•ERIJ)))/(4,*SFN;A•SE:NSAI 

IF lliVRtY) <J401Y41 1'141 
940 C!INriNUt 

UV~f-Y=ABS<UVREY) 

V (I J =IIVrnY 
X(JJ=RTIIJ 
WR!TE<2~94~)RTIIJ~UVREY 

942 FORMAT<2X,F6.3,2X~F7.4J 
<• 0 T 0 9 4 :S 

941 CONTINUE 
~=N-1 

943 CALL CURVFFIT<N~X,y,V,SV,ZJ 

C CliRVE FIT OF SHE:AR STRESS1WALL VALUE FROM LUDW!EG AND TILLMAN E:QN 

N=O 
w•• = ''. 
r.n 14 I=1.M 
~=N+1 

VA=VA~Q(JJ••O.) 
SFN~A=(VASQ(J)-IVOA•VOA))/14.•VA•UNONII)) 

UVRFY=<IE:ACII•EAI!))-(EBII)*EBI!)))/(4,•SFNSA•SENSAI 
IF <UVRFYJ 910,9U9~Y09 

910 lONTINUE 
U V R f- Y = 2 *ll V RE Y 
liVRFY=ArlSIUVREYI 
IF IWW) YOO,YU0~901 

C•••••fALCULAT!ON OF WALL SHEAR STRESS FRUM LUDW!I:G AND TILLMAN E~N 

900 RENOLN=IlWAX*THETAJ I IENU•12.) 
liVREL=0.24b/((1~.••10.678•HB))o(RENOLN**D.268J) 

Yl!l=UVREL 
XIII=O, 
WW= 1 • 
N=N+1 
WR I 11: ( 2 I 15) X (I) I y (I) 

15 f0R~Al(2X,Fo.3~2X~F7.4J 
C • • * ** I F ~ T I S TA K f N T 0 B t G RE A lE R T rl AN R R THE~ S L 0 PE IJ I S SET AT Z ER(! 

Y01 IF IRT(I)-RRJ 90~~903~903 

902 lONTINU~ 

C SLOP~U-SLOPE Ot VELOCITY PROFILF CALLULATED FROM CURVE FIT E:GN. 
C UI1J TO U(9J COEFF!CIFNTS OF POLYNOMIAL E:DN. FOH SLOPE OF VELOLI~Y 

C PROFILE 
SLOPEU=UI1J+Uii!l*RT<I)+U(~l*(RT(Il**2)+U(4)*(RTIIJ••3J+t1(5J•(PTI~> 

1••4J+U(6)*(RTIIJ••Sl+U(7J•<RTII)**6)+U(8)*(RT(I)**7l+UIY)•(qT(i 
2111 

C•••••IF SLOP~ 0F VELOCITY PROFILE IS LESS THAN 0.3 THE SLOPe IS 
C CALCULATED ASSUMING A LINFAR ReLATIONShiP BETWEEN SLOPEU '"-• , I 
C SLOP~U BEING ZeRO AT POSITION OF MAX. VELOCITY 

IF <0.3-SLOPEUJ 905,9061906 
905 CONTINUE 

C STOAI:S VALUE OF &LOPEU 
~LOD~~=SLOPEU 

C SLOP~ I& THE GRADIENT Of SLOPEU AGAINST PISl. ASSUMING Ll~fAR 

C RfLATIONS~IP TO POSITION 0F MAXIMUM VELOCITY 
&LODt=SlOPES/IRR-RT(I)J 
r,() TO 9U7 

903 SLOPcU=u. 
GO TO 907 
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C fALCUlAllflN OF SIOPFU ASSitMJNG LINEAR RElATIONSHIP 
906 <;LOPt-11=\ltlPE•(RR-RT( I)) 

C V I S fl I S- tdl ~ D I MENS I 0 N A l V I S C 0 US S H FAR 
907 VJSnJ<;=IfNU•SLOPt-IJ•I4.)/UMAX 

C SHSTOT-TOTAL NON DIMfN~IIlNAL SHEAR STRESS (SliM OF VISCOUS AND 
C lltHIIIII t~l SHfAk ~TRfS<;ESl 

'H\TUT=Vl\PI';+UVH~Y 

Y\1+1 >=;h~TOl 
XIJ+1l=kl<ll 

14 ~NITt-1?.~9lRT(Jl,UVNEV,VJ<;DJS,SHSTOT 
3~ ~ON•tAli~X.~6.1,~M.F1.4,2X,F11.6,2X,F8.5l 

GO TU 911 
909 fONTINUF 

N=N-1 
C•••••ftJNVt Fil OF TOTAL NON DIMENSIONAL SHEAR <;JRFSS 

~·RI TH2,1'~4l 
8~4 F0R'IATI10X,5HCURVE,1X,3HFJT,1Xo2HOF,1X,~HSHEAR,1X,7HSTRESSo4HWALLo 

11X,~HVALUEo1X.4HFROM,1Xo7HLUDWIEGo1Xo3HA~D.7HTILLMAN,1Xo3HEQN) 
911 LALL IUNVE~JT(N,X,Y,FoSF,P) 

\.1<JTE(2,1) 
FORMATI1H1l 

C•••••CALCULATJON OF DISSIPATION COFFFICJFNT AND RFVNOLDS NORMAL STRESS 

SIIMDIS=P. 
SU'1ti1B=O. 
<;IIMIITR=I•. 
SUMVJ<;=v. 
f. ~ I IJ T = N I N l I T I N l 
V=I>NiNllc'. 
il\1 1·0? J =1 'J 
IF IV-Nk) bi)O,b01,601 

600 SHSTUT=Pi1l+PI~)*V+PI3l•<V•*2l+PI4l•IV•*3l+PI5J•<V••4)+PI61•(V*•)) 
1+PI?l•IV••o)+P18l•IV••7l+PI9)•1V**8l 

IF I~HSTUTl 601.601.603 
603 SLOP~tl=UI1l+U(~l*V+UI3)•1V•*l)+U(4)•(V**3)+U(5)•(V**4l+U(6l•IV••~l 

1 + 11 I 7l * (V** 6) + U ( ~) * I V** 7) + U ( 9) * (V** 11) 

J > (11.3-~lOPtUJ 9~0,931,931 
930 ('tiNT I NUt 

S L 0 Pl- S = S l r, P E U 
SLOPt=SLDPES/(NR-Vl 
611 TO 932 

9~1 SLOPEU=SLOPE•INN-V) 
932 CONTINUt 

C Q(1) TO Q(9) COEFFICIENTS OF POLYNOMIAL fQN. FOR AXIAL TURdULEN(~ 

C I NHN'>l l IFS 
UlUN~=OI1)+Q(2)•V+Q(3)*(V**Zl+Q(4)•1V••3l+Q(5)*(V••4)+Q(6)*(v·•-l+ 

10(fl*(V**r)+Q(bl*(V**7l+0(9)*1V**Bl 
C ~11) TO Hl9) COHFICIFNTS OF POLYNOMIAL EON. FOR PADIAL Tl",8l • •I E 
C INTFN<;JTHS 

VTUR8=HI1)+~12l•V+H13l•IV•*2l+H(4)*(V**3)+H(5)*(V**4l+"\~)*IV**)l" 
1~1?l*(V**~l+H(8)*(V••7)+HI9l*(V**R) 

~TUNBL=UTUNB•DRINT 

VTIJNBL=VTII~B*DRI~T 

C niSPAT-NAlt OF NON-DIMENSIO~AL f~ERGV LOSS IN ELEMENTAL Sl~ID 
DIS~Al=~HSTOT*SLUPEU•DRJNT 

VIS'•IP=If~U*SLU~tU•SLilPEU•URINT•24.)/llMAX 
C ~lllo1iiTR-NfY~OlD~ NONt1Al SlRf:~SE:~ 

C SUMVTR-hEY~OLDS NORMAl SlRtSSFS 
C ~IIMIIJ:,-pJSSIPATJ(IN CllHFl( Jf~T 
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C ~Uf11JTOBRFV~~I n~ NORIIAL STRI:S$F.S 
C ~UfiVTR~RFVN'll n~ tiORI!H STili'S~r~ 
C ~UHoiS•nt~~TP4TtON rnE~FIClENT 

~ UJI UT B" ~ 11'111 T n +11 TU R fl l 
S UliVT R: ~I PlV TA +V T 11 R l1 L 
S IJ 11 V I S = ~ lP 11/ 1 ~ +V I ~ n I fl 
~Uti D IS:~ 11110 I~ • 0 I$ PAT 
RAT D I S r: ~ 11111/ I ~I<; IJIIO! <; 
U R I T E ( 2 , 6 n 4 l 11 , ~ H S T 0 T, S l 0 PE 11, S 11110 I ~ r S IHlll T R , q IHI V TB 

6 0 4 F 0 R 11 A TC? X , ~ ~ . ~ , ? X , F 7. 4, 2 X , F 7, 4 r 2 X r F 1 1 , ll, ~X, F1 1 , ll, 2 X , ~ 1 1 , ll l 
VTDTAL~II 

f>02 1/:V+DR !'IT 
1\01 CONT!NIJr 

WRITE(2,1) 

C****•CALCLJL4Tiotl OF tiJX!IIc; LEN<iTft AND FDilV VISCOSITY 
C****•CURVE FIT 0~ TIIRRIJ~I tJT SHEA!l STRF.SS 

tJ :U 
D0412t:o1,"1 
N =N+1 
VA=VASQ(I)w.O.~ 

S F N SA= ( V A<; Q I I ) " I 11 11 .\ • V 0 A ) l I ( 4 • *V A * 11 J I <HI ( I ) ) 
UVREY=CIEA(I)•FA(!)).(EUC!l•FR(!)))/(4,•SEN<;A*<;[NSAI 

IF (IJVRrYl 410,409r409 
410 CONTI NUF 

UVRrV=2. •IIIIRI'V 
111/RFY=A'l<; (IIVRFVl 
Y(I)=UVRFV 
X ( I ) = R T < I l 

412 WRITE(2,414lRT(t),llVREV 
414 FOR!IAT(?X,F~.~.2X 1 F;;,5) 

GO TO 41, 
409 cotJr 1 Nur 

N=l~~l 

415 CALL CUAVFF!TIN,x,V,~F.SFF,PP) 

WRITE(2,3?Rlnt~rJnL 
328 FOR!IATC/ilx,<n>li'!FFIISFR NON OtriENS!OtJAL LF.tJGTH :s,F5,1) 

XND=XACTP /ll I FflnL 
WRITE(7,~?0lXACTPrX~o 

329 FORIIATC/il~,n•JAXIAL DIST. rROI1 INLET<Xl a,F7,3,5H ltiS, r4X,15HN,o.o 
1IST.CX/Il=,F6.1,/) 
IFIDESGII1~1. )104,304,305 

C TRAtrSFFq TO 304 INDICATE~ OUTER WALL VALUES 
304 IFIDES<,:r?~1. l 106,30o,317 
306 IJRIHC2,117l 
3 1 7 F 0 RI I AT ( 0 ;J X , ~ H n I IT F R r 1 X , 4 t! W At L , ? X , 41Hl Lll F , 1 X , R 11 P 0 ~ I T I 0 ~~ ) 

GO TO ~1o 

~07 I F<DI SG•I?·?. l~Oi\,300,309 
308 WRIT[(~,11Al 
31 8 F 0 R 11 AT ( 11.1 X , ~ Hrtll TF R r 1 X r 411\J Al. L, 2 X , 5 H G RH N , 1 X , 11 HP 0 S l T I 0 N) 

GO TO 311\ 
309 WRITF(2,310l 
3 1 9 F 0 R 11 AT ( !l ll X , , H n 11 TF R r 1 X , 4 H WALL, ? X , 3 HR r n , 1 X, BHP 0 S t T l 0 N l 

GO TO 316 



504-

C ~RAN'!FF~ TO ~n~ INniCATCS INNFR WALL VALUES 
~05 TF(DFSG!i?.•1.H10,310,311 
310 WRITF(2,~?0) 
3 2 0 F 0 R 11 AT ( ()ll '< , <; H Tllfl F R ' 1 X, 411 WALL , 2 X 1 4 H B Lll E 1 1 X, 11 HP 0 ~ IT I 0 N) 

GO TO ~11\ 

~ 11 I F ( D F s G 11?-?. H 1 ? I 31 2 I 31 4 
31 2 IJ R I TF ( 2 , 3? 1 ) 
3 21 F 0 R 11 AT ( n ll J( 1 <; H I ~~ N F f! ' 1 X , 4 H WALL , 2 X , 5 H G R FEN , 1 X , 11 HP n SIT I 0 IJl 

GO TO ~11\ 

~14 HRITF.(2,32?) 
~ 2 2 F 0 R IIA T ( tl il X , '! H l IJIJ r R' 1 X , 4 H IJ ALL , ? X 1 3 HR E D , 1 X 1 8 HP 0 S I T I ON) 

GO TO 316 
316 CONT!tJIIF 

lJ RI TF ( 2. 3??) D F I ~ T I H ll I R F N 0 L 'l 
~ 2 7 F 0 R 11 A r ( 1 H :1 , 7 X , 711 DELTA*" , F t\, 3 , 1 X , 4 ~ INS • 1 1 X 1 2 H H" , F 5 , 2 , 1 X, 8 HR E V N 0 LDS , 

11Xt3HIJO. ,1?•t<llA~FD Ull TIIFTA)z:,F8,1) 
IIRITE<2.31)0) 

3 0 0 F 0 R 11 AT ( 1 H 'l , 'l X , 411 n I S T , 4 X , 4 H ~IS T , 1 X , '7 H n 11/IJ~I A X, 2 X , 5 H SHEAR, 3 X, '7 HE D • V I S 
1 , , 1 X, 7 Hr n • 11 !> . , ;>X, 5 11 '11 X L , 4 X , 5 H tll X U 

\IRITE(2,'lil1) 
3 01 F 0 R 11 AT ( Q X , 4 ~I R. R I , 4 X , 5 HR 0 • R l , 4 X , 2 H D R , 5 X, t\ H S T RES~ 1 2 X, 6 H ll, DEL* , 2 X tll H lJ 

1(R0-RI),21(,4HnFL••3X,?H(R0•Rt)) 
0 R TAW= R TA' I() I R •nJ 
V:DRTA'J/?.. 

C SLOPE fq A·~lntJFn AN INITIAL VALliF GREATeR THAN 0,3 TO START 
C r.ALCIJLAT!fl~/ PPOr.FDilllE 

SL0PFU:~10. 
00 231) 1=1o'l 

V=RT(ll 
IF (V"RR) 500,510,510 

50 0 C 0 N T Ill IJ F 

C*****IF SLOPr 0~ VFJOCITY P~OFILE 1• LESS THAN 0.3 THE SLOPE IS 
C CA L C IJ LA Tr: n 4 ~ ~ 11" PIG A LI N r A R RELATIoN~ fl! P !l F. T \J ~ F N S L 0 PE U A tJI'> V H 
C IN EARLTFR PART nF I'R0r.RAI1 

c 
c 
c 
c 
c 
c 
e 
c 

IF (0,3-~lOPt>ll ~11.S011501 
511 CONTI N!IF 

501 
502 

799 

S L 0 p E lJ =I I ( 1 ) +11 C ?l • V ·loiJ( 3) • (V** 2) + 11 ( 4) * (V** 3) + lJ ( 5) * (V** 4) + U ( 6) • (Vu 5) 
1 + U ( 7) * ( IIH 6) +!I ( il) * (V**?) •IJ ( 9) * (V** 3) 
SL0PES:o~l,t/PI'!l 

SLDPE=•iOPF~/(RR"V) 
GO TO 5()?. 
SLOpfU•~lllPF•CRil•V) 
SHST=PPC1)+DP(7l•V•PP(3)•(V•w2)•PP(4)w(V••3l+PD(5)•(Vw•4>+PP(6)•(V 

1••5)+PPC'7l•<V••Il)+PP(8)•<V••7)+PP(9)w(V••B) 
IF <~H.T) 5f0.~10,?qq 
C 0 N Tl/111 F 
~HST"SHFAR ~TRF~S 
VANNL-R~OIAI nt~T. rROH WALL RELATIVF TO ANNULUS HE!GIIT 
[DVNDD·F~~V Vt~COSITY NON D!MENStONALISFO REL, TO DISPLACEMENT 
THI CK'IF~'! 
FDVIIDA-rnrW VT~COSITV NON DH•PIS!ONAtiSFO RF.L, TO AliNIILU~ H~!GHT 
fHXf/DD·-IliXPJr, LFriGTH IJON OH1E:JSIOfiALISEO REL, TO D!SPLACF.tiENT 
THICKNF~~ 

Ill X 11 D A~" I\ I X PI r, L F N r, T H ~I 0 N D HI r: 11 S I 0 IJ A LIS F n R E l , T 0 HI N Ill US H F I G HT 
SIIST=Sil~T/?. 
SL0pFU:~An~(~LlPFII) 
VAN 11 L =V I A •J IJ -IT 
_DUD ll DD::~ LOP ~I I• nFL S T 



DU 0 R 0 A" S Ul Poll *A >Hill T 
E DV !Jil D :r ~ ll <; T I D 11 D R DD 
E DVN OA:~ H ~ T I Ill ID R OA 

SOS 

111 X N D 0 :r ( ~ 11 <; T I ( f) tl D R ll i> * lliJ 0 R 0 I) ) ) * * 0 • 5 
Ill X N D A" ( 5 H ~ T I C n 11 oR D A • DU I> R ll A ) ) ** 0 , 5 
<;HSTOT=~(1l+PC~J•V+p(3l•<V••2)•p<4l•CV••3)+P(5l•CV••4l+PC6)•(V••5> 

1+P(7l•CV••6l+PCR)+(V••7)+P(9)•(V••Dl 
?. 3 0 lJ RI T F ( 2. 2 '\ 1 l V , If A lW L , ~ L 0 PE I!, S H S T 0 T, Ell V IJ 0 D, F. 0 If N 0 A , Ill X till 0 , 11! X N 0 A 
231 FORJIATC<1X,FI, \,?X,Ft>.3,2X,~6.3,2X,F7.4,2X,F6,3,2X,F7.4,3X,F4.2,4X, 

H5. 3) 
510 CONTI NIJF 

I~ R I T E (? , 1? 3 l ~I Ill IllS 
3 2 3 F 0 RI 1 AT ( 11i<1 , 7X , 11 H 0 I <; S I PAT I 011 , 1 X, 1 211 C 0 F. F F I C I r; N h, F 9 • 6) 

lJ R I T E ( 2 , 3? t, l :, I filii T fl , ~, 11 I 1 V T n 
3 2 4 F 0 RI 1 AT ( I il X, ~HR F V t1 0 L I> S , 1 X , 6 H N 0 RH A L, 1 X , '!fl STRESS , , 1 X, 8 H lJ C 011 P 1J T = , F 8. ~ , 

14X•BHVCnr1PfJTc, ra. 5) 
G(l TO 1050 
STOp 
END 

EIHl OF SEGI~F.NT, L~NtlTH 2609, NA'IE ll141 



A18-1 SAMPLE CALCULATION AT X = 9.85 ins. L/ 11 R1 = 19 DIFFUSER, INNER WALL LAYER 

CURVr FITT!Nt; 0~ IIFAN VELOCITY 

ORDER = 8 HFA 'I ~ClUII11E ERROR .. 0,513620E·03 

NO. r.OF.F~Ir.!FNT 

ln 0 0- ??71>(1241 0 
1 6 _ ;>.qso?:Jo3 o--
2 -~ll. 1'!>724043 
3 4~6.2<1377<)01 
4 -1549 _ 46n73i,'J4 
~ '1?1n.42364"52 
6 -111(,9- i'l\70761~8 
7 ?47(, .nlf-.44116 
A -61,/l.?9?39462 

X (R-R,) 1ns V ufu E'J(PT VC ALe U/U CALCTO. FRROR 
• 1 

o.oor,ooono (),25000000 0.25736',54 -0.007360'54 
o. o~or,oono 0,34000000 0.";2902126 0.010971\74 
0. 015,)001!0 0,1<1500000 0.>7979430 0,0(1~20570 
0. 0~0,)(),)01) 0,41500000 0.41555?.16 -0.00055216 
0. Oll'inOooc, 0,4361')000() 0.44083221 -n. 001.832?1 
0. Oil000<)011 0,45~00000 0.45929g67 -o.Oo62?i11'>7 
0.09'>1)01)()<) 0,47000000 0.47342962 -0.003429112 
0.11000000 0,43~00000 0.411~18;.87 -0.002180/l? 
0.1?'i000illl 0. 40 5000011 0,49587i:l65 •O,OOOR7865 
0. 11.()()().)01) 0, 501\M)QO() 0.~11639273 0.00160727 
1J .1 )'i00o)00 0,5?000000 0.51724168 0. 00275R32 
0.1701)000(1 o.~"'i?11oooo 0,5?1163194 o.Oo3l1ilo6 
0 .1.\~0IJOOO O,S4'i00000 0.54078220 O.Oo14217AO 



-0.20000000 0.!>5600000 0,55348450 0.002515~0 
0.?1'>00001) 0,57000000 0,51>665>62 0,003~46~8 
0.2>01)01)00 0,5fl100000 0,511011583 (). 0(i08il417 
0. 24~001)1),) 0. ~9401)000 0,59~68056 0. 00I\'>i1144 
0. u.oooooo 0,60~00000 0,60720191\ -0.00220198 
o.21~oor.oo 0,62000000 0,1.2051365 -0.00051365 
0. ?.00001)(),) 0,63000000 0,63351740 -0.00~51740 
o.~nSGOooo 0,64400000 0,64614727 -0.00214777 
0.1?0.')01)01) 0,65500000 0,651\37754 -o.oo:Bi'7s4 
0. 1":).)0000 0,661\00000 0,67021972 -o. oo?21972 
o. 3>or,oooo 0,6S000000 0.611171713 -0.00171713 
0.3/i~OOOO!l 0,69100000 0,69293798 -0.001937Q8 
o.1qonoooo 0,70~00000 0. 70396741 -0.00096741 
o.3o~nonoo 0,71c;OOOOC 0,71489920 0.000100RO 
0. 411) 1000(t ll, 'U/'>00000 0,72582757 O.OG017?43 
0.4?~nonoo 0,:'4000000 0.73683956 0,00316044 
o. 441),)01)01) o.i'~oooooo 0,?4800832 0.0019'1168 
0. 45~•i0Ml0 o,i'6~noooo 0.75938758 0.00361242 
o. 4?•100011(1 0,77400000 0,77100764 0.0029<'2~6 
0.41~00000 o. nsooooo 0.?3287289 0.00212711 
0. 5'10,)0000 0,79700000 0,79496107 0. Ot1203893 
0,51~001)0() O,:iOROOOOO 0. A07?.;U.25 n.ooo77575 \11 

o. 5 -;oo,,ooo 0.~?000000 O,R19S9141 0.00040859 .s 
0. 51,)tl0000 0,113100000 0,1!3197265 •0.00097US 
o. ~t.ooono,l O,il4';0')000 0,1!4426~70 -0.00126470 
0.57500000 o,ll5400ooo O.ll5635'?60 "0.00?35?60 
o. 59or.onon 0,0o500000 0,81'\R1420B •0.00314208 
0 .1\0%01)1\0 O,'l7700000 0 .1!7951?40 •0.00:?~1740 
(). 6?0•10ooo 0, il3MOOOO O,ll0039906 ~0.002~9906 
0. 61~00tl00 o.nooooooo 0.90072596 •0. 00072596 
0. 6~()(,1)1)1)() 0,1)1000000 0,01()461>?8 •0.000466;>8 
0,6r,snor,oo O,t;zoooooo 0.91962158 0,000~7342 
0. 6.'\0ti0•10(1 0,"2900000 0,921l22.>13 o.ono771R7 
0,6'l~0000t) O,Q:Sf\00000 0,93635504 0. O<t164496 
0.71000001) O,ll4';00000 0.94409?34 0. Ot1090216 
0. 7?~.~000() 0,95300000 0.95156700 0. 001 43300 
o. 74000no,1 0,<:'6000000 0,95887u09 0.00112901 
0.?'>~00000 0,1)6800000 0.96608663 0.00191337 
o. 7?000.10t) 0. r>BOOOOO 0.97323438 ·ll.0\10234~1! 
o. 7:1500000 o,t')r.~oooor, 0,9il022605 0.00?77395 
0. ;JoOMl·lOI\ 0,'78500000 0,9R681486 -o. oo1111t.R6 
0.111">0000() 0."900000(l 0,99752760 -o. Of,252760 
0 ,l\10<101)1)0 0,~"9400000 0.99658439 -0.00753419 
0. !lr.~OO•lOO 0,"'9600000 0. 99780?.1.2 -0.001110242 
0. ~(,{j(',fl().')() o. ""ORI\Ilono O,QO/J,,~-:;4~ 0.003~11\S2 



ORDER = 

NO, 

0 , 
? 
J 
4 
5 
6 
7 
11 

CURVF ~IT OF SL~PF OF V[LOCITV PROFILE 

8 

r.OFF~Ir.!FNT 

6.31l9821115 
·147. ?297911\9 
1 :>;79. n;>697A5 

•<'>'1'~0 ~li1496?1 
1 ilH6 .112'1'33;6 

-2717•/l. ~?140ti44 
7.">71lR.4?n204o3 
""')/.7.017244>4 

107r;_o>n4S4R3 
X (R- R,) ino 

0.01750nOo 
0,01~001)00 
O,O'i?'iOnon 
0.070!)0{)00 
0. Q,\7SO()(l,) 
o .1,,'innn•10 
0' 1 ?.2)0,)00 
0.14000()00 
0.1 ">7)0(){)() 
0.1?';0000!) 
0.1Q2;Q,)00 
0.210•10()00 
o. 2;>7'>0011() 
0. 24')000011 
0.2o?.'>Oooo 
0. 211000.100 

V d(u/u) /dR .ns' 
4,27064404 
?,:i4632861 
1,1\9494991 
1.?93711\ll~ 
O.l'l4~"1i102 
0, 7677??/lS 
0,70468500 
0, 70936944 
0,74M2675 
0,799)119119 
0. ,'J4ii681 7.2 
o.~a1ilSilil6 
0."0108??0 
o.no403167 
0.~?77?259 
o.R7o64411l 

d (u/u)/ 
VCALC /dR 

4.~11899631 
2,113967'~43 
1,88049374 
, • 23097716 
0.9371747.9 
o. 76772964 
0.71033982 
0,71fl57il13 
0, 7590Ml3\l 
O,llOil?8560 
0.85386509 
0.8856860'/' 
0,90125157 
0 ,900'1'7561 
0 ,/!.0,6 72.-131 
0. Ro;>8784'i 

~RROR 
•0.018352;)7 

0.00665518 
0.01445617 
0.01274149 
0.0067fl672 

-0.0000061!0 
•0.005654112 
•O.OC.97081\8 
•0.0104411i4 
-0. 0 (,9 59 57 0 
•0.00718188 
-o. or,31l2771 
•0.00016?H 

0.00325606 
0.005994?9 
0.00776)74 

tl1 
0 
()J 



(R- R;) ins. 
0. /.97~0(J()() 
0.~1'100()1)0 
o. 3 ;?soooo 
0.~'>001)1)1)() 

o. ~~.7~0()00 
o. ;;1r,oonoo 
0. 4•1?.~01)()() 
o. 4?or,oo.1,) 
0.4~7">('\~0() 

0.4r,r,r,oooo 
0.4i'2Silnoo 
0. 4'10000J)() 
0. 5•)7~0()00 
0. 5?S•10n0,1 
o. 51,?~().)()() 
0. 5(,()()0()01) 
0.~?7",0()0() 

O.S'l~ilOoOO 
0.61?.S01)00 
0 ,1,)()1)0()00 
o. 6t,7~or,oo 
0. 6(,50()1),10 
0 ,1,,\?..,01)0() 
0. 7(\0J/0()()0 
0.717SOOOO 
0,71~001)0() 

o. 7'i?<;on.1o 
o. 7?nnonn•1 
0. 7'l7r,onn<o 
0 , :l o) 'i(, 0 () () !) 
o.,.~?.r,onno 

o .. ~t.nt.O~iln 
O,nS7'illllOO 
(). ~71,)()1]1),) 

d (u/u) / dR 

0,64196550 
0 .:'·1 09 41 ~7 
0. 781 457?.il 
0,751\70239 
0. 73R'l642i' 
0,7205?.43'> 
0,721\64597 
O,i'3S6::'ii\O"I 
o. 741\98301 
0,76!'i51469 
0, i'8S631i\1 
0 •. 10;5351 3 
o •. 'l174736? 
o.:"./'498-;r,o 
1),:1?41?316 
0,31364Sil;> 
0 • i''l ~ 1 6 5 •;r, 
o.7r.~?>lln 
0.7<S>il240 
0.68?005~3 
0,631'>24117 
0.59167017 
0,$5190901 
o.~i'nn6il73 
0,4Qil0531lfl 
0 .l.ll5691l16 
0.47971463 
0 ,I. 7?1.59 ~6 
o.45o4flo5? 
o. )9?11531,? 
0. 769?751l0 
0.~.37915?.6 

-o.35700o?.ll 
-o ,r.!l?i\3451 

<:J(u/u)/ dR CALCTO. 

0.1!3352913 
O,A0?9?66t, 
0,77432505 
0.75?18'>29 
0. 73?02~·17 
0.73028472 
o.73193t,oo 
0.741001'>il5 
o.7sr,76?.09 
0. ?7"~89 457 
0.79?75.!54 
O.:lo957u18 
O,il/172965 
O,il2697132 
0.11~~60928 
O.!l1069743 
0,73il14,;3? 
0.75679,46 
0,71il35?84 
0 ,tH536,S07 
0.6>096,'\94 
0 • 5 F.ll6 1 ,) ? 6 
0,;51635'16 
0.5?.275?f.? 
o.~~·nsr.11 
0.49272796 
0.4il7055?0 
0.471132172 
0.45304734 
o. ~<;o76i•fl4 
o. ;~r,?42f.Q3 
0.0?.859322 

-0. ~o?62'J23 
-o .CJ77771'1 1 

ERROR 

O.OOR436'17 
O.OOilil1493 
0. 0(•6632?3 
0. 0(o45131 0 
0.00194405 

-o.000?6u'l6 
-o. 0(J329(,o4 
-o.o,;q6P.R2 
-0.006?7909 
-o. oo?"I79R8 
-o. oo711 S73 
•0.0()1\03)115 
-0.01)425604 
-o.Oo1QI\51l2 

o.ooo513Ril 
0.0CJ2Q4/l'l9 
0. 0,)501713 
0.006441'.?7 
o.Oo?o29r;6 
0. 00M.39;>6 
0. 00527?:>3 
0.0030591!7 
o.ooo27>o5 

-o. or1?.t,P.4o9 
~o.oos~0472 

-o. oo7o<'~Ro 
-o. 00734c,s7 
~o. oosll6<;~6 
~ 0 • 0 ,, 2 56 6112 
0.002093~7 
0. 0•11\8481\6 
o.oo•n22n4 
0. OIJSI\2295 

-0.01010640 



--------------------------------------------------------------------------------------------------

OROER = 

NU. 

0 
1 
7. 
3 
4 
5 
6 
7 
A 

C tl RV F Fl T n ~ AXIAl TU R Fll I L F N C E IN T F ~J SIT I F S 

8 HFAN ~oUARE ERRO~ = 0.236~40F~06 

r.onnr:tFNT 

0.0111070'14 
-0.1:'742432 

1.31170,146 
-5.74350505 
12 7<135151!9 

~16.09"07455 
11 91?6'i036 
-s _ 11 347,~411 

1- 061i1311\7 
X (R-R;) ,.5 

0.05000000 
0,100()001)0 
0.1 ~·1ii0Ci0() 
0. 2ll01)0()0() 
0.2S000001) 
o . ; 1/ o o or, o o 
O.'!'iOOOI'IOO 
0. 41)000()1)0 
0. 4SOMl0•10 
0 • 5 <1 0 ;) 0 () <) ,) 

0. 5 SilOO•lO(} 
0. 6ti000000 
0 .I\S0•100•1<1 
o. 7()000()~.) 
() • 7 -, 0(, 0 ,.,.,,) 
o.!looonool) 
0 , /l '; () I) 0 () I)() 
() ~f.t''\t.r"llr!\ 

V 
u•~/ u2 'E)CP.,. 

0.014318411 
o.013ilQ482 
0,0143<?142 
0.01514752 
0.015151!31 
0.01~14107 
0.01392.134 
o.t-120353<'> 
0,01186394 
0,01072?50 
O.ilt197862B 
0.00010763 
0. Mdl6344~ 
0,007565211 
o.:lv7?9690 
o.not.67630 
0,(\01\13361 
r'l ff t..l . .,r"..?O 

VCALC u'~ju• 
0.01433570 
0.01383u52 
0.1)1446281 
0,01510947 
o. 01521\609 
0.01489?-19 
0. 01405'< 76 
0.01296,<,49 
o.n11B1.~84 
0,1)1074365 
0,00983283 
0. 11!190831 8 
0, O•JR44320 
0 ,1)()783,,33 
0.()0721591 
0,011660447 
o. ,, •161 9n 1 7 
f'l t\1)/., L..1 '· ~.Q 

R-R,'It'l5, U'2/u'2. 
n.oso o.o1t'P 
0,100 0.01>119 
0.150 0.01419 
0.2•)() 0.01~1~ 
0.251) 0,01';16 
o.3no o.r,i5'14 
0.35() 0.01191 
0,400 0.01?94 
0,450 0.011R6 
o.soo 0.0107?. 
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APPENDIX 19 

ACCURACY OF TURBULENCE A~ALYSIS 

No diff1culty was experienced in curve-fitt1ng the 

velocity prof1le and turbulence data. Various orders of 

polynomial equation were 1nvestigated and it was found that 

an e1ghth order equation provided a stable solution 1<i th the 
u 

greatest accuracy. Some error in the calculahon of d(iJ) 
dR 

can be expected, particularly in the early stages of 

diffusion (Section Al3-3), s1nce the raw velocity prof1le 

f + 1'' data has an accuracy o - 1o. Examinat1on of the mlxl.ng 

length d1strlbutions (Figs. 4-10-l/2) reveals a scatter of 

the order of 20'~ in the early stages of diffus1on 1 whilst 

1n the latter stages of d1ffus1on the data is free from any 

significant scatter. Hm.,re.rer, in v1.ew of the accuracy of 
I 

the shear stress measurements it is d1ff1cult to quote an 

accuracy for the mixing length data although t:1e relative 

changes are probably accurate to within ~ 10'~. 



Appendix 20 

Turbulence Analysis 
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TABU: A21!-1 
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0,0022 
0,0020 
1),0016 
0,0011 
11, 0IJ08 
II,OU04 
I), 0UQ2 

DISSIPATION LOEFFICIENT= 0,001518 

•o.v1s. 
II,DfL* 

0.007 
0.013 
0,1)21 
0.0<'4 
0.024 
0.025 
0.02<,1 
0.035 
0.035 
0.025 
0.035 
0.032 
0.037 

REYNOLD~ NORMAL STRtSS. UCOMPNT= 0,00160 

TABLE A20-? 

DIFFUSER NON DIMtNSIONAL L~NGTH = 5.0 

AXIAL DIST. ~QOM INLET<Xl = 3.000 IN~. 

INNER WALL GREEN POSITION 

rD.VIS. 
II(RO-Rll 

0,0003 
0,0006 
0,0011 
0.0012 
0,0012 
0,0013 
0.0015 
0,0018 
0,0017 
0.0013 
0.001R 
O.O'J16 
0.0018 

M I X L 
OEL* 
0. 1 7 
0.33 
0.56 
0.63 
0,65 
0,72 
0 ,IHl 
1 • 11 
1 • 2 4 
1 • 0 7 
1 • 7 8 
2. 21 
4. 1 0 

M I X I 
(RO-Ril 

0,0119 
0,017 
0.0?8 
0.032 
0.033 
0.036 
0. 1)44 

0.0~6 
O,Of>2 
0.0~5 
0.1)89 
0. 1 1 0 
o.zns 

VCOMPNT= 0,00069 

N.D.OIST.(X/Ll= 0,6110 

DELTA*= O,OSO INS. H= 1.2~ REYNOLDS NO.<BASFD ON THETA>= 3285.1 

OIST 
R-Rl 
0,030 
1).050 
0.07'> 
0,100 
tl. 1 2 5 
0.1~0 
tl,17'> 
0,200 
0,250 
0.300 
0.350 
0,400 
1),450 

DIST 
RO-Rl 
0,030 
0.050 
0.07~ 
0.100 
0.1£'> 
0. 1 50 
0.17~ 

0.201) 
0.2)0 
0.30\J 
0.3'>0 
0.400 
0.450 

DU/llMAX 
DR 

4,445 

2.302 
1 • 381 
1 • 19 0 
1 • 11 1 
(). Q 57 
0.750 
0,569 
0.451 
0,440 
0.220 
0.132 
0,044 

SHEAR 
STRESS 
0,002<1 
0,0028 
0,00211 
0,0027 
I), 002f> 
0.00?4 
o.oon 
0,001'1 
0,0015 
0,0010 
O,OOOf> 
0,00(14 
0,0001 

DISSIPATION COEFFICIENT= 0.001497 

FD.VJ<;. 
(I,DEL* 

0, 0 (I 7 
0.012 
0.020 
0.023 
0.02:1 
0.025 
0.029 
0.034 
0.032 
o. on 
0. 027 
0. 027 
0.020 

REYNOLDS NORMAl STRES&. UCOMPNT= 0,00159 

FD.VIS. 
U(RQ-R!) 

0,0003 
0,0(1{11\ 
0,0010 
0,0011 
0.0012 
0,001? 
0,0014 
0,0017 
0.0016 
0.0012 
0.0013 
0 • t) \) 1 4 

0.0011i 

"11X L 
DEL* 
0.17 
0,33 
0,54 
0,62 
0.6~ 

0.72 
0,1:>8 
1 • [I <,I 

1 . "0 
i . 0 2 
1 . "6 
2.03 
? ,'Ill 

MIX L 
(RO-PI} 

0,1)(!9 

0. 016 
0. 0?7 
o. 1n1 
0. I) 3 2 
0 . . 30 
o .. 11~t. 
I J • ') ~ l. 
0. tl,., ,, 
(). \) ~ 1 
0,0711 
0. 1 t\1 
0. 1 4Q 

VCO~P~T= U.OO•lb4 
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IAbLt Att)-) 

OI~FU~ER ~ON DIMENSIONAL LE~GTH = '·V 

AXIAL PIST. rROM !NlfT(X) = 3.0011 INS. N.D.DI~T.<XILI= 0.600 

IN~ER WALL RE" POSITIO~ 

DFLTA•= O.U~O INS. H= 1.2K RtYNOLDS NO.(SA~ED ON lHFTAI= 328~.1 

n I ~ T 
R-RJ 
'1.031) 
n.o~u 
I). 07) 
0 • 1 0 •I 
11.12'> 
11.1')\J 
,, • 1 1 ~ 
n.zoo 
11.250 
o.30v 
o.35u 
0.40/J 
0.450 

n 1 ~ 1 
RO-kl 
0.0~·· 
\l.O';lil 
0.01'> 
0.100 
0. 1 ~' 
0.1')0 
0.11'> 
0.?00 
0 . 2 ')I) 

0.300 
o. 3')0 
0.40\1 
0.4')0 

DtJ/IIMAX 
OR 

4.44'> 
?.302 
1.31S1 
1 • , 9 0 

1. 1 1 1 
o.os7 
0.750 
I) • ., 69 
0. 4 51 
0.440 
0.220 
0. 1 3 2 
0.044 

~HFAR 

SHFSS 
0.0021 
o .oon 
o.ou2; 
O.OU2"' 
0.00?4 
0.00?2 
'1.0020 
0.0018 
0.0016 
\1.0012 
O.OOOQ 
o.tlll06 
0. 11(103 

rD.VIS. 
ll.llEL* 
o.ous 
0.010 
0.0111 
(1. 021 
0.021 
0. 02? 
0.021'< 
0.032 
0.03') 
o.on 
0.041 
0.04~ 

O.Oo8 

DISSIPATION COFFFICIENT= 0.001279 

REYNOLDS NORMAL STRESS. UCOMPNT= 0.00179 

TABLE A20-4 

DIFFUSER NON DIMENSIONAL LFNGTH = ';J.O 

AXIAL OIST. FROM INLET<X) = 0.~01) INS. 

INNER W~LL HLUF POSITION 

ED.VI~. 

U(RO-RI) 
0.000? 
0.0005 
O.IJOU<J 
0.0011 
0.0011 
0.0011 
0.0015 
0.0011'< 
U.0017 
0.0014 
0.0020 
0.0023 
0.0034 

MIX l 
OFL• 
0. 1 5 
0.29 
0 • ., 1 
I). 6 () 
11.62 
0.69 
0.~4 

1 • 0 6 
1 • 2 4 
1 • 11 
1 • 9? 
~.62 

5.~6 

M I X l 
(RO-VII 

0.01•7 
0.01~ 

0.<126 
O.U30 
O.U31 
O.tl3t, 
0.04~ 

O.d'>3 
u.062 
O.<lSA 
(1.(1"6 
c. 1 31 
0.278 

VCOMP~T= O.OU082 

N.D.OIST.(X/Ll= O.UAO 

DFLTA*= 0.057 INS. H= 1.31 REYNOLDS NO.(BASED ON THETA)= 3~33.8 

OIST 
R-RI 
0.05U 
0.075 
0 • 1 0 ,, 
0.12'> 
0. 1 S•l 
0. 1 7 ~ 
f) • 2 Q I) 
1). 25 u 
0.30U 
/J 0 3 SI) 

0. 4 0 ,, 
0.450 

D I S T 
1{0-~J 

1).047 
0. 011 
0.09) 
u. 1 19 
0. 1 4 2 
U.11>6 
0 • 1 9 <) 

0. 2 3 7 
0.2~'> 
0. 3 3 2 
0. ~ H 0 
0. 4U 

OU/llMAX 
OR 

2.41!1i 
1. 460 
1 .?3A 
1 • 1 3 2 
0.961 
0.752 
0.583 
0.503 
0.529 
I) • 3 0 9 
0.087 
,, • 049 

SHEAR 
STRtSS 
0.004'1 
0.0044 
0.00~<1 

0.0034 
0.0032 
o.oo~o 
O.Ou28 
0.0024 
0.001<1 
0.0014 
0.0011 
0.0001 

DISSIPATION COFF~ILIENT= U.00240S 

EO. VIS. 
H. DEL* 

O.U17 
0.021'< 
0. 027 
0. 027 
0.02'1 
0.035 
0.043 
0.042 
0.032 
0. 0 41 
0.107 
(1.125 

REYNOLOS NORMAL ~TAfSS. UCOMPNT= 0.00113 

ED.VIS. 
U(RU-RI) 

0.0009 
0.0014 
O.Oil1S 
0.0014 
0.001(, 
0.0019 
n.Otl23 
O.Oil23 
0.0017 
0.0022 
ll.UOSI\ 
0.006>1 

M I X L 
DEL* 
11.35 
0.5t> 
0 • 6 2 
0.64 
ll.73 
0.911 
1 . 1 3 
1 • 2 1 
1 • (I 2 
1 • ~ 2 
4.66 
A.o~ 

MIX L 
CRO-P!) 
0.019 
0.031 
0.034 
0.0.35 
0.039 
0.049 
0.01>1 
O.flt"'>A 
o.o~s 
(o.ol<2 

0.2~2 
,, • 3~ 2 

VCOMP~T= 0.00~12 
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TABLE A20-~ 

DIFFUSER NON DIMENSIONAL LENGTH = 5.0 

AXIAL OIST. FROM lNLET<Xl = 0.750 INS. N.D.OIST.<XILla 0,150 

INNER WALL BLUE POSITION 

DeLTA•= 0,07~ INS. H= 1,40 REYNOLDS NO.<BASED ON TH~TA): 417l.7 

OIST 
R•RI 
0.0~11 

n.o7~ 

1),1011 
0. 1 2 s 
1\,15\J 
u. 1 7 ~ 
fi.201J 
11,<'~•) 

0,301) 
0,350 
1),400 
0,451) 
0,500 

DJ q 
R0-~1 

0,044 
O.Ot>l> 
0,088 
0. 11 0 
0. 1 3 3 
0,15~ 

0. 177 
o. n1 
0,265 
0. 30Q 
1). 35 3 
0.39!1 
0,442 

DUIUMAX 
OR 

2,Q34 
1 • 7 81 
1 • 4 50 
1. 321 
1.188 
1 • 006 
O.ll27 
0.634 
0,606 
0.474 
0.233 
1),147 
0,060 

SHEAR 
STRESS 
0.0066 
0.0056 
0.0047 
0.0042 
0,0039 
O,OU3t< 
0.00~7 

0,003.? 
0,0025 
11,0020 
0.0015 
0,00(19 
11,0006 

EO. VIS. 
IJ.I>EL* 

0.015 
o.u21 
0. 022 
0.021 
0. 022 
0.025 
0.030 
0.033 
0. 027 
0.028 
0.04<' 
0.039 
0.062 

DISSIPATION COEFFICIENT= 0,003264 

REYNOLOS NORMAL STRESS. UIO~PNT= 0,00248 

TABLE A20·6 

DIFFUSFR ~ON DIMENSIONAL LENGTH = ~.0 

AXIAL DIST. FROM INL~T(X) = 1.350 INS. 

INNER WALL BLUE POSITION 

ED,VIS. 
IJ(RO·RI) 

0.0010 
0.0014 
0.0014 
0.01114 
0,0015 
0.0017 
1!,0020 
0.0022 
0.001R 
0.0018 
0.0028 
0.0026 
0.0041 

MIX L 
DEL• 
O,l6 
0,40 
0,45 
0.46 
o.so 
0.58 
0,()\l 
0,84 
0,78 
0.88 
1 • 56 
1 • a 11 
3,69 

MU l 
(RO•RJ) 
0,017 
0,026 
0,030 
0,030 
o. o.n 

',0,038 
O,OI.b 
o,oss 
0,0')2 
0,1)'>9 
0,103 
0,125 
0,245 

VCOMPNT= 0,00222 

~.D.DIST.IXILl~ 0.270 

DELTA•= 0,094 INS. H: 1.4~ REYNOLDS NO.<BASED ON THETA); 4696,9 

OIST 
R-RI 
11,05v 
0,07S 
u.10il 
1),125 
n.1Sv 
0.173 
C1,20() 
fl.250 
'1.30•1 
0.350 
0.401) 
0,4511 
IJ.~ou 
IJ,SSU 

01~1 

RO·RI 
0,040 
0.061 
0,081 
•). 101 
0. 1 21 
0. 1 41 
0. 1 6 2 
0.202 
o,c42 
0.285 
0.3<'3 
0.363 
0.404 
0.444 

DUilJMAX 
OR 

3. 1 2 2 
2.036 
1 • 59 4 
1 • 41 5 
1 • 3 0 3 
1.179 
1 • 0 33 
0.752 
0.604 
0.551 
0.448 
0. ?72 
(l,171i 
o.oss 

SHFAR 
STRESS 
(1,00119 
0.0087 
0.0078 
0.0068 
0,0059 
0.0052 
0.0046 
0.0039 
0.0033 
0.00?6 
u.oo2o 
0,0014 
0,(1l)l)9 

o.ooos 

DIS~JPATION LO~FFICIENT= 0,0040112 

ED.VIS, 
IJ.DEL* 

0.015 
0.023 
0.02t-
0.02b 
O.Ol4 
0.023 
0.024 
0. 027 
0.02'< 
0.02'> 
0. 023 
0. 02? 
0,1)21 
0.052 

K E V N 0 I. D S ~ 0 R 14 A l S T R 1: ~ S • IJ t 0 MP N 1 = 0 , (I IJ 4 4 4 

EO.V!S, 
U<RO·Rll 

0.0012 
0.0017 
0.0020 
0.0019 
0,001!1 
0.001/l 
0,001/l 
0.0021 
0.0022 
li.001<l 
0.0111H 
0.00?1 
ll.OU?Cl 
0.002':> 

MIX l 
OEL• 
0.?3 
0,34 
0.42 
(1,44 
0.44 
0,46 
0.50 
0.1>2 
0,71 
0.70 
0.74 
1.03 
1 • 2 7 
c.o2 

MIX L 
!RO•RI): 
o. 017 
0,026 
0.0~2 
o.o:n 
0.0~4 
0,03~ 
O,tJ31S 
0,047 
0 .•)54 
O,OH 
0,056 
0,07/l 
•l,OQ6 I 

0.1~3 

VCOIIPNT= 0.00299 
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TABLE AZ0-7 

Dl~FUS~~ NON DIMENSIONAL LENGTH : S,U 

AXIftL OIST, ~HUM JNLE:T (X) : 1,950 INS. N,D.~)ST,{X/L): 0.390 

~~~ER wALL BLUE PO~ITION 

D~LTA•= 0,11& INS. H= 1.51 REYNOLO~ NO,CBASED ON THETA)= ~'~6.2 

1>IST 
. R- RI 
o.osu 
11,07~ 

0.100 
:1.125 
11.1~0 

:1,200 
(j • i 5 () 
0,300 
o.>so 
11,400 
11,450 
o.soo 
•1.550 
11,600 

ll I S 1 
RO-HI 
0.037 
0.0~1> 
0,074 
0. 09 5 
0. 1 1 2 
0. 1 4<1 
0.11i<'> 
0. 2 2 5 
0,260 
0,2911 
0, BS 
0. 372 
~.40~ 

0,446 

011/UMAX 
DR 

2.7!l!:i 
I. 077 
1. 71 () 
1 • 51 4 
1.>86 
1 • 1 59 
0,921\ 
0.744 
0.1>27 
0.539 
1),429 
0,303 
tl, 231 
0. 1 21 

SHEAH 
STRESS 
0.0080 
O.OORI\ 
O.OOR9 
0.0084 
0.0076 
0,0057 
(),0041 
0,0031 
0,0025 
o.oon 
0.0017 
0.0012 
O,OOOt> 
(),0003 

~O.VI!-. 

U.OEL• 
0. 01l 
0.011\ 
o.on 
0.023 
0.023 
0.021 
0.019 
0.017 
0.017 
0.017 
0.017 
0.016 
0. 01 2 
0.012 

DI&SJPATION COFFF!CIENT= 0,003781 

RFYNOLDS NORMAL STRESS. UCOMPNT= 0.00516 

TABLE A20-R 

DiffUSER NON DIMENSIONAL LENGTH = 5.0 

AXIAl DIST. FROM !NLETCX) = 2.550 INS. 

JNNEN WAll BLUE POSITION 

ED.VIS. 
U{RO-RI) 

0.0011 
0.0011> 
0.0019 
0,0021 
0.0020 
0.0018 
0,001<'> 
0.0015 
0,0015 
0,0015 
0,0015 
0.0014 
0,0010 
0.0011 

M I X L 
DEL• 
0.19 
0.27 
0. 33 
0.3f> 
0.38 
0,39 
0,41 
0.45 
0.48 
0.52 
o.~ll 
0.61\ 
0,65 
0,92 

M l )( L 
{RO•WI) 
o. 017 
0,024 
J,0?9 
0.032 
o.o:B 
0.034 
0. 036 
0,039 
0,042 
0,045 
0.0~1 
J.060 
0,057 
0.081 

VCOMPNT= 0.00248 

N.D,OIST,(X/l)~ 0,510 

DELTA•= 0.136 INS. H= 1,57 REYNOLDS NO.CBASED ON THETA)~ 5670.2 

OIST 
~-RI 

0,050 
0.07~ 
0,100 
0. 1 2 5 
0,150 
0.200 
•l,l50 
'l • ~Oil 
'1. 35u 
0. 40(1 
0. 4 s ll 
0.500 
I). 55(1 
:),600 
d,6SO 

DlST 
RO·HI 
0.034 
0.052 
0. 069 
0,086 
0. 1 0 3 
0,13R 
0. 1 7 2 
0,207 
0. 2 41 
0.?7'> 
0. ~ 1 0 
0. >4S 
0. ~ ~~ 
0.414 
o.44d 

DU/UMAX 
DR 

2.503 
1 • 9 0 5 
1.677 
1 • 5 89 
1 • 5? 1 
1 • 3 0 0 
1 • 0 26 
0,835 
0.752 
I). t'>I:IR 
0,549 
0.~4/l 

0. ? 1 s 
0.136 
(),056 

SHEAR 
STRES~ 
0,0070 
0.0080 
0,0085 
0,0086 
0,0084 
0.0074 
0.005!i 
0.0044 
o. 0036 
(),0031 
0,0027 
0.002(1 
0,0012 
o.oooo;. 
0,0003 

DI~SIPATIO~ COEFFICIENT= 0.004063 

ED.VIS. 
U.DEL* 

0.010 
0.015 
0.019 
0.020 
0.020 
0.021 
0.021 
0.019 
0.017 
0.017 
0.018 
0.021 
0.020 
0.024 
0.023 

RFYNOLDS ~O~M~L STHFSS. UCO~PNT= O.U06S7 

ED.VIS. 
U{HO-RJ) 

0.0010 
0.0015 
0.0017 
0.0019 
0.0019 
0.0020 
0.0020 
0,0018 
0.0016 
0.001A 
O.iJ1l17 
O.Oil2il 
0.001'-
0.0023 
0.0021 

MIX L 
DEL* 
0.17 
0.24 
0.29 
0.30 
0.51 
0,34 
0.39 
0.41 
0. 41 
0,42 
0.49 
0,67 
0.8~ 

1 • 1 4 
1.12 

M I X l 
(RO·~ll 

0,011> 
0,0?3 
o.on 
O,O?Il 
0,0?9 
0,032 
O,ll3e> 
ll.O~<:J 

0.039 
0,()<.0 
0.1)4(l 
O,Or-3 
0.078 
0,107 
0,11>2 

VCOMPNT= 0.00225 
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TABU- A/.IJ-'1 

DJFFU~EP ~0~ DIME~SIUNAL LfNbTH = ~.U 

A(JAL DIST. FROM JNLET(Xl = ,.150 INS. N.D.DIST.(X/LI= 0.630 

INNER !.ALL BLlJE POSITION 

UELTA•= 0.15~ INS. H= 1.61 REYNOLDS Nll.IBASED ON THET~l= 6173.0 

r>JST 
R-~1 

f). 030 
u.o~o 
11.10(} 
0.1)0 
IJ • ? 0 (I 
•1.250 
11.300 
u.3'>iJ 
I) • 4 (J I) 
tJ.45tJ 
0.500 
IJ.)~ll 

11.600 
0.6511 
0.700 

DIST 
RO-RI 
0.01'1 
0.052 
•l • 0 6 4 
I) • 0':1 b 

IJ.1t'l 
0. 1 ~ 1 
0.1\1~ 

0.?.!~ 

0.2'>7 
0.2b-l 
o. sa 
tJ.">4 
0.,1.<6 
0.41~ 

0.4~0 

DU/IJMAX 
DR 

2.'190 
2. "224 
1 • ~65 
1 • 4 7 8 
1. 3~'1 
1 • 1 4Q 
1). 94) 
n.I<V6 
0.71~ 

0.~11 

O.I,IJ2 
0.310 
0.?44 
0.13/l 
0.032 

SHEAR 
STRESS 
0.004f> 
0.00)7 
0.007'> 
O.OOiiS 
0 • (IQ/j/) 

0 .(1077 
11.(101)2 
0 .l104b 
n. (I (I 1R 
0.0034 
0.0030 
0.0023 
tl.l1012 
0.0005 
o.nuo6 

DISSIPATION CO~FFICIENT= 0.004051 

ED.VJS. ED.VIS. 
U.DEL* UIRO-RI) 
o.oos o.oons 
0. Otlh 0. OOOtS 
0.015 0.0015 
t'. OH 
0.0?.0 
0.02? 
0.021 
0.01'1 
0.017 
0.018 
0.0<1 
0.0.!4 
0.01f> 
0. 0, 
0.062 

0.0011< 
0.0020 
0.0021 
0.0021 
11.0\)10 
0.0017 
O.Oil1f< 
0.0021 
0.0024 
0.0016 
0.0011 
0.0062 

M I X L 
DEL* 
0. 1 0 
0.16 
0.25 
O.lB 
0. 31 
0.5S 
0 • 51! 
0.39 
0.40 
0.45 
0.54 
I) • 7 (I 
0.65 
0.72 
3.54 

MU L 
(RO-RI) 
0.010 
0.015 
0.015 
o. 0211 
0. 1) ~ 1 
0.1)3) 
0,038 
0.039 
0.039 
0.04~ 

0.\1~4 

0.070 
0.01>5 
0. 072 
0.3~3 

RfY~OLOS ~ORMAL STRESS. UCOMPNT= \1.00741 VCOMPNT= 0.00278 

TABLE' A20-10 

DIFFUSER NON DIMENSIONAL LENGTH = S.U 

AXIAL DIST. FR!IM INLETIX) = 3.15fl INS. N.D.DIST.<XILl= D.G30 

INNER WALL GR~EN POSITION 

D~LTA•= 0.1~~ INS. H= 1.61 PEYNOLDS NO.(BASED ON THETA): 6173.0 

nJST 
R-RI 
o.o3" 
11.050 
0.1011 
(1.15\• 
0.20fl 
•l.?SO 
0 • 3 0 \I 
() • 3 5 1) 

0.400 
0.4~lJ 

o.5on 
I) • 550 
(). 6011 
0.6){) 

Dl q 
RO-RI 
0.01'1 
0.032 
0.064 
0.096 
J. 1 29 
0. 1 61 
0. 19 3 
0. 2 2 5 
0.2~7 

0.28'1 
•1. 5n 
0.3~4 

o.38t> 
o. 41!1 

DU/UMAX 
OR 

2. 990 
2 .?24 
1 . 565 
1. 478 
1 • <;59 
1 • 1 49 
v. 9 45 
li.RU6 
IJ • 71 ~ 
0.{.11 
0.46? 
u.310 
0.?44 
0.138 

SHEAR 
STRE:S\ 
0.0043 
0.0054 
O.fl073 
0.0080 
\). (1(175 

0 • (I 0 6 4 
0.0051 
:).0041 
0.0054 
0.0028 
t!.0021 
0.0013 
0.0009 
0.0003 

DISSJPATI8N CO~FFICIENT= 0.00,646 

ED.VJS. 
tl.lltL• 

O.tl\15 
O.OUil 
0. () 1 5 
0.017 
0.01~ 
0.018 
0.017 
0.01(', 
0.015 
O.t!15 
0.015 
IJ.014 
o.u13 
0.001> 

RFYNOLD~ NO~MIL STRF&S. UCOMPNl= O.OU~70 

ED.VIS. 
U(RO-RI) 

0.0005 
0.0008 
0.0015 
0.0017 
0.0018 
0.0018 
0.0017 
0.0016 
0.0015 
0.001'> 
0.0015 
0.0\114 
0.0012 
0.0006 

MIX L 
fJEL* 
0.10 
0. 1 5 
0.25 
fl. <8 
0.<9 
0.32 
0.34 
0.36 
0.37 
tl. 4 0 
0.4S 
tl.~4 

0.57 
0.53 

MIX L 
(RO-RJ) 

0.01tl 
0.01~ 

0.025 
(• .027 
(1. U?9 
n.032 
O.J34 
o. !)36 
0.037 
0.040 
0 • •) 4 ~ 
V.\)51. 
0.0':>7 
0.053 

VCOMPNT= 0.00250 
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TAHlr A(0-11 

lllf F U ~ F k ~ 0 N ll I M HiS I 0 N A I Lt N G T H = ~ • I! 

A~IAL DIST. >~OM !NIET<Xl = ~.150 iNS. N.D.D1ST,IXIL>= 0.630 

I~NFR WftLL MED PllS1TION 

DELTA•= 0.1~5 I~S. H= 1.61 RcYNOLOS NO.IBAStO ON THETA)= 6173.0 

r!] S T 
Q-RI 
''. 03v 
n.oso 
0,100 
J. 1 5 u 
I). {(I \I 
0, 2 5 I) 
o.~ou 

''· ~5(1 
!) • 400 
I) , 4 5 (I 
11.'>011 

1).~5\1 

0,600 
'1.6')u 
11.700 

D 1 S 1 
RO·NI 
I), 0 1 q 
0.032 
'l. 064 
1),0\11> 

0. 1 <9 
o. 161 
0.111~ 

0.2<'> 
0.2~7 
0.2b'< 
u. ~n 
0,3S4 
u. ~1\6 
0.411l 
0,4)0 

DIJ/UMAX 
DR 

l. 99 u 
l. 224 
1 • ~ 6 ~ 
1 • 4 7 8 
1 • '59 
1 • 1 49 
0.94~ 

11.806 
n.71~ 

11.611 
0.462 
0.310 
0.?44 
0.131! 
0.032 

SHEAR 
STRESS 
O.OG4? 
0.0053 
1),0072 
0,00il1 
0,0081 
0.0072 
0.0060 
•).00411 
0.0039 
0.0053 
1).002<,1 
0.002~ 

U.OU1M 
,, • 0 01 1 
tl,OOil!l 

ED.VIS. 
IJ.llEL• 
o.oos 
0.001:1 
o.o1s 
0.018 
0.019 
o.ozo 
11.020 
0.019 
0,017 
0,017 
0.020 
0.026 
0.024 
0. 027 
0.078 

OI&~IPAT10N LOEFFJCit~T= 0.003870 

REYNOLD~ ~ORMAL STRESS. UCOMPNT= 0,00827 

TABlE A2tJ·1l 

DIFFUStR ~0~ DIMENSIONAL LFNuTH : 5.0 

AX1•L PIST. fROM INLETIX) = ~.75<l INS. 

!~NtH WALL BLUE POSITION 

ED.Vl\. 
II(RQ•RI) 

0.0004 
O.OtlOil 
0.0015 
0.0018 
0.0019 
0.0020 
0.0020 
0.0019 
0.0017 
O.Otl17 
0.0020 
0.0026 
O.U024 
0.0027 
0.00711 

M I X L 
DEL* 
0. 1 0 
0. 1 s 
0.25 
0.28 
0.30 
0.34 
0. 57 
0,39 
0,40 
1),43 
0.~3 
0. 75 
0,7Q 
1 • 1 2 
3. 98 

MIX L 
(RO•RI) 
0.010 
0. 01 5 
0.0?5 
n.o28 
0,030 
0.034 
0.037 
0.039 
0.039 
0.1)43 
O.OS3 

'11,073 
0,079 
0. 11 2 
() • 39 7 

VCOMPNT= 0,00474 

N.D.D!ST.(X/Ll= 0.750 

D•LTA•= 0.1Ab 1~5. H= 1,65 RtYNOLPS NO.I8AStD ON THETA): 6418,6 

niST 
~-RI 

o.oso 
t) • 1 0 0 
0. 1 ~ u 
tt.20tl 
0.251! 
0 , 50 I) 
11,351! 
0,41)0 
1!,450 
o.soo 
o.~;v 
0. 6()(1 

ol,650 
t), 700 

Dl >I 
RO-RI 
0.030 
u.060 
0.1191) 
0. Ull 
o.1S1 
0,1!11 
0.211 
•) • 2 4 1 
0.271 
•l. 3!11 
0.351 
0.~1>1 

0. 3Y 2 
0. 422 

DU/UMAX 
DP 

1 • 9 61 
1 • 3 7 4 
1 . 460 
1 • 4 01 
1 • 1 77 
1),'167 
1),867 
0.833 
0.755 
O.S7S 
0.366 
O.?X3 
0.161) 
j). 037 

SHFAR 
STRESS 
11,0055 
O.OOJlO 
(),0092 
0.00'12 
0,\!084 
0.0071 
O.OOSil 
0.0047 
0.0031l 
0,0030 
o.oon 
0.0013 
O.Ou07 
0 • (I 0 (I '> 

Ol~SIPATION CUtFFICitNT= 0.0042G6 

tD.VIS. 
IJ.OEL* 

0.00!:\ 
0.017 
0.010 
0.112(1 
0.021 
0.022 
0.020 
0.1)17 
0.01~ 
0.016 
0.011< 
0. u 1 4 
•1.014 
,) • 0 4 4 

RFYNOif,', ~OR~IAt STR~SS. UCOMPNT= 0.110771 

ED.VIS. 
lJ(RQ-Rl) 

O.OOOR 
0.0018 
0.0019 
0.1)020 
O.Uil21 
0.002? 
1!.0020 
O.Ou17 
0.0015 
0.1)016 
0.0018 
0.0014 
0.0014 
0.0044 

MIX L 
DEL* 
t). 1 6 
0.27 
0.2R 
1).29 
I). 3 3 
u. 57 
0.37 
I). 55 
0.34 
0,40 
ll. ~ 4 
0.54 
11.71 
2.65 

M1K l 
(RO·RI) 
0,016 
0.028 
0.028 
0.029 
O,t\33 
0,037 
(1,1)37 
0.1)35 
0.03!> 
0,041 
0.054 
o.u~~ 

0.072 
0.269 

VCOMPNT= U,OOJ2? 



5Z3 

llltsl~ Alfl-1", 

l>lffll',f" r~o~ i•ll~tt,',JUNAI lfN(,JH' ~.U 

N.O,f)l~l.(X/1)= 0,'170 

INNtR WALL BLUt ~U~ITION 

D~LTA•= 0,194 INS. H= 1.69 REVNOLO~ NO.<BA~ED ON THETA>= 7011.7 

DIST 
~-RI 

n,osu 
I) , 1 0 lJ 
11,1)11 
11,20\1 
O,l'>U 
0. 3 0 ll 
'J. ~51) 
0,400 
0,450 
o,r;oo 
I>.'>~•J 
11, 6Uil 
(). 6)!1 

11.700 

D IS T 
~0-Rl 

0.0~7 

1) • 0' 4 
I),Q/!1 
0.1011 
0.13'> 
0. 1 6 2 
0.11111 
0.21(, 
0,24~ 
(),2/0 
I). 29 1 
0.324 
0,3)l 
0.~7" 

Dli/U11AX SHEAR 
STRESS 
0.004t> 
0,0068 
0. ou 84 
0. 0 09 2 
0,0095 
1),0091 
0,0081 
0,0066 
0.0049 
0.0035 
0,0027 
0.0022 
0,0011 
0,0008 

ED.VIS. ED.VIS. M I X L MIX L 
f)R 

7.023 
1 • 1 4 0 
1 • 1 7 8 
1 • 21 4 
1 • 1 ~ ~ 
1 • 01 6 
0,9)4 

0.910 
0,1114 
(),(-.44 
0. 4 71 
0,435 
0,48) 
0,040 

DISSIPATION CO~FFICIENT= 0,00431>3 

IJ.DEL* 
0.001> 
0.015 
0.018 
0.0~0 

0.022 
(I, 0 2 3 
0. 022 
0.019 
0.016 
0.014 
o.uH 
n.013 
0.009 
0.0~3 

REYNOLDS ~ORMAL STRES~. UCOMPNT= ti,OOK3~ 

TABLF A20-14 

DlfFU~fP ,ON DIME~SIONAL L~NGTH = 5,11 

AXI~L DIST. FROM INLET(X) = 4.85tl INS, 

INNER WALL bR~EN PIISITION 

U(RO-RI) 
0,0006 
0.0016 
o. 0019 
0,0021 
0,0023 
0,01)24 
0,0023 
0,0020 
0,001(-. 
0,001'; 
0,0015 
0,0!114 
0.1!010 
o.ooss 

D~L* 

0. 1 2 
0.26 
0.28 
0,29 
0,32 
0,34 
0,34 
0.32 
0 • .5 1 
0,34 
I), 0 0 
0.39 
0,31 
2.59 

(RO-RI) 
o.on 
0,028 
0,030 
0.030 
0.033 
0,036 
0,036 
0,034 
0.()33 
0.035 
0,041 
(l, 0 41 
0,033 
0,272 

VCOMPNT= 0.00379 

N,O,DIST.<X/Ll= 0,970 

DELTA•= 0,194 INS. H= 1.69 REYNOLDS NO,(BA~ED ON THETA)= 7011.7 

niST 
R-RI 
I) , 0 ~(I 
11,100 
0,1~0 

ol,20il 
•J. 2 5 () 
>1,300 
0.350 
0,400 
•I, 4 5 U 
0,500 
iJ,<;Stl 
11. 6 0 () 
0,6~0 

0.700 

~IS T 
~ll-RI 

ll. 0 ... 7 
0,054 
0,01!1 
u. 1 08 
0. 1 $ > 
ll,16l 
0. 1 !!9 
l). 216 
0.243 
0. 27tl 
(l • 29 7 

0.324 
0.352 
0.379 

DU/LIMA X 
OR 

2.02~ 

1 • 1 40 
1.17!l 
1 • 21 4 
1 • 1 2 5 
1.01t­
l) • \1 ~ 4 
(1,010 
0.!114 
11,644 
I), 4 77 
0.43'> 
1),485 
0.040 

SHEAR 
STRESS 
0,0054 
0.0069 
IJ,QORO 
O.OOR9 
(),1)093 
O,OORO 
0,0077 
0,0062 
0,0046 
1),003~ 

0.0024 
0,0017 
0,0()10 
0.0002 

DI~SIPATION COFFFICIENT= O,OU4.340 

FO,VIS. 
!I, DEL* 

0,01)7 
0.016 
0. 017 
0.019 
0.0~1 

0.023 
0,021 
(1,017 
0.014 
o.on 
0.013 
0,010 
0.005 
0.016 

R~YNOI.OS NORMAL STRFS~. UCOMP,JT= tl.IIIJII?7 

E:D,VIS. 
U(RO-RI) 

0.11007 
0,0016 
ll,0011l 
0.0020 
O,Oil?l 
0.0024 
0,01)22 
O.Uil1R 
0.0015 
0,0011, 
0,0014 
0,0011 
0,00()(, 
O,Oil1f> 

MIX L 
n~L* 

0. 1 3 
0.26 
o. n 
0,28 
0.31 
0.34 
0.34 
0. ~ 1 
0 • .30 
0.32 
0,37 
I). 3 5 
l) • 2 4 
1 • 4 2 

MIX l 
(R0-~1) 

ll,014 
O,tl2K 
0,0?9 
0.030 
0.1)33 
0.03) 
0,03~ 

0.•!33 
0 .•J32 
'J,J34 
'l.039 
,, • u 3 6 
o.u?'> 
v.1L9 

VCOMPNT= 0,011344 
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A X 1 A L Ill ~ T • ~ R f> M I NI t T ( X ) = 4. ll S 11 1 N S • N.il.ili~T.CX/Ll= U.Y70 

!N~ER WALL MEr PJ~ITIOh 

D~LTA•= 0,194 INS. H= 1 .6~ NtYNOLDS NO,(BASED ON THETA): 7011.7 

illST 
R-Rl 
I),O'iu 
0,1 Ot> 
ll,15ll 
11. 2 u tl 
l),25L) 

(I, 50 0 

•1, ~50 
0,400 
!) • 4 5 (J 

I},) 0 (I 
O,SS•l 
11,1>00 
I) , I'> 5 ll 
11. 70 n 

I) IS T 
RO-RI 
ll. ou 
O,OS4 
0.081 
11,10!1 
0. 1 3 5 
0.162 
0. 1119 
0,211> 
ll , 2 4 5 
1). 270 
1),297 
0.324 
u.3Sl 
0.379 

DIJ/liMAX 
OR 

?,023 
1 . 1 4 0 
1 • 11 K 
1 • 21 4 
1 • 1 2; 
1 • 01 6 
0,954 
0,'110 
ll,K14 
0,644 
11,477 
o.43S 
1!,4t\S 
1). 040 

SHEAR 
STRI:SS 
O,Oll42 
0.006!> 
0.0084 
(1,0(194 
0,00'16 
0,0090 
0. 00111 
0,006H 
O.OuSS 
0.0043 
0.0032 
0,00?3 
0,0013 
0.0003 

ED.VIS, 
IJ,OtL* 

0.005 
O.u1S 
0,0111 
o.u<o 
o. oa 
0.023 
0. 02? 
0.01'1 
0.017 
0.017 
0.017 
0.013 
0.007 
0.01<,. 

DISSIPATION COE:FFICII:NT= 0,0043'i2 

REYNOlDS NORMAL STRFSS. UCOMPNT= 11,009'11 

TAflU A20-16 

DIFFUSEP NON DIMENSIONAL LENGTH = S.O 

AOAL DIST. FROM lt~~LET<Xl = 3,000 INS. 

OUIEk WPLL bLUE PuSITION 

~D. VIS. 
U(RO-Rll 

O,OOOf> 
0,0016 
0.001'1 
0.0021 
0. Otl23 
0.0024 
0.0023 
0.0020 
O.!JOHI 
0.00111 
0.0011\ 
0.0014 
O.Oil07 
0,0020 

MIX l 
DEL* 
0. 1 2 
0.26 
0.21! 
0.29 
0,32 
0,34 
0,34 
0.33 
0.33 
0.37 
0,43 
0.40 
0.27 
, . 57 

MIX L 
(1!0-~1) 

0. 01 2 
0. 027 
0,1)30 
O,IJ31 
0.033 
0.036 
0.031> 
0,03~ 

0.05~ 

0.03'1 
0.045 
0.047 
0. tl 79 
0 .16~ 

VCOMPNT= 0,00566 

N.D.OIST.IX/ll= O.~!JO 

O~LTA•= 0.05~ INS. H= 1,30 REYNOLDS NO,IBASfO ON THETA): 3S37.8 

OIST 
~o-~ 

ll,02~ 

0,05:) 
n.07~ 

0.100 
1).12~ 

11,15fl 
0,200 
o.25v 
I), ~ Q 0 
(>,350 
(),40(• 
1),450 
0,500 

DIST 
RO-kl 
1),01~ 

0.0~0 

0,075 
I) , 1 0 () 
(). 1 2' 
0.1~0 
0.200 
o.z~o 
0. ~()IJ 
0 • 3 ',, 
o.4uO 
0.4~0 
0,501) 

011/liMAX 
DR 

~ • 19 6 
2.~64 

1 • ~52 
1 • 19 4 
1 • 0 3 4 
1),901 
0.64Q 
0.517 
U,447 
0,303 
0. 179 
,) • 1 u 1 
I) , Q 2 3 

SHEAR 
STRESS 
0,002~ 

0. 0025 
(),0025 
0,0024 
o.nozz 
0.002(1 
0.0017 
0.0015 
0,0011 
0,0007 
0.00011 
0.0007 
o.oooo 

DISSIPATION CIJtFF!CIENT= 0,001293 

EO. VIS. 
ll.l•EL• 

0.004 
0.00\1 
n.o1s 
O.tl11' 
0.019 
o.uzo 
0.024 
0,1)l6 
0.1)22 
0.020 
u.t>Z~:~ 

O.tl17 
0,1)17 

RFYNOLD~ NIJRM>\L STRFSS. UCOMPNT= 0,0014~ 

ED.VIS. 
II(RO-RI) 

0.000? 
0.0005 
O.OOOR 
0.0010 
0.0010 
0.0011 
O,Oil13 
0.0014 
0.0012 
0,0011 
0.0011> 
0.00(19 
0,0009 

MIX l 
OEL* 
0.12 
0.25 
'),41 
0.52 
n.~ll 
0,63 
IJ.i!2 
tl,QS 
11,'.14 
, • 11 
, • 69 
1 • 74 
3,61 

M I X L 
(R0-~11 

0. ~ (• 7 
0,014 
0.0?3 
0.029 
0. 1) 3 2 
0.035 
O.u4S 
11.052 
n.u~1 
(J • 0 6 i 
U,tl'l3 
0. t)Q(' 

(1,19!1 

VCOMP~T= 0.00070 
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l~IHr A{ll-1{ 

Ill I I !I'· I I' ~ () N t> I M r N \ I () N A I 11 NI >I 11 : ~ • 11 

A ' I A L I >I '>I • I llll.., I N I t l ( X} - L f\ (I 0 I N '> • N.t•.DI\1.\Xill• <l.601l 

I)IJlfR WALL \•~1 tN l'llSITION 

DFLTA•= 0.0~~ INS. H= 1.~11 RtYNOLDS NO.IBAStO ON THETA)• 3537.~ 

n 1 '>1 
~U-R 

I) • 0 l ~ 
u.os" 
o.07'> 
0.10(1 
I) 0 1 2 ~ 
ll.150 
ll.lOII 
0.25(1 
11 • ~ 0 (• 
o) • ~ 5 (I 

11.4011 
I]. 4 5 (I 

o.~OII 

D I S 1 
Rfl-RI 
0.0<~ 
l) • 0 ~ l) 

0. 0 7 5 
0.11!0 
0.1<'> 
0.1~1) 

0.2tlll 
0.2'>0 
0 • ~ u 1) 

Q • 3 ~I) 
0. 4\1 •) 
•J. 4~1) 
l) • 5 (I 0 

DIJ/UMAX 
DR 

~.1<;1'-

2.'>64 
1.'>52 
1 • 1 9 4 

1. 034 
1) • "0 1 
o.1>4CJ 
u.'>17 
0.447 
0.\03 
<1.17'1 
1).101 
0.02~ 

SHFAR 
STRrSS 
0.0025 
u. (I u 2 4 
0.1>025 
0.0025 
0.00?4 
0.0022 
0.001'1 
0.0017 
0 • {1 0 1 3 
0.000'­
o.nuu? 
o.noo3 
<l.(l\l\)1 

FO.VIS. 
'I.DtL* 

0. {)()4 

O.OIIY 
0.015 
0.019 
0. 0 21 
o.on 
0.027 
0.030 
0.02~ 

ll. ou 
0.0~6 

0.030 
0.051 

DI~SIPAliON CUtFFICitNT• 0.001320 

RFYNULPS NORMAL STRFSS. UrOMPNT• 0.001~9 

TABLf A20-111 

OIFFUS~R ~ON DIMENSIONAL LtNGTH • ~.0 

AXIAL OIST. FROM INLETIXl • ).0011 INS. 

OUTER w•LL AtO POSITION 

ED.VIS. 
II{QO-RI) 

0.0001 
o.oooc. 
0.000/S 
0.0011 
0.0011 
0.0012 
0.001S 
0. UOH 
0.0014 
0.001'> 
0.007(1 
0.0017 
0.002!< 

MIX L 
DEL* 
I) • 1 2 
0.25 
0.42 
0.54 
0. 61 
0.67 
0. R7 
1 • (J 2 
, • 0 3 
, • 2 7 
1 • 9 1 
?.~' 
6. 3, 

"'IX L 
(RO-RI l 
0. 0 (I 7 
0. 01 4 
0.023 
0.030 
0.033 
0.037 
0.04~ 

0.0)~ 

o.o;7 
0.070 
0 • 1 (1 5 
0.1(~ 

0. 3 4 7 

VCOMPNT• 0.00090 

N.D.DIST.IX/Ll= 0.600 

DFLTA•= 0.05~ INS. H= 1.30 REY~OLIIS NU.IBASED ON THETA)• 3537.6 

ll I q 
All-R 
o.oz~ 

u.n5u 
.1.07~ 

0.10•) 
11.12~ 

•1.1,•) 
o) • 7 011 

'). 2 ~ 0 
•l • ~ 0" 
11. ~"" 
11.400 
11.4'>11 

DJST 
RO-Rl 
0.02~ 

0.0,0 
0.01~ 
ll.1Ufl 
v.1~'> 
.).1)0 
<l.?Uil 
') . 2' <l 
l). 3 0 ll 
I) • ~ ~ 11 
1). 40 0 
0.4~<) 

DU/UMAX 
DR 

~. 19 6 
2.564 
1.,'>2 
1 • 1 9 4 
1 • 0 H 
0.'101 
<1.649 
\).~17 

11. 4 4 7 
U.)O) 
,, • 1 79 
1).101 

~HEAR 

~TRESS 

0.00?3 
0.00?3 
0.0025 
Q • {I 0 2 5 
O.fl0?4 
1).00?2 
11.001" 
ll • 0 () 1 5 
1).{1011 
0.001l<J 
0.0006 
11.00(13 

D!SSIPATIU~ L~~FFIC!ENT= 0.1!01~~3 

cD.VIS. lD.VIS. 
U.DEL* 

0 .(){)4 

0. 1)0!< 
0.01~ 
ll.019 
0.021 
0.017 
(l • 0 2" 
ii.U27 
o.ol? 
0.0~" 

n.utli 
0.025 

L>I"O-Rl) 
0.0002 
o.ono5 
O.OOOR 
0.0010 
n.OU11 
ll.Oil12 
fi.OII15 
ll.U01') 
0.001? 
O.OU14 
0.001~ 

0.0014 

r.;1x L 
~EL* 

() • 1 2 
fl.24 
0.42 
0.54 
0.60 
0.1,7 
0.<16 
0.~7 

0.';5 
1 • 2 4 

1 • 69 
{. H 

M IX L 
(RO-•Il 

0 • 01 7 
0. 01 3 
0.023 
0.03(1 
0.033 
n • ._, 3 7 
0.'14{ 
n.u~4 

('.11'>2 
o.ot~ 

1'.0"3 
0.117 

VCOWPNT= 0.1JOU7~ 

L_ __________________________________________ ___ 
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A~IAL /.!ST. f.iClM INLET()) = 0.7~0 JN>. N.O.DI'l.<X/Ll= 0.1~0 

OlllER wALL RLUE p(JqTION 

DELTA•= 0,090 INS, H= 1,4<1 RtYNOLil~ NCJ. (BA~fD ON THFTAl= 4713.6 

OIST 
R(I-R 
n.O~II 
(J,07'J 
(I, 1 U 0 
11 • 1 2 ~ 
•l. 1 sn 
{I. 2 0 u 
(),{~1! 

11,300 
) • 3 ~ u 
11. 40 t) 
(I, 4 51) 
tl,S011 
tl.S~o 

D I <;T 

~0-RI 

•J. 044 
·l.tlo~> 

·l. Oil~ 
I) • 1 1 1 
I) • 1 3 -~ 
1) • 1 17 
11.221 
0,26'> 
tl,$10 
0, ~~4 
U,391l 
0,442 
U,4!l7 

Dti/UMAX SHEPR 
STRESS 
{1,00119 
0,11063 
O,Oll~<i 

0, 0(12{ 
O.Ou1 S 
O,OU1S 
0,0016 
0.0013 
1),0010 
'). 1)00" 

o.ouu7 
(},00()4 

0,0003 

tD.VIS. ED.VIS. M I X l 
~El* 

0 • 1 8 
ll. 2 3 
1),26 
0.2R 
0.29 
0.36 
0.42 
0.46 
0.~3 

0.62 
0.62 
0,1:>4 
1. 0 3 

..,IX L 
DP 

4,1192 
<.719 
1 • 8 4 ~ 
1. '34 
1.051> 
I), f\ 4 7 
t), 7 4X 
0,610 
'.1,4611 
tJ.3K~ 
0,344 
11,244 
,, • 1 28 

II.DEI.* 
0.01? 
0.013 
(I • 1) 1 ( 
0.009 
0,1)08 
o.UH1 

U.01? 
0,012 
u.u1l 
0. 01 3 
tl.U1? 
o.ooo 
0.012 

DISSIPATION LOfFfiCIENT= 0,003794 

REYNOt~S ~OR~AL STRFSS. UCOMPNT= 0,00309 

TABLE A211-?0 

DIFFUS~R ~ON DI~ENSIONAL LFNLTH = ~.0 

AXIAL DIST, ~~0~ INLfTIX) = 1,3Sd IN~. 

OIJTER \.IALL ULLIE pQqTIO~ 

l/(PO-RI) 
O.U0111 
0.0010 
0.0009 
0.0007 
0.0006 
C1, O()Oh 

0. 0(109 
0. 01)09 
0,0009 
0,0011 
0.00119 
0,0007 
0.0010 

(RO-Ril 
(),014 
IJ.01il 
0. 0 21 
0.02? 
0.023 
0.02~ 

0.033 
o.u37 
0,042 
0,\)49 
0,1)40 

0.051 
0,082 

VCOMPNT= 0.00230 

N,O,DIST.(X/Ll= 0.270 

Of-LTA•= 0,12u INS. H= 1.6'1 R~YNOLD~ NO,(BAS!-D ON THfTAl= 5130.4 

DIST 
RO-R 
o.o~n 
(I , 0 7 S 
0,1\)0 
0,12'> 
11,150 
11,201• 

1),2511 
0,3011 
11,35!1 
11,400 
0,4511 
0,':>00 
11,550 
1),600 

0 IS 1 
~o-n 

,) • 0 4 0 
\l,Obti 

O,Ob1 
0. 1 01 
.), 111 
f). 1 61 
0,?11? 
ll,242 
IJ. 21'2 
0. 3<'3 

u. '6' 
0, 4 (I 3 
\),444 
(),4114 

011/LIMAX 
D~ 

~.706 

s.?6X 
2. 77 2 
2.288 
1 • 1\ ~ 7 
1.?21> 
o.kh6 
tl,73'> 
0.657 
(1,~74 

ll.46'> 
!1,>41 
to,?O~ 
{1,(11<; 

SH!:AR 
STRESS 
0,007'1 
0,00117 
Q,IIOil3 
0.0071 
0.00~5 
0. 0 0 ?'I 
0,001!\ 
0,0019 
1),0020 
f),OU15 
o. nu o9 
0,0007 
IJ,OOO<l 
o.ooos 

DISSIPATION COEFFICIENT= O,OU3~20 

f:D.VIS. 
!I.PEL• 

0,110'< 
0,011 
o.on 
(1,013 
0,012 
0,01(\ 
0.0119 
0,011 
0.01? 
0.011 
0.0011 
0.0118 
0.01!1 
o .1 n 

"FYNOLI•S 'HlRMAL STRFS~. UCOMP~T= tl.OU443 

I:D.VIS. 
l/(~0-RI) 

0.0009 
0.0011 
0.001? 
0.0•113 
O.Uil12 
0.0010 
0.000?. 
0.0010 
0,0012 
0.0011 
O,OOIIR 
O.OOOK 
0.0017 
0,0111\ 

M IX L 
D ~ l • 

" . 1 4 
n. 1 7 
0. 1 9 
(o. 2 2 
0,24 
0,26 
0. 29 
ll.3'> 
li. 4 0 
I 1 • <+ lJ 
,, . 37 
,, • 4 '> 
0,!\S 
7.39 

MIX L 
(~0-RI) 

0.014 
0. 01 6 
0.019 
0,021 
0.023 
0.025 
n.o28 
(1, 034 
0.03'1 
(1,039 
0,036 
0,043 
0,083 
n. 71 s 

VCO~PNT= 0.0112411 
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TABLE A21•-21 

OlfFU~~P NON 0IMENSIONAl LfNGTh = S.ll 

AXI~l rl\1, I~UM INlfT<X) = 1.9~11 IN~. ~, 0. 0 I~ 1. <X /l > = 0. 3~ 0 

O•llfk wAlL Blltf PO~ITICIN 

IJfiTA•= 0.1'>1 1~!>. H= 1.'11 WtYNOLI>\ NU.(RA~ED ON THETA)= ~627.4 

1J I ~ T 
~n-R 

o. OSv 
(I , 1 0 il 
'1.12'> 
0. 1 50 
1),17'> 
V,?OU 
n,25ll 
0,300 
0 • .550 
0,400 
0. 45•) 
0,500 
(1,'>50 
1),60\l 
·), 65 u 

IJI<;J 
RO-W! 
\1.031 
1.074 
•). OY 3 
•1.112 
•),131) 
0. 1 49 
0,1116 
0,?.!3 
0.260 
0.298 
0.335 
1) • 3 7 2 
0,409 
0,446 
0,4!<4 

011/IIMAX ~HEAW 

STWESS 
0,0051 
0,0081\ 
0.009'> 
0,0094 
•J. 0086 
0.0076 
0.0052 
0.0034 
0.0025 
O,il023 
0.0022 
0,0011'< 
0.0013 
0,0009 
0,0006 

fO.VIS. FD.VIS. MIX l 
DEL* 
0. 1 2 
0. 1 7 
0., 8 
0. 1 9 
0. 1 9 
0.20 
0.23 
0.26 
0.30 
0.33 
0.37 
1).41 
0.49 
0.59 
1 • 51 

MIX L 
ow 

t.oS2 
2.)47 
2. 477 
2.344 
? • 1 5 () 
1. 913 
1.410 
1 • 0 0 ~ 
0.764 
0.649 
11, 57 3 
11.467 
0. 3 31 
il. us 
1),07~ 

DI&SIPATION LOFFFICIENT= 0,004575 

U.llEL• 
0.006 
O,il11 
0,012 
0.013 
0,1)13 
0,1)13 
0.U12 
0.011 
0,1)11 
0.011 
0. 1)12 
0.012 
0,012 
0.012 
o.oa 

WFYNOIP~ ~ORMAl STRFSS. UCOMPNT= 11,00567 

TABL~ AZ0-2£ 

DIFFUSER NON DIME~SIONAL LFNGTH = ~.U 

AXIAL DIST, FROM I~LtTIX) = 1,950 INS, 

OllTER WALL uHEN POSITION 

U(HO-Rl) 
0.0007 
0.0013 
11,0014 
0.0015 
0.0015 
0.0015 
0.0014 
0.0013 
o. 0012 
0,0013 
0.0014 
0.0015 
0.001~ 
0,0014 
0,01)31 

(RO-Ril 
0. 01 4 
0.019 
0.0?1 
0. 02? 
0.023 
0.024 
0.0.?7 
0.050 
0,03~ 

0.039 
0,1)/.j 

0.1)48 
0.057 
O.Ot-8 
0. 1 7 7 

VCOMPNT= 0. 00314 

N.D.DIST.IX/Ll= 0,390 

DFLTA*= 0,157 INS. H= 1.91 REYNOLDS NO.<BASED ON THETA)= 56(7.4 

fJ I S T 
RO~R 

'1.0~11 
0, 1 011 

.1,12) 
0,150 
0,17'> 
11 , 2 0 (I 
(). 2)11 
0,3011 
0,3511 
0. 40•1 
0,4511 
I) , 50 (I 
n. 5511 
(1,60•1 
0,650 

OIST 
RO-RI 
0,037 
0,074 
0. 0\1 ~ 
v. 11 2 
tl,1311 
0,14'< 
0,1!\6 
o.zc~ 
0.260 
0, 2Y ll 
0. 53~ 
u. 372 
0.409 
!),44'> 
0.4b4 

DUI LIMA X 
DW 

2.652 
2.547 
2. 4 77 
2.344 
~. 1 50 
1.<113 
1 • 41 0 
1 • 0 0 5 
0.764 
O.ll49 
0.~73 
0,1,67 
0. ~ 31 
0. 225 
0,075 

SHEAR 
STWESS 
0,0044 
0.0083 
0,0092 
0.0093 
O,OORR 
o. 007/:1 
0.0055 
0,0037 
0.0027 
(1,0024 
0,0023 
0.0020 
0,0015 
0,0010 
0.0007 

DISSIPATION [O~FFICIENT= 0.004490 

~D. VIS. 
II,DEL• 

O.IJUS 
0,010 
0,1)12 
0. 013 
(1,013 
0.013 
0.012 
0. 01 2 
0,011 
0. 01 2 
0.013 
0.01/. 
0.014 
0,(}14 
0.0.~1 

REYNUIP~ ~OPMil STRf&~. UCOMPNT= ~.IIO~X7 

!:O.V!S. 
Lt(RO-RI) 

O.OOOf> 
0.0012 
0.0014 
0.001~ 

0.0015 
O,Otl15 
0.0015 
0.0014 
0.0t)13 
0.0014 
0,01)1) 
0.0016 
0.0(J17 
0,0(111> 
0.0036 

MIX l 
DEL* 
0. 1, 
0. 1 6 
0. 1 7 
0. 19 
0.20 
0. 21 
0.24 
0. 27 
0,31 
0.34 
0.3!! 
0,43 
0.">2 
0.63 
1 • 6 2 

t<'IX L 
(RO-PI )' 
0,1)13 
0.019 
O.IJ?O 
0.022 
11,023 
11,,)24 
(l,i)21l 

11.032 
11,036 
(I , 0 4 0 
0.044 
u.nso 
0.061 
0.075 
0. 19 0 

VCOMPNT= 0.00566 
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TASL E A20-25 

DI~FU\~R ~ON OIME~SIONftL LENGTH = 5.11 

A X I ~ L P I S T • f R (l M I N L ET ( X ) = 1 • 9 5 11 I N S • N.D.DI~l.(X/1 ): 0.3110 

tlllllll WALl ~If> Ptl~ITIUN 

D I I 1 A* = U . 1 •, T I N ~ . 11• 1 . 'I 1 R l Y N 0 L ll ~ N 0 . ( BA~£ 0 () N I HI I A ) : ~I> £7. 4 

nJ~l 

RU-H 
0,1)5(1 
1),100 
1>. 1 z~ 
I}, 1 50 
0,17') 
(J,20ll 
0,250 
0.300 
n • 3 SIJ 
n. 4 o o 
0 • 4 5 I} 

n. soo 
0.550 
0, ADO 

nl q 
RO-HI 
I). 05 7 
o. or 4 
0. 01! 3 
0. 1 1 2 
0.130 
1),1411 
1),186 
0.723 
0.260 
u.291l 
0.335 
0. 372 
0.409 
0.446 

()11/llf.IAX 
DH 

2.1>52 
2.~47 

~' 471 
2.>44 
2.1~0 

1 . 91 3 
1 • 41 0 
1.005 
0.764 
0.649 
0.573 
I), 46 7 
0. B1 
0,225 

~HFAR 

~TRESS 

0.0047 
0,00110 
0.0084 
0.008(1 
fl,0071 
0.0061 
0,0042 
0.0031 
0.0026 
0.0021 
0.0016 
0.0011 
0.0001\ 
0.0004 

HI. VIS. 
IJ,l,~L* 

0,001:> 
0,010 
0,011 
0.011 
0. 011 
0,010 
0,009 
0.010 
0,011 
0,011 
0. 0 1}9 
O,Olii< 
o.ovR 
0,006 

DISSIPATioN tOrFFICIENT= 0.003964 

REYNOLD~ ~ORMAL ST~ESS. UCOMPNT= 0,00~74 

TABLE A20-24 

DI~FUSfR ~ON DIMENSIONAL LENGTH = 5,0 

AXIAL DJST, ~ROM INLETCXI = 2.550 IN~. 

OUTER WALL BLUE POSITION 

EO. VIS. 
UCRO-RI) 

0.0007 
0.0012 
0. 01lB 
0,0013 
0,0012 
0.0012 
0.0011 
0,0011 
o.oon 
0.0012 
0,0010 
0,0009 
0.0010 
0.0007 

MIX l 
OEL* 
0. i 2 
f) • 1 6 
0. 1 7 
0. 1 7 
0. 1 8 
0. 1 8 
0. 21 
0.25 
0.30 
0.32 
0. 31 
0,32 
0.40 
0.41 

tot I X l 
(RO-RI) 
0. 01 4 
0.018 
0.019 
0.020 
0.021 
0.021 
0.024 
0.029 
0.1)35 
0.037 
0.037 
0.038 
0.046 
0.048 

VCOMPNT= 0.00104 

N.D.DIST.<X/Ll= 0.~10 

DELTA•= 0.209 INS. H= 2.12 REYNOLDS NO,(SASFD ON THETA)= 6527.3 

~1ST 

RO-R 
o.o~u 
0,100 
11,1511 
0,200 
0.2Sll 
o.>oo 
n.s~o 
n,40ll 
o,4Su 
0,5011 
o.~SIJ 
fi,I-011 
0,650 
() , 7 0 (I 
n. 75o 

DJ q 
R 0- RJ 
0.033 
o.Ob7 
0.100 
0.153 
•1.1o7 
0,200 
1).253 
J. 26 7 
0.300 
•). 33 3 
0.367 
(), 400 
0.43> 
0.467 
0.500 

DU/l!MAX 
OR 

1, R89 
1 . Q 0~ 

2.045 
2.003 
1.77(1 
1. 453 
1 • 1 56 
0. 9 31 
0. 77 3 
ll. 64.~ 
1).~12 

ll.381\ 
11,310 
0,275 
O.Ob3 

SHEAR 
STRESS 
0,0029 
0,0049 
0.0071\ 
0.0097 
0,0096 
0.007'i 
u.oosn 
0.0032 
0.0025 
0,0024 
0.002? 
0.0014 
0.00()7 
0.0010 
0.0002 

DI5SIP~TION [O~FFIClfNT= 0,004725 

ED.VIS. 
II,DEL• 

0,004 
0,006 
0,009 
0,01? 
(1,013 
fJ,012 
O,OiU 
0,001\ 
0.00!\ 
0,009 
0.010 
0,009 
(1,01)5 
O.OJk 
0.009 

MFYNULfl< NORMAl STRE5S. UCOMPNT= U,ll1114 

ED.VIS. 
U(R0-~1) 

o.ooos 
0.0009 
0.0013 
0,0016 
0.001H 
0,0017 
0,0014 
0,0011 
0,0011 
0,0013 
0.0014 
0.0017 
0,0007 
0,0111? 
0,0013 

M I X L 
DEL* 
0. 1 0 
(). 1 2 
0 • 1 '5 
0.17 
u. 1 9 
fl.20 
0. 21 
0. 2 0 
0.22 
0.?6 
0. 31 
0.32 
0.28 
0.3b 
0,{1, 

MIX L 
(RO-Pil 
0.014 
0.017 
0.020 
0.023 
f). 0 2 6 
11.028 
0.029 
0.029 
ll.030 
0.036 
0.043 
0.045 
0.039 
0,054 
0. 1, 5 

VCOMPNT= 0.00168 
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TAHI f- A?ll·?~ 

AXIAL DIST, FkfiM INUT(Xl = S.1~1l IN~. 

OUTER WALL BLUE ~051TION 

DELTA*= 0.262 INS. H= 2.38 RtYNOLDS NO,(BASFD ON THETA>= 7073.2 

!liST 
llO-Il 
0,050 
0.100 
0,1)0 
0,200 
1),250 
0,300 
0.3~0 
0,400 
0,45u 
n.suo 
0,';~0 

0,600 
11,6';0 
0.701\ 
0,7511 
0.110\1 

DIST 
RO·RI 
0.031 
O,Ool 
0,094 
0,125 
0.156 
(),187 
!),71\1 
0,2,0 
0,281 
1),313 
0.344 
0,37~ 

0.406 
0.437 
0,4o9 
0,,{)() 

DU/UMAX 
DR 

1 • 29 3 
1 • 409 
1 • 6 3 3 
1. 778 
1 • 79 4 
1 . 698 
1 • 5 29 
1 • 3 2 5 
1.113 
0,90!1 
ll. 71 8 
0.'>56 
0.432 
0.~52 
0.793 
0. 1 21 

SHEAR 
STRESS 
0,0023 
0,0033 
0,0052 
0,0074 
0,0090 
O,OOQ4 
0.0085 
0,0069 
0,0051 
0.0037 
0,0027 
0,0023 
0.0020 
0.001~ 
0,0010 
0,0004 

DISSIPATION CO~FFICIENT= 0,004932 

ED.VIS, 
li.DEL* 

0.003 
0,0(15 
0.006 
0,001\ 
0.01(1 
0.011 
0.011 
0.010 
0.009 
0.008 
0.007 
0.001! 
0.009 
0.001\ 
0,006 
0.007 

RFYNOLOS NORMAL STRESS. UCOMPNT= 0,01136 

TABLE A20-26 

DIFFUSEP NON DIME~SIONAL LENGTH = 5,0 

AXIAL DIST. FROM INLET(X) = 3.150 IN~. 

OUTFR WALL GREEN POSITION 

ED.VIS. 
U(RO-Rll 

0,0006 
0.0007 
0.0010 
0.0013 
0.0016 
0.0017 
0.0017 
0.0016 
0,0014 
o.oon 
0.0012 
0.0013 
0.0014 
0.0014 
0.0010 
0.0012 

MIX L 
DEL• 
0. 1 0 
0.11 
0. 1 2 
0. 1 3 
0.14 
0. 1 5 
0.16 
0. 1 7 
0. 1 7 
0. 1 8 
0.20 
0.23 
0.28 
0,30 
0.211 
0.47 

MIX L 
(RO-RI) 
0.016 
0.018 
0.020 
0.021 
0,023 
0.025 
0. 027 
0.028 
0.028 
0,029 
0.032 
0.038 
0,045 
0,04<1 
0,047 
0.078 

VCOMPNT= 0.00311 

N.D,DIST.(X/Ll= 0.630 

DELTA*• 0.2~~ INS. H= 2.38 REYNOLDS NO.<BASED ON THETA>= 7073.2 

OIH 
RO-R 
0,050 
0.100 
0,150 
0.200 
0.250 
0.300 
0,350 
0,40() 
0.450 
0,500 
0.550 
0,6(!1) 
0,650 
1),70() 
0.750 
il,l\00 

DIST 
RO-RI 
0.0~1 
0,063 
O,(l\14 
0. 1 2 ~ 
0. 1 ~ 6 
0.187 
0.21\1 
0,250 
0.21:!1 
0.313 
0.344 
0.375 
0.406 
0,437 
o.4o9 
0.~()0 

DU/UMAX 
DR 

1 . 29 3 
1 • 4 09 
1 • 6 3 3 
1. 778 
1 • 79 4 
1,h9il 
1 • 5 29 
1 • 3 2 5 
1.113 
0. 908 
0.718 
0.551> 
0.432 
0.352 
0,?93 
0. 1 21 

SHEAR 
STRE~S 

o,OOlO 
0,0038 
O,OOf>O 
0. 00 79 
0.001!9 
0,0089 
0,0080 
0.0066 
0.00~? 
0,003\1 
0,0030 
.(),0023 
0,0017 
0,0012 
o.noots 
0,0006 

DISSIPATION lllfH!CitNT= 0,004\145 

EO. VIS. 
ll,DEL• 

0.003 
0,005 
0.007 
0,008 
0.010 
0.010 
0.010 
0.010 
0.009 
0,0111\ 
0,008 
0,001\ 
0.001\ 
0.007 
0.005 
0,009 

RFYNOID~ NORMAl ~TRFSS. UCOMPNT= 1!,01117 
' 

EO. VIS. 
U(RO•RI) 

0.0005 
n.uoos 
0.0012 
0.0014 
0.0016 
0.0016 
0,0016 
0,0016 
0,001~ 

0.0014 
0.0013 
0,0013 
0,0013 
0.0011 
O.OOOf! 
0.0014 

MIX L 
DEL• 
O,OQ 
0. 1 2 
0. 1 3 
0. 1 4 
0.14 
0., 5 
0. 1 6 
0. 1 7 
0.17 
I) , 1 9 
0.21 
I), t ~ 
0,26 
(). 2 7 
0,26 
o.~:s 

MIX L 
(RO-RI) 
0,01~ 

0.01<1 
0.021 
0. 022 
0,023 
0.02'> 
0.026 
0.027 
0.02<1 
0.031 
0.03t. 
0.031l 
0.0~3 

0,044 
0.042 
O.OBt> 

VCOMPNT= 0,00626 
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TAHLf· A?<>-/1 

IIIIIU',J~ I'JIJN IJ!MlN'.IONAI LfN~TI' ~ ~.11 

A x I A l 0 1 ~ [ • ~ ~(I M I N lt T ( X l = 3 • 7 ~ 11 I N '> • N.O,PIST.(X/Ll• 0.1~0 

QIITEH >•~LL BLUE POSITION 

DFLTA•= 0,329 INS. H• 2.68 R~YNOLDS NO.<BASEO 0~ THETAJ= 7740.0 

"I S T 
qu-R 
I) , 0 ~ (J 
11,10(1 
'1.150 
n.zoo 
D.ZSU 
1!,300 
•l.'>SU 
u.40u 
0,450 
o.~O<l 

0.~50 

n • " o '' 
11,650 
'l, 700 
•1.750 

oJq 
~O-R! 

0.029 
O.O~<l 

<l.081l 
0,11/l 
0,147 
0. 1 /6 
0,206 
0.23~ 

!) • 265 
o. z-. 4 
0.~24 

0 • 3 5 -~ 
0.31l2 
0. 4U 
0.441 

011/IIMAX 
DR 

0.882 
1 . 09 7 
1. 21\0 
1. 424 
1 . 52 3 
1 • 5 69 
1 • 56 2 
1 • 499 
1 • 3~ 5 
1 • 2 3 2 
1 • 0 54 
u.872 
11,70~ 

0,579 
0,487 

SH~AR 

STRESS 
0,0010 
0,002(1 
0,00~6 

0,0058 
0,0080 
I), 0099 
0,0108 
0 • <) 1 0 6 
0.0092 
0,0070 
0,0048 
0,003L> 
0,0021 
0,0019 
0.0019 

ED.VIS. 
II,DEL* 

0.002 
0.003 
0,01)4 

0,006 
0.008 
0,01() 
0. 011 
0. 011 
0,010 
0. 0 <)9 
!'.007 
0.005 
0,004 
0.005 
0.006 

DISSIPATION CO~FFICIENT= 0,005500 

REYNOLOS NORMAL STRESS, UCOMPNT= 0,01290 

TABLE A2<l-28 

DIFFUSER NON DIMENSIONAL LENGTH = 5,0 

AXIAL DIST. ~ROM INLET<Xl = 4.850 INS. 

OUTER WPLL BLUE POSITION 

ED.VIS. 
li(RO-RI) 

0.0003 
o.ooo~ 
O,OOOH 
0.0012 
0,0016 
0,0019 
0,0020 
0,0021 
0,0019 
0,0017 
0,0013 
0,0010 
0,0009 
0,0010 
0.0012 

MIX L 
DEL* 
0.08 
0.09 
0.10 
0.11 
0. 1 3 
0. 1 4 
() • 1 4 
0. 1 5 
0. 1 5 
0. 1 5 
0.14 
0. 1 4 
0. 1 4 
0. 1 6 
0. 19 

MIX L 
\RO-RI) 
0. 01 5 
0.017 
0,0?0 
0. 0?2 
0.025 
0,0?6 
0,028 
(1,0?9 
0.0?9 
0,0(1' 
o. 0?7 
0.0(6 
o. on 
0.031 
0.1!38 

VCOMPNT= 0,00~56 

N,D,DIST.(X/LJ• 0.970 

DFLTA•• 0,487 INS. H= 3,52 REYNOLDS NO.<BASED ON THETAJ= 8414.0 

OIST 
RO-R 
o.o~o 
o.10u 
0,1)0 
0,?011 
ll. 2 50 
11. ~ 0 u 
!1,)50 
0,400 
n.4~o 

u.Sou 
0,550 
(I , 6 0 0 
n.I:J50 
0,700 
11, 75<) 
0,1100 
\1.1150 
:>.'10() 

OISl 
RO-RI 
0. 027 
0.0)4 
0,0111 
il.10K 
•).13~ 

0. 1 6 2 
0. 1 89 
0,216 
0.243 
0. 270 
0. ?9 7 
0. ~ 2 4 
1).~52 

0,37'1 
0.406 
0,433 
0.460 
0.487 

DU/IJMAX 
OR 

0,133 
0,317 
0.601 
O.P.42 
1 • 0 00 
1 • 0 811 
1 • 1 39 
1 • 1 8 5 
1 • 2 44 
1 • 31 5 
1 • 382 
1 • 419 
1 . 401 
1 • 31 3 
1 • 1 5 ~ 
0,950 
0.737 
0,560 

SHF.AR 
STRESS 
0.0002 
0,000( 
0,0007 
0,0017 
0,00)1 
0,0047 
0,0065 
0,008? 
0.0098 
0.0111 
0,011v 
0,0121 
0,0116 
0.0104 
0,0087 
0.0061> 
0.0046 
0,0030 

DJ;SIPAliON COEFfiCIENT= 0,0070~2 

~D. VIS. 
U.OEL* 
0.001 
0. 0 01 
0.001 
0,002 
0,0113 
0.004 
0,006 
0,007 
0.001< 
0. 009 
0.009 
0.009 
0.00'1 
0.0111< 
0.008 
0.007 
0,001> 
0.0116 

RfYNOL~S NUNMAI STRFS~. UCOMPNT= U,01~42 

ED.VIS. 
U(RO-RJ) 

0,0003 
0,0002 
0,0003 
0,0005 
0.00011 
0,001? 
0,001~ 

0,0019 
0.0021 
0,0023 
0.00?3 
0,0023 
0,00?? 
0.0021 
0,0020 
0,0019 
0,0017 
0.001~ 

MIX L 
DEL* 
0. 1 4 
0.07 
0,01> 
0.07 
0.011 
0,09 
0. 1 0 
0 • 11 
0. 1 2 
0.17 
0. 11 
0. 1 1 
0.11 
0. 11 
0. 1 7 
0. 1 7 
O.H 
0. 1 4 

M IX L 
(RO-Ril 
0.036 
0,01/l 
0.017 
o.u1c, 
0.021 
(1,024 
0.027 
o.uzo 
O.O.Iu 
0.0~1 

0.030 
0. 030 
0.029 
0.030 
0. 0 31 
0.033 
0.035 
0.031-

VCOMP~T= 0.00173 
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- - - I~ ... V ._ 

DI~FUSER ~ON DIMENSIONAL LENGTH = ~.0 

AXIAL OIST. FRUM INIETIXI = 4.8511 IN~ N.D.DIST.IX/LJ= 0,970 

OUTER ~ALL GRFFN POSITION 

D~ITA•= 0,4R? INS. H= 3.5? REYNOLDS NO.IBASED ON THETA>= 8414.0 

01 q 
RU-R 
n. o ~ u 
'1,100 
,1,1511 
0.?00 
11,250 
o). ~00 

IJ • V:>t) 
0.400 
0,450 
•1,500 
11,5~0 

0.600 
0.650 
1).700 
tl • 7 50 
!) • 800 
•J.85v 

DIST 
RO-RI 
o.ou 
0.054 
0,081 
0.10/l 
0. 1 3 ~ 
0. 1 6l 
0. 1 8'1 
0.216 
0.24~ 

0. 270 
0. 297 
0.~24 

0.352 
0. 379 
0,406 
0,433 
0.460 

OU/UMAX 
DR 

0.133 
0.317 
•l.f.ll1 
O,R42 
1. ooo 
1. O~ll 
1 . 1 39 
1 • 1 8 ~ 
1 • 244 
1 • ~ 1 5 
1 • 38? 
1 • 41 9 
1 • 401 
1 • 31 3 
1 • 1 55 
0,950 
0.737 

!>HEAR 
STRtSS 
0.000~ 
0,0003 
0,0006 
0.0016 
0,0031 
0,0049 
0,006t> 
0.0083 
0.0099 
0,0113 
0,0125 
0.0131 
0.0132 
0,0125 
0,0110 
0,0088 
0,0063 

DI~SIPATION COEFFICIENT= 0,007799 

F.O.VIS, 
U.DEL* 

0.004 
0.001 
0,001 
0.00? 
0.003 
0,005 
0,001\ 
0,007 
0,008 
0.009 
0.009 
0.010 
0.010 
0.010 
0.010 
0.010 
0.009 

REYNOIDS NORMAL STRfSS. UCOMPNT= 0,01892 

TABLE A20-30 
DI~FUS~~ NON DIMENSIONAl LENGTH = 5.0 

AXIAL DIST. ~RUM INL~TIXI = 4.850 INS. 

OUTER ~ALL RED POSITION 

ED,VIS. 
U(RO-Rll 

0,0010 
0,0003 
0,0003 
0,0005 
0,0001\ 
0,001? 
0,0016 
0,0019 
0,002? 
0.0023 
0,0024 
0,0025 
0,0025 
0.0021\ 
0.0026 
0,0025 
0,0023 

M I X L 
DEL* 
0,24 
0.08 
0.06 
0,07 
0,08 
0. 09 
0. 1 0 
0,11 
0. 1 2 
0. 1 2 
0. 1 2 
0.12 
0. 1 2 
0,12 
I) • 1 3 
0. 1 4 
0. 1 6 

M I X L 
IRO-RII 
0.063 
0 . 0 21 
0.016 
0.018 
0.021 
0.024 
(),027 
(1. 02\1 
0. 0 31 
0. 0 31 
0. 031 
0. 0 ~ 1 
0.031 
0.033 
0.035 
(\,038 
(), 041 

VCOMPNT= 0.00546 

N,D.DIST.(X/LI= 0,970 

D~LTA*= 0.449 INS. H= 2.76 REYNOLDS NO,IBASED ON THETA>= 9938.3 t 

OIST 
RO-R 
o.o~u 
11,100 
'I , 1 5 li 
r1.20u 
U.lStl 
,) • 3 0 ,, 

•1. -~~~ 
0.400 
n,45u 
0.~011 

o.'>Sll 
O,f.OO 
O.f.~U 

0.700 
0,750 
O.llOfl 
n.ASo 
:1,\JO(I 

DIST 
RO-RI 
0.027 
0.054 
0.081 
0.10!\ 
0.135 
0. 1 6 2 
0.189 
0.216 
0.?41 
0. ?70 
0. ?9 7 
0. ~ 2 4 

0. ~52 
0.~7'1 

0.401> 
0.453 
0.41:>0 
0.4~7 

DU/liMAX 
DR 

0.5~8 
0,903 
1),9\JO 
1 . 003 
1 • 011 
1 • 0 3 5 
1 . 07 3 
1 • 1 09 
1 . 1 29 
1 • 1 2 ~ 
1 • 09 2 
1 . 035 
t) ,959 
n.R74 
0.7!l6 
u.703 
l). f.21> 
0,554 

SHEAR 
STRESS 
0.0014 
0,0023 
0,0036 
0,0052 
0,0069 
O.OUI\7 
0.0104 
0,0118 
0,0129 
0 ,01"36 
0.0140 
0,01'9 
0,01 ~4 
0,0124 
0,0111 
(),0094 
IJ,0076 
0,005~ 

DISSIPAllON COtFFICIENT= 0,008191 

ED.VIS, 
U,DEL• 

0.003 
0,003 
0,004 
0.006 
0,008 
0.009 
0.011 
0,012 
0. 013 
0.014 
0.014 
0.015 
0.016 
0,016 
0,011> 
(1,015 
0. 013 
0,012 

REYNOLDS NORM-I STRESS. UCOMPNT= 0,02032 

ED,VJS. 
U(RO-Ril 

0,0006 
0,0007 
0,0010 
0.0014 
0.0019 
0.0023 
0,0026 
0,0029 
0,0031 
0,0033 
0,00~5 

0.0031\ 
0,0031\ 
0,0031:1 
0,003/l 
0,0031> 
0.00'13 
0,00211 

MIX L 
DEL* 
0. 1 0 
0,08 
0. 1 0 
0,11 
0. 1 3 
I] • 1 4 
0. 1 5 
0. 1 5 
0. 11) 

(). 16 
0.17 
0.1•\ 
0 • 1 'i 
0.20 
0. 21 
0.22 
0.22 
0.22 

MIX L 1 

CR0-~11 

0.024 
0.020 
0.023 
0. 027 
(1,032 
0.035 
0.036 
,, . 0 37 
0.03R 
n. ,, 4 o 
o.u41 
0.044 o,,,,,, 
U,il49 
0.051 
o.us' 
0.0~' 
(). 0 5 l 

VCOMPNT= 0.01039 
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IJ I I f 11\ f I' ~ IJ N Ill M t N; I UN A l Lf N ~ T H = '> • 0 

A<IAL lli~TANl~ FRIIM UllTLEf' 1.75 INS. 11 HYDkAULIC DIAMETER) 

~~~FN WALL BLUf PO~ITION 

DFLTA•= 0.23~ INS. H• 1 .6K REY~OLDS NO.IBASED ON THETA>• 7015.1 

I) Is T 
R-RI 
o1,040 
U. 1 0 0 
1),150 
ll.21JI) 

\,?50 
,) . 30 () 
•l. 15 0 
11,400 
·l. 450 
'1,5011 
') • ~ 5 \1 

'l.l>()fJ 

".<'>~0 
,) • 7 0 0 
•l. 150 
l),f\()(1 

OTST 
RO-RI 
O.Ot1 
0.0~1 

0.01;0 
0. 1 0 7 
0. 1 5 I 
0. 1 6 0 
0.1!11 
0.? 1 I 
•1. 2 4 0 
0.261 
0. 24 I 
0 • It il 
0,341 
<>. 1n 
•1.400 
0.427 

OIJ/UMAX 
DR 

1 • ~55 
I), 7 29 
11.7~6 
11,1\75 
1),901 
0,1166 
O,X46 
0,1\7() 
11,909 
0,91)4 
I] • K 1 7 
1),669 
0.543 
0.516 
11,496 
tl,O!IB 

SH~AR 

STRESS 
0.0034 
0,0055 
0,0070 
0,00'14 
0. 0 09 4 
1),0099 
(). 0098 
0,0091 
0,00111 
11,0070 
0,!1(160 
0.0051 
0,0043 
0,0014 
0,0021 
0.00119 

DISSI~ATION COFFFICIENT• 0,004341 

~O.VI~. 

li,DfL* 
0.004 
0.(111'> 
0.020 
IJ.020 
0. U2? 
0.024 
0.025 
0. 022 
0.019 
0. 017 
O.U1f. 
0.011> 
0.017 
0.014 
0.00'1 
0.021 

REYNOLPS ~ORM~L STRESS. UCOMPNT• 0,00946 

TABLE A20-32 

DIFFUStP NON DIMENSIONAL LENGTH • 5.0 

AXIAL DISTANCE FROM OUTLET• 7.50 INS. 

INNfR WALL GRFEN POSITION 

fO.VIS. 
UIRO-RI) 

0.0005 
0,0020 
0.0025 
1\,0026 
0.00?8 
0.00~0 
0.0031 
0.0028 
0.0024 
0.0021 
0,00?0 
0,01)20 
0.0021 
0,0017 
0,01)12 
o.onn 

M 1 X L 
DEL* 
0.09 
0.30 
0.33 
0.32 
0.32 
0.35 
0.3~ 
0.33 
0.30 
0.28 
0.29 
0.32 
0.36 
0.34 
0.211 
1 • () 1 

MIX l 
(R0-~11 

0. 01 2 
o.03il 
0.042 
0.039 
0,041 
0.043 
0.044 
0,041 
0,037 
O.ll3S 
0.031> 
0.040 
0,046 
0.042 
0.03S 
0.1 ?7 

VCOMPNT• 0.00~27 

(2 HYDRAULIC DIAMETERS) 

DFLTA•• 0.2?7 I~S. H• 1.53 REYNOLDS NO,CBASEO ON THETAI= 6H4U.2 

01 q 
o-R! 
0,050 
1),10(J 
0.150 
i\,200 
i\,250 
0 • I 011 
11,350 
i\.400 
d.451J 
'1.~011 

•l. ~ 511 
11.600 
11,6)0 

11.700 
0.750 

OIST 
~0-kl 

1).027 
0,053 
0,01!0 
0. 101 
0.13~ 

0. 1 6 0 
0,11\7 
(). 211 
0.240 
0.267 
t). 29 ~ 
0.120 
..>.>47 
0.373 
0,4(10 

OIJ/UMAX 
OR 

<'.015 
I). 69 2 
0.482 
0.589 
I) • 6 8 I 
1),692 
0,654 
0,624 
0.629 
0.6511 
1\,l:>?t 
0.631> 
0,544 
11.432 
I), 3 71 

SHEAR 
STRESS 
0.0050 
0.0053 
0,00~8 

1),006t> 
0,0075 
0,00111 
1),(1084 
0,0081> 
il.OOil7 
0,1!084 
o. 007'> 
0,00~(\ 

0.0044 
0,0030 
0.0007 

DI5SIP~TIO~ LiltFFICIENT• 0,00369'1 

EO. VIS. 
U.DEL* 
o.oo~ 

0.017 
0.026 
0.02~ 

0.024 
0.026 
0. t12K 
0.031 
0.030 
0. 0211 
0.025 
0.021 
(J • () 1l< 
0.01~ 

0.004 

~FYNULD; NO~MAl STNF&~. LICOMPNT• 0.00~22 

ED.VIS. 
U(RO-Rll 

0.0007 
0.0020 
O,Oil32 
0.0030 
O.Oil29 
0.01131 
0,0034 
0.0037 
0,0037 
0,0034 
0.0030 
0.00?') 
U.OU22 
0.0019 
n.uoo5 

MIX L 
DEL• 
I) • 1 1 
0. 3 ~ 
0,49 
0.43 
0.39 
0.40 
0,44 
0.46 
0.46 
0.43 
0.40 
0,31\ 
O.S8 
0.40 
(). 22 

MIX L 
CRO-RIJ 
0.013 
0.040 
0.0~9 

.0.0~2 
IJ,04H 
0.049 
0. !)~ s 
O.OSt-
0.051> 
0.0~3 

0.049 
O,OI.t> 
U.il41> 
(1,04<! 

o. 0?7 

VCUMPNT= 0.00915 
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ll I f f l' ' t i, N 0 N ll I M F N ~ I 0 N A I I t N \J T h = ~ . 0 

AXIAL ni~IANCt FRI!M UUTl~T= 11.?~ INS. <3 HYO~AUlll OlAMfTER~) 

INNER WALL MtD POSITION 

DeLTA•= 0.173 INS. H• 1,33 P~YNOLDS NO,CBASED ON THETA)= 3749.9 

D I q 
..l•RI 
'). 0 50 
0.1011 
0. 1 51) 
0. 201) 
n.?5o 
,) . ~011 
<) • 3 5 t1 
0,400 
0,450 
,, • ~ 0 (I 
11.550 
I) • 60 () 
11,650 
.). 7 0 0 

OIST 
RO·RI 
0. 027 
0.053 
0.080 
0.107 
0. 1 3 $ 
0,160 
0.11\7 
<) • 21 ~ 
0.240 
0.267 
().29~ 

0.320 
0,347 
0.375 

DU/UMAX 
DR 

~.38!S 
0.624 
0. 572 
0,693 
0.618 
0,460 
0.387 
0,441 
0. 52 5 
0.510 
o. 361 
0.715 
0.150 
0.08~ 

SHFAR 
STRESS 
0.0050 
0.0053 
0,0061 
0,0070 
0.0077 
0,0081 
0.00111 
0.0080 
0.0075 
0,0067 
0,0056 
0.0043 
0,0030 
0,0015 

ED.VIS, 
U,DEL* 

O.OO!S 
0.03~ 
0.043 
0.041 
0. 0 51 
0. 072 
0.085 
0.073 
0.05!S 
0.054 
0.063 
O.O!S1 
O,OR? 
0. 0 71 

DISSIPATION CO~FFICI~NT= 0,00321\2 

~~YNOLDS NORMAl STRFSS. UCOMPNT• 0,00917 

TABLE A2il-34 

D!FFUSFR NON DIMENSIONAL LENGTH = 5.0 

AKIAL DISTANCE FROM OUTLET= 3.75 INS. 

OUTFR WALL BLUE POSITION 

ED.VIS. 
UCRO•RI) 

0.0006 
0.0023 
0.0021\ 
0.0027 
0.0033 
0.0047 
0.0051> 
0.0048 
0.0031\ 
0.003~ 

0.0041 
0.0053 
0.00~4 

0.0047 

MIX L 
DEL* 
0. 1 7 
0.67 
0.78 
0.69 
0.82 
1 . 1 2 
1 • 3 4 
1 • 1 6 
0. 9 5 
0. 9 3 
1 • 19 
1. 7~ 
2. 11 
2.61 

MIX L 
CRO-Ril 
0. 01 1 
0.044 
J.ll51 
0.046 
0,054 
0.074 
0.01\ll 
0,076 
O.ll6? 
0.061 
0,078 
0.11~ 

0,13il 
0. 1 71 

VCO~PNT= O.OOH62 

(1 HYDRAULIC DIAMETER) 

DFLTA•= 0,307 INS, H= 1.87 REYNOLDS NO.CBASED ON THETA>= 8217.7 

I)IST 
~O-R 

o.oso 
0.100 
1),150 
·>.200 
<).?50 
n.~oo 

0. ~50 
1!,400 
ll.450 
t). 5(10 
~.ssn 

0.600 
0. 65(1 
0,700 
[). 7 5 u 
1),/100 
I) • )\ 5 (J 
0.'100 
., . 9 J ,, 

DIST 
RO•HI 
0. 021 
0,05~ 

0.080 
1),107 
0,133 
<L 160 
0.187 
0. 21 3 
I). 24<) 
0.267 
0,293 
0.~20 

0.347 
o. ~n 
0.400 
1),427 
U.4)~ 

0.41>0 
o.Su7 

OU/UMAX 
DR 

1 • 2 89 
0,485 
0.401 
0.532 
O.I>)Y 
0. 727 
0,751 
0,765 
0.789 
0,1121 
0,1144 
0.836 
1),792 
0.726 
0.676 
0. 677 
0. 71 ~ 
0.1>34 
0.0~6 

SHEAQ 
STRESS 
0,0032 
0,00~7 

0,0080 
0,0095 
0,0106 
0.0114 
0.0121 
0,0128 
0,0134 
0.0138 
0.0139 
0.0134 
0,0123 
0.0107 
0.0087 
().0067 
0,0041< 
0.00~4 

0,0023 

DISSIPATION LU~FFICIENT= 1!.006515 

EO. VIS. 
U,DEL* 
0.004 
0.019 
0,032 
0,029 
0.026 
0.026 
0.026 
0.027 
0.02/l 
0.027 
0. 027 
0.021> 
0.025 
0.0£4 
0.021 
0.011> 
0. 01, 
0.009 
(). 1 44 

RfYNOLDS NORMAl STRESS. UCOMPNT= 11.01121 

ED.VIS. 
UCRO-RJ) 

0.0007 
0.0032 
0.0053 
0.0048 
0.0043 
0.0042 
0.0043 
0.0045 
0.004~ 

0.0045 
0.0044 
0,0043 
0.0041 
0.0030 
0,0034 
0.0021-
0.001H 
l) • 0 0 1 4 
0.0236 

MIX L 
DEL* 
0.10 
0,36 
0. 51 
0.42 
0.56 
0.34 
0.34 
0.34 
0.34 
0 • .$3 
0.32 
0.3? 
0.32 
o.~~ 

0.32 
O.lll 
0.22 
I) • 2 1 
4.23 

MIX l 
CRO·RI) 
O.OH 
0.059 
0.0~4 
0.069 
0.0~9 

O.•J'S 
ll.t>'l~ 

O.ll'6 
1),1)~~ 

0,0.,4 
0.0~-~ 
0.0~2 
o.o;~ 

o.o;4 
0.0~2 

0.046 
0~037 
0.0.14 
0.6<1~ 

VCOMPNT= 0.00866 



Dllfll\~~ ~ON lliMENSIONAL LtN(,TH = '>.11 

AXIAL Pl\lANl' F~dM OIJTLtT' 1.50 INS. 12 HYDRAULIC DIAMtffN~) 

fJIIHR WALL bR~EN POSITIO~ 

DFLTA*= 0.20~ INS. H: 1.52 RfY~OLDS NO.IBASEO ON THETA>= 6331.8 

fliST 
~O-R 

n.o~o 

0. 1 0 0 
0. 1 50 
tl.200 
:) • ? 5 (I 
:) • ~ 0 0 
~.,so 

(j • 4 0 0 
I) • 4 5 () 
n.soo 
I) • S 50 
I). 60 11 

0.6511 
'I. 70 I) 
0.7511 
·) .1100 
0. K511 
I) • 9 011 

DIST 
RO-RI 
0.027 
0.053 
0.080 
0.107 
0. 1 3 ~ 
0.160 
0.187 
0.? 1 3 
0.240 
\). 2 6 7 
0. ?9 3 
0.3£0 
0.347 
0.373 
0.400 
0 .4U 
0.453 
0.411() 

DlJ/liMAX 
OR 

1 . 9 59 
0.710 
0.381 
0.405 
0.502 
o.~6R 

(}.590 
0.590 
0.593 
0.607 
0.624 
0.628 
0.604 
o.S41! 
1).471 
0.395 
0.324 
0. 1 9 8 

SHEAR 
STRESS 
0.0067 
0.009? 
0.0110 
0.0129 
0.0148 
0.0161\ 
0.0188 
0.0205 
0.0218 
0.0226 
0.0229 
0.0225 
0.0215 
0.01Q9· 
0.01711: 
0.01~4 
1).01211' 
0.0101 

DISSIPATION COEFFICIENT: 0.008810 
' 

FD.VIS. 
IJ.DEL* 

O.OOR 
0.031 
0.070 
O.O?o 
0.071 
0.071 
0. 0 77 
0.01\3 
O.OBR 
0.090 
0.011!1 
0.086 
0.01\5 
0.0117 
0.091 
0.094 
o.u95 
o. 1 a 

~EYNOLDS NORMAL STRESS. UCOMPNT~ 0.01337 

TABLE A20-36 

DIFFUSEP NON DIMENSIONAL LENGTH ~ 5.0 

AIIAL DISTANCE FRO~ OUTLET= 11.25 INS. 

OUTER WALL RED POSITION 

EO. VIS. 
lJ(RO-RI) 

0.0009 
0.0035 
0.0077 
0.0085 
0.0079 
0.007'1 
0.0085 
0.0093 
0.0098 
0.0099 
0.0098 
0.0095 
0.0095 
0.0097 
0.0101 
0.0104 
0.0105 
0. 0135 

MIX L 
DEL* 
0. 1 4 
0.46 
0. 9 4 
0. 9 5 
0.82 
0.78 
0.79 
0.82 
0.85 
0.84 
0.82 
O.K1 
0.82 
0.88 
0.96 
1 • 0 7 
1 • 1 9 
1. 72 

MIX L 
IRO-PIJ 
0.016 
0.051 
0.104 
0. 1 0 5 
0.091 
O.O~b 

0.088 
0.0'11 
0. 09 4 
0.1)94 
0.0'<1 
0. 0\11) 
0.0'11 
o.u\17 
0.107 
0.11fi 
0.132 
0. 19 1 

VCOMPNT= 0.02795 

(3 HYDRAULIC DIAMETERS> 

DELTA*= 0.162 INS. H: 1.37 R~YNOLDS NO.IBASFD ON THETAl= 4809.7 

DIST 
~O-R 
I) • 050 
0.100 
l). 150 
0.200 
0.250 
0. ~00 
').~50 

0.400 
1l.450 
n.soo 
1) • s 50 
•1.60u 
G.65l• 
·). 700 
1. 751J 
0.800 
0,1\Su 
•l.901J 

DIST 
RO-RI 
0. 027 
o.o~s 

0.0!!1) 
0. 1 0 7 
o. 1 .n 
0. 1 6 0 
0.11!7 
0. 21 3 
0.2411 
tl. 267 
0.293 
0.~~0 

0.347 
o. 37' 
0.400 
0.427 
1).45lj 
I). 41lt) 

DU/IJMAX 
DR 

2.608 
tl.892 
1).402 
0.359 
0.401 
0.410 
0.384 
0.362 
0.369 
0.406 
0.449 
0.466 
0.437 
0.369 
0.300 
0. ?79 
0. 1 R9 
0.091} 

SHEAR 
STRESS 
0.0033 
o.OOS3 
0.0077 
0.00911 
0.0115 
0.01211 
o. on9 · 
0.0147 
0.0155 
0.0161 
0.0166 
0.01611 
0.016~ 
0.01')1\ 
0.0145 
0.0127 
0.0106 
0.0082 

DISSIPATION COFFFICIENT= 0.005072 

EO.VIS. 
U.DEL* 

0.004 
0.01R 
0.059 
0.084 
0.0119 
O.Ot;7 
0.111 
0.126 
0. 1 .so 
0. 1 '3 
0.114 
0 • 1 1 1 
0.117 
n. n? 
(I. 1 49 
0. 1 41 
0.11? 
0.£~~ 

RFVNOLD~ IJORMAL S RFSS. UCOMPNT= U 01~~4 

EO. VIS. 
IJIRO-Rll 

0.0003 
0.0016 
0.0051 
0.0073 
0.0077 
0.0084 
0.0096 
0.0109 
0.0112 
0.0106 
0.0098 
0.0096 
0.0101 
0.0114 
0.0129 
0.01?2 
0.0149 
0.0220 

MIX l 
DEL* 
0. 1 0 
0.36 
0. 9 5 
1. 20 
1.1 7 
1. 21 
1 • 3 4 
1 • 4 6 
1. 4 7 
1. 37 
1. 25 
1 • ~ 1 
1. 29 
1 • 4 9 
1. lS 
1 • 7 6 
7. 57 
3. 911 

MIX L 
(R0-1<11 

O.OOH 
0.031 
O.Oii2 
0. 1 0 4 
0 • 1 (I 1 
0.1(\4 
0. 1 1 6 
0.1;>7 
0.177 
0. 1 1 8 
0.1(1fl 
0.11!5 
0.111 
0.129 
n. 1 s 1 
0. 1 ~ 2 
0.205 
0.344 

VCOMPNT= 0 011120 

I 
I 
I 
I 
i 
I 



535 

I 
---~-- -- ~-~--. 

' ' ' 

..--~--

' 
j_ ------- -- -~--+--

' I ! j ~ 
I - 1-----

~~----:--~~~~--~- r---~-t-~--~'------t--~--1~-~-+---~~~---~~---

: - - _f - i - ·!--- :---~--t~i ~~- --+----- : -+- c i" 
H i -~--r'----r-~~~!----+~1-+-----t--'--+---+-1 ~--:------.,---

~ ! l t - I I ' l __ + ---1---~- -~-+: ----!--·- --,----+·----fy~~OL_j_X;~s) ~-
i ' 1 

n j ' Cl. -1 < 
r--~---+-~~-,--+-~~~-+-~~-+--+--:--l~~~P----~----

, i I 1 I i l i t1 : 
1 -J~ --------- -~- -t----- ----;- --- --;---- ---1-- ---'~-t-~-'---!-----t-'--e ---- ~--1_~!?.- --

1

, I I I ·- - ~ !2f I' 2. 5 
' .:.: : I -" I ' < 

I 0.03- : 
1 

_ 

__ ---1---~-- --:-- -~--+- I i --6---+--+I.-·--+_! ! ~ ~--- _ 
: i E I I . - I I ! I 

' 
_I L 

'- I 

' : u 9* I --- - -- I 

, I -----1-- ... t--------T----;-t----+;- I -~f---J,--+--+-.. -_ !-----+-c_ .-.-+--.-_+-----1--'--- -- +----+---
' I n•n-y I -0 • -- -- -- I 

I 
. I - 4----

I 
' I 

I ' 

--+i-++ 
' I 

' I 
---·,---+--.---

! 

~.·~ 0 o ~ A j-
j i a r ---

~ ' 
~I'>- • ~,. •. -I I 

l o 4 1 o s -i o & l-~~---·-?js 
Out r Wall !(Rof-· R In~ ' I 
. I I t---

___ j_ -·- _ --~ 
1
1_ ! _L_:_j_[ _____ j___ r _j ___ i _ _ __ I 

! I . : , i ! . ! ~ 

--:---f---1 ~JG. ITo-1 
1

EXI?ER ME:NT, L Eor Y v1s :os1n msT~BunCiNs 

' ' ' ( : 01 I 02 I 03 
-- I ____ - --~---- ~-__!_ ____ --'--- --t--- _ __j_ 

I · ; D1~ta ce ! ftc m 

I I - '., ------·~~----- [·-· --1oUTt.t- vvPiu--L/liR-
1 

s--JY!FFUSER· -·- i ; 
---~ I I I I I I I I --- + : .. ~ .. r + . .. ; -r- " · - , - : 1 -! : 
------.-- ............... ;-----~-.o----~---- --

1 ' I I I ' ' , I , I 
I ; • j - -- '. - -~-~ f . -- ~-- . - -- . + . -I 

'I 11 ' ' : 
----~~--~--~----r---r ----~--- --- -- ---



Appendix 21 

Turbulence Analysis 

L/t.R1 = 7,5 Diffuser 
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TABLE A21-1 

DifFUSER NON DI~ENSIONAL LFNGTH = 7.5 

AXIAL DISf. FROM INLET<Xl = 3.000 INS. N.D.DIST.(X/Ll= 0.400 

INNFH ~ALL BLUE POSITION 

DELTA•= 0.051 I~S. H= 1.28 REYNOLDS NO. <BASED ON THETA)= 3291.3 

DIST 
R-RI 
0.050 
0.100 
0.15(1 
11.?00 
0.25U 
0 • ~ 0 1) 

0.350 
0.400 
0.450 

D I S T 
!lO-RI 
0.0~0 

0.100 
0.150 
0.200 
0.250 
0. 300 
0.350 
0.400 
0. 4)0 

DU/UMAX 
OR 

~. 279 
1 . 1 6' 
0.938 
0.5!!3 
1).482 
0.463 
0.22~ 

0.135 
0.045 

SHEAR 
STRESS 
0.0021! 
0.0025 
0.0023 
0.0019 
0. 001 7 
0.0015 
0.0009 
0.0004 
0.0003 

EO. VIS. 
IJ.DEL• 

li.01? 
0.021 
0.024 
0.031 
0.034 
0.032 
0.040 
0. 0 31 
0.051! 

DISSIPATION COtFFICIENT= 0.001537 
REY~OLOS NORMAL STRESS. UCOMPNT= 0.00172 

TABLE A21-2 

DIFFUSER NON DIMENSIONAL LFNGTH = 7.5 

A X I A L 0 I ST. F R (l M I N LET (X) = 1 . 2 50 I N S . 

INNEH ~ALL BLUE POSITION 

ED.VIS. 
U<RO-RI) 

0.0006 
0.0011 
0.0012 
0.0011> 
0.0017 
0.0016 
0.0020 
0.0016 
0.0029 

M I X L 
DEL* 
0.32 
0.59 
0.70 
1 • 0 2 
1.17 
1 • 1 6 
1 • !S6 
2. n 
5. 01 

'!IX L 
(RO-Idl 
0.016 
0.030 
0.036 
0.052 
0.01>0 
0.059 
0.095 
0.109 
0.25'> 

VCOMPNT= 0.00094 

N.D.DIST.(X/Ll= 0.167 

DFLTA•= 0.0~3 INS. H= 1.40 REYNOLOS NO.(BASED ON THETA>= 4~54.1 

IllS T 
R-RI 
0.050 
0. 1 00 
0. 1 50 
ll.?OO 
0.250 
0.300 
(1.350 
0.400 
11.450 
o.soo 

olq 
RO-RI 
0.044 
0.0!!7 
0. 1 31 
0. 1 7 5 
0.218 
0.262 
0.305 
0. 349 
0. 39 3 
0.436 

DU/UMAX 
OR 

3.044 
1.481 
1 • 1 7 2 
O.R47 
0.607 
0.566 
0.567 
0.422 
0.213 
0.128 

SHEAR 
STRESS 
0.0034 
0.00?8 
0.0023 
0.0019 
0.0015 
0.0013 
0.0011 
0.0009 
0.0007 
0.0003 

DISSIPATION COFFFICIENT= 0.001825 

ED.VIS. 
tl.OEL• 

0.007 
0.011 
0.012 
0.013 
0.015 
0.014 
0.012 
0.012 
0.021 
0.016 

REYNOlDS NORMAL STRESS. UCOMPNT= 0.00377 

EO. VIS. 
U(RQ-RJ) 

0.0005 
0.0008 
0.0009 
0.0010 
0.0011 
0.0010 
0.0009 
0.0009 
0.0015 
0.0011 

M I X L 
DEL* 
() • 1 6 
0.31 
0.35 
0.44 
0.54 
0.~4 

0.50 
0.59 
1. 08 
1 • 2 2 

MIX L 
(RO-Rl) , 
0. 01 ( 
0.0?2 
0.025 
0.032 
0.03Y 
0.039 
0.036 
0.01.3 
0.079 
0.01'1\ 

VCO"PNT= 0. OoJ{Idk 
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TABLE A21-3 

OIFFUSfR NON DI~ENSIONAL LENGTH = 7.~ 

AXIAL OIST. fROM INLETIX) = 2.200 INS. N.D.DIST.IX/LI= 0.293 

INNER WALL BLUE POSITION 

DFLTA•= 0.107 INS. H= 1.48 REYNOLDS NO.IBASED ON THETA)= 4995.1 

DIST 
R-RI 
o.oso 
n. 1 o o 
0. 1 5 u 
0.200 
0.250 
0.30U 
0.)50 
0.400 
0.450 
o.soo 
o.sso 
0.600 

DIST 
RO-R! 
0.040 
0.080 
0. 119 
0. 1 ~9 
0. 1 9 ~ 
0.239 
0.?11! 
0.318 
o. 3~8 
0. 39 8 
0,4311 
0.477 

DIJ/UMAX 
OR 

3. 058 
1 • 649 
1.297 
1 • 06 0 
0.833 
0.688 
0. 622 
0.551 
0.418 
0.?66 
0.150 
0.035 

SHEAR 
STRESS 
0.0052 
0.0059 
0,0054 
0.0047 
0.0041 
0.0035 
0,0028 
l1,0022 
(),0016 
11,0017 
0.0008 
0.0005 

ED.VIS. 
U.DEL* 
0.008 
0.017 
0.019 
0.0?1 
0.023 
0.024 
0.021 
0.019 
0.0111 
0.021 
0.026 
0. 077 

DISSIPATION COEFFICIENT= 0.002932 

RFYNOLDS NORM~l STRESS. UCOMPNT= 0.00497 

TABLE A21-4 

DIFFUS~R NON DIMENSIONAL LENGTH = 7.5 

AXIAL OIST. FROM !NLETIX) = 3.150 INS. 

INNER WALL BLUE POSITION 

EO.VIS. 
UIRO-RI) 

0,0007 
0.0014 
0.0017 
0.0018 
0.0019 
0.0020 
0.0018 
0.0016 
0.001~ 

0.0018 
0.0022 
0.0061 

M I X L 
DEL* 
0. 1 6 
0.31 
0.37 
0.43 
0.50 
0. ~ 7 
0.57 
0.56 
0.64 
0.87 
1 • 2 6 
4.59 

MIX L 
(RO-RI) 
0.013 
0.026 
0.032 
0.036 
0.043 
0.048 
0.048 
0.048 
0.0~4 
0.074 
0. 107 
0.374 

VCOMPNT= 0.00230 

N.O.DIST.(X/LJ= 0.420 

DELTA•= 0.13~ INS. H= 1.57 REYNOLOS NO,IBASED ON THETA>= 5574.0 

DIST 
R-RI 
o.oz; 
0.050 
0. 1 0 u 
0.150 
0.200 
0.250 
0.300 
0,350 
0.400 
0,450 
0.500 
0,550 
0,600 
0.650 

DIST 
RO-RI 
0.0111 
0.037 
o.on 
0. 11 0 
0. 1 46 
0. 1 8 3 
0.21Q 
0.2;6 
0.293 
0.3~9 

0.366 
0.4(12 
0,439 
0.47; 

DU/UMAX 
OR 

5.086 
2.1114 
1 • 4 3 2 
1. 372 
1 • 29 0 
1 • 04 2 
0.1111 
0.704 
O.i-63 
0.573 
0.414 
0.302 
o. 277 
0.025 

SHFAR 
STRESS 
0.003!1 
0,0047 
0,0054 
0.0058 
0.(1057 
0.0051 
0,0042 
0.0034 
0.0027 
0,0022 
0.0016 
0.0011 
0.00011 
0.0004 

OI~SJPATION COtFFICIENT= 0.0031)4 

EO. VIS. 
li.DEL* 

0.003 
0.006 
0. 014 
0.016 
0.011> 
0.018 
0.019 
0.011'1 
0.015 
0.014 
0.014 
0. 013 
0.010 
0.060 

RFYNOlDS NORMAL STRFSS. UCOMPNT= 0.00714 

ED.VIS. 
UIRO-RI) 

0.0003 
0.0006 
0.0014 
0.0015 
0.0016 
0.00111 
0.0019 
0.0018 
0.0015 
0.0014 
0.0014 
0.0013 
0.0010 
0,0059 

MIX L 
f\EL* 
0.06 
0. 1 3 
0. 27 
0.29 
0. 31 
n.36 
0.42 
0.43 
0. 41 
0.42 
0. 51 
0.57 
0.~3 
4.21 

MIX l 
(RO-RI) 
(l. 0 0"' 
0. 013 
0. 027 
0.029 
0,030 
0.03b 
0.042 
(1.043 
0,041 
0.04? 
0.050 
0.0~1> 

0.052 
0. 41 5 

VCOMPNT• O.OOJI\6 
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TABLE A21-S 

DIFFU~ER NON DIMENSIONAL LENGTH = 7.~ 

AXIAL DIST. FROM INLET<Xl = 3.150 INS. N.D.DIST.(X/ll= 0,420 

l~NER WALL GH~EN POSITION 

OFLTA•= 0,13; INS. H= 1,57 REVNOLDS NO,(BASED ON THETA>= 5574.0 

DIST 
R-Rl 
o.oz; 
0.050 
0.10l> 
0.150 
0.20(1 
0.250 
0.300 
n. ~5l> 
0.400 
0.450 
O.'iOO 
0.~50 
0,600 
0.650 

DIST 
RO-RI 
0.018 
0.037 
0. 073 
0,110 
0.146 
0.1!13 
0,219 
0.2~1> 

0.2\1~ 

0,329 
0.36!, 
0,402 
0.439 
0.475 

DU/l!MAX 
DR 

5.086 
2.1114 
1 • 4 3 2 
1. 372 
1 • ?9 0 
1 • 0 4 2 
0.1111 
0.704 
0.663 
0,573 
0.414 
0.302 
0. ?77 
0.025 

SHEAR 
STRESS 
0.00411 
11,0062 
1),0068 
0,0064 
0,0056 
0.0047 
0,0037 
0,0029 
0. 00 22 
0,0018 
0,0014 
0,0010 
0,0005 
0,0003 

~D.VIS. 

11, ~EL* 
0.004 
0.008 
0.0111 
0.017 
0.016 
0.017 
0.017 
0.015 
0.012 
0. 011 
0.013 
0.013 
0.007 
0.038 

DISSIPATION COEFFICIENT= 0,003475 

R~YNOLDS NORMAL STRESS. UCOMPNT= 0,00714 

TABLE A21-l> 

DIFFUSER NON DIMENSIONAL LENGTH = 7.5 

AXIAL DIST. FROM INLET<Xl = 4.100 INS. 

INNER WALL BLUE POSITION 

EO. VIS. 
U(RO-R!) 

0.0003 
0.0008 
0.0017 
0.0017 
0.0016 
0.0017 
0.0017 
0.0015 
0.0012 
0.0011 
0.0013 
0.0013 
0.0007 
0.0038 

MIX L 
OEL* 
0.07 
0. 1 5 
0.30 
0,30 
0.30 
0.34 
0.39 
0.40 
0.37 
0.38 
0.48 
0.56 
0.42 
3.35 

MIX L 
(RO-RI) 

o.OC\7 
0. 01 4 
0.030 
0.030 
0.030 
0.034 
0.039 
0.039 
0.036 
0.031\ 
0.048 
0.056 
0.04? 
0.331 

VCOMPNT= 0.00097 

N,D.DIST.(X/Ll= 0.547 

DELTA•= 0,163 INS. H= 1,65 REYNOLOS NO.<BASED ON THETA>= 6182.6 

OIST 
R-RI 
0,050 
0.100 
0. 1 50 
0.200 
0.250 
0.300 
(). 3 50 
0.400 
0.450 
o.~oo 

0.550 
0,(>0(1 

0.650 
0.700 

DIST 
RO-RI 
0.034 
0.068 
0. 1 01 
0.135 
0. 1 69 
0.203 
0.237 
0. 2 71 
0,304 
1).~38 

0.372 
0,406 
0. 440 
0.474 

OU/liMAX 
DR 

2.327 
1. 36 7 
1 • 3 09 
1 • 29 4 
1 • 1 64 
0.998 
0.870 
0.784 
0.689 
0.'>53 
0.406 
0.321 
0.?69 
0.062 

SHEAR 
STRESS 
0.0038 
0.0058 
0.0073 
0.0079 
0.0077 
1),0069 
1),0057 
0,004!, 
0.003t-
0.0028 
0.0023 
0,0018 
0.0013 
0.0007 

DISSIPATION COfFF!C!ENT= 0,003621 

ED.VIS. 
U.DEL* 

0.005 
0.013 
0.017 
0.019 
0.020 
0.021 
0.020 
0.018 
0.016 
0.016 
0.017 
0.017 
0.014 
0.036 

REYNOLDS NORMAL STRFSS. UCOMPNT= O.UOt\57 

ED.VIS. 
U(RO-RI) 

0.0005 
0.0014 
0.0019 
0.0021 
0.002? 
0.0023 
0.002? 
0.0020 
0.00111 
0.0017 
0.0019 
0.0019 
0.0016 
0.0040 

MIX L 
DEL* 
0.11 
0.24 
0.28 
0.30 
0.33 
0.36 
0.38 
0.38 
0.38 
0.42 
0. 51 
,) • 57 
0.57 
1 • 1\9 

MIX L 
(RO-Ril 
0. 01 3 
0.027 
0.031 
0.033 
0.1136 
u. •14 0 
li,•J4i 
11.041 
0.04<' 
0.046 
0.'1~1-
(),(lr,, 

O.U~) 

II.<OY 

VCOMPNT= 0.00400 
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TABLE A21-7 

DIFFUSER NON DIMENSIONAL LFNGTH = 7.5 

AXIAL DIST. F~OM INLETIXI = 5.050 INS. N.D.DIST.IX/Ll= 0.673 

INNER WALL BLUE POSITION 

DELTA•= 0.185 INS. H= 1.67 REYNOLI>S NO.<BASED ON THETA)= 659'1.7 

DIST 
R-RI 
0.025 
a.o5o 
0. 1 0 0 
0.15tl 
0.201! 
o.zso 
0.300 
().~50 

0.400 
0.450 
0.500 
o.s;o 
11.600 
0.6511 
0.700 
0.750 

DISf 
RO-RI 
0.016 
0.031 
0.06~ 
0.094 
0.1<'6 
0. 1 57 
0. 1 89 
o.nn 
0.2~2 
0.21:13 
0.~15 

0.346 
0.37tl 
0.40'1 
0.441 
0.472 

OU/UMAX 
OR 

3. R 15 
2.175 
1.139 
1 • 1 61 
1 . 2 3 5 
1 . 1 58 
1. 017 
0.'115 
0.1173 
0.831 
0. 720 
o.s3o 
0.343 
0. 271 
0. 1 6 3 
0.054 

SHEAR 
STRESS 
0.0039 
0.0053 
0.0068 
0.0074 
0.0076 
O.OUi'6 
0.0072 
0.0066 
0.0057 
0.0047 
0.0036 
0.0027 
0.001Y 
0.0013 
0.0009 
0.0005 

ro. v1 s. 
tJ.DI:L* 

0.003 
0.007 
0 .OH 
0.017 
0. 017 
0.018 
0.019 
0.020 
0.0111 
0.015 
0.014 
0.014 
0.015 
0. 013 
0.016 
0.023 

DISSIPATION COEFFICIENT= 0.004068 

REYNOLDS NORMAL STRESS. UCOMPNT= 0.01034 

TABLE A21-!i 

DIFFUSER NON DIMENSIONAL LENuTH = 7.5 

AXIAL DIST. FRDM INLET(X) = 6.000 INS. 

INNER WALL BLUE POSITION 

ED.VIS. 
U(RO-Rll 

0.0003 
0.0008 
0.0019 
0.0020 
0.0019 
0.0021 
0.0022 
0.0023 
0.0021 
0.0018 
0.0016 
O.OOH 
0.0017 
0.0015 
0.0018 
0.0027 

MIX L 
DEL* 
0.06 
0. 1 3 
0.28 
0.28 
0.27 
0.29 
0.3.? 
0.34 
0.33 
0.32 
0.32 
0.37 
0.49 
0. 51 
0.72 
1. 52 

MIX L 
IRO-RI) 

0.0(17 
0.015 
0.032 
0.033 
0.031 
0.033 
0.037 
0.040 
0.039 
0.037 
0.037 
0.043 
0.057 
0.060 
0.0114 
0.177 

VCOMPNT= 0.0036b 

N.D.DIST.IX/Ll= 0.800 

DELTA•= 0 • .?18 INS. H= 1.70 REVNOLI>S NO.<BASED ON THETAI= 7350.6 

DIST 
R-RI 
o.oso 
0.1011 
0.15\J 
n.2ou 
0.250 
0 • 3 Q (I 

0.350 
0.401> 
0.450 
0.500 
0. 55 f) 
t>.f,UO 

''· C>50 
0.700 
0. 1 ~ 0 
O.ii(JO 

DJq 
RO-RI 
0.0<9 
0.0'>9 
O.Otlll 
0. 11 8 
0.147 
0.176 
0.206 
0.235 
0.2b5 
0. 29 4 
0.3<4 
0.353 
0.31l2 
0.41< 
11.441 
0.471 

DU/UMAX 
OR 

2.176 
1 • 0 2 5 
0.964 
1 • 09 4 
1 • 1 1 5 
1 . 023 
0.910 
0.!142 
0.1125 
0.809 
0.731 
o.S71 
0. 3 81 
0.26~ 

0.1 1!0 
0.094 

SHEAR 
STRESS 
0.0050 
0.006'­
(1.00/:lO 
0.0086 
0.0088 
0.0085 
0.0077 
0.0065 
O.OO'i1 
0.00)11 
0.002!.! 
0.0021 
0.001fl 
0.0014 
O.OOOb 
0.0004 

OISSIP~TION CObFFICIENT= 0.004200 

EO. VIS. 
ll.DEL• 

0.005 
0.015 
0.019 
0.018 
0.011'. 
0.019 
0.019 
0.018 
0.014 
0.011 
0.009 
0.009 
0.011 
0. 01 2 
0. 01 0 
0.009 

REYNOlO~ ~ORMAL STRFSS. UCOMPNT= 0.01281 

ED.VIS. 
UIRO-RII 

0.0007 
0.0020 
0.0024 
0.0023 
0.0023 
0.0024 
0.002'> 
0.0023 
0.0018 
0.0014 
0.0011 
0.0011 
0.0014 
0.0016 
0.0013 
0.0012 

M I X L 
DEL* 
0.11 
0.26 
0.30 
0.27 
o. n 
0.29 
0. 31 
0.31 
0.28 
0.25 
(>. <3 
0.26 
n.36 
0.46 
0.50 
0.67 

MIX L 
IRO-Ril 
0.013 
0.034 
0.0311 
O.fl3S 
0.035 
O.U37 
0.04" 
0.01.0 
0.0>6 
0.03? 
0.030 
0 • 1) 3 4 
O.QI.f, 

0.059 
O.llf5 
0.0!<6 

VCOMPNT= 0.002811 



S4-0 

AXIAL Dl~>l. ~ROM INLEl<X) = 7.~50 IN~. N.O.DIST.<XItl= 0,9/10 

INNER W~LL ~LUE POSITION 

DELTA•= 0.241 INS. H= 1.71 R~YNOLOS NO.<BASED ON THETA)= 7631.3 

DIST 
R-RI 
0.050 
0.100 
0.15ll 
0.200 
O.tSO 
0.300 
11.35() 
0.400 
0.4,0 
0.500 
0.550 
11.600 
0.650 
0.700 
0.750 
O.iiOO 
0.850 

DI5T 
RO-RI 
o. on 
0.054 
O.Ot\1 
0.101! 
0.135 
0. 1 61 
0.1bll 
0. 21 ' 
tl.242 
0.2b9 
0.296 
0.323 
0.350 
0. 3?1 
0.404 
0.431 
0.457 

DU/UMAX 
DR 

1 • 9 2 3 
ll. 7"19 
0.1105 
1 • 0 08 
1 • 0 61 
0. Q 71 
0.1151 
0.789 
0.799 
0.830 
0.809 
0.701 
0.544 
0.439 
0.441 
0.339 
0.749 

SHEAR 
STRESS 
0.0032 
0.0049 
0.0065 
0.0076 
1),0UK3 
0.0085 
0.0083 
0.0079 
0.0074 
0.0067 
0.0059 
0.0050 
0.0041 
0.0031 
0.0021 
o.oon 
0.0005 

ED.VIS. 
U.DEL• 

O.tl03 
0. 013 
0.017 
0.016 
0.016 
0.018 
0.0.!0 
11.021 
0.019 
0.017 
0.015 
0.015 
0.015 
0.014 
0.010 
0.008 
0.001 

DISSIPATION COEFFICIENT= 0.004132 

REYNOLDS NORMAL STRESS. UCOMPNT= 0,01336 

TARLE A21-10 

OIFFU;FR NON DIMENSIONAL LENGTH = 7.5 

AXIAL DIST. FROM INLET(X) = 7.350 INS. 

INNER wALL BLUE POSITION 

ED.VIS. 
U(RO-RI) 

0.0004 
0.0017 
0.0022 
0.0020 
0,0021 
0.0024 
0.0026 
0.0027 
0.0025 
0.00?2 
0.0020 
0.0019 
0.0020 
0,0019 
0.0013 
0.0010 
0.0002 

M I X L 
DEL* 
0,09 
0.26 
0.29 
0.25 
0,25 
0.28 
0.32 
0.33 
0,32 
0.29 
0.28 
0.30 
0.34 
0.37 
0. 31 
0. 31 
0.09 

M I X L 
(RO-Rl) 
0. 0 1 1 
0.034 
0.038 
0.033 
0.035 
0.036 
0,041 
0.043 
0.041 
0,037 
0.036 
0.0.$1! 
0,044 
0.04!\ 
0.040 
0,040 
0,011 

VCOMPNT= 0.0032? 

N.D.DIST.<XILI= 0.980 

DELTA•= 0.241 INS, H= 1.71 REYNOLDS NO.(BASED ON THETA)= 7631.3 

DIST 
R-RI 
0.050 
0. 100 
0. 1 5 u 
0.200 
0.250 
0.300 
0. 3 50 
0.400 
0.450 
0.500 
0.550 
O.f>Oil 
0.6~0 

0.700 
0.750 
11.500 
O.K50 

DIST 
RO-RI 
0. 027 
0.054 
0. 081 
0.108 
0.135 
0. 1 61 
0.11lll 
0. 21 s 
0.242 
0.269 
0.296 
0.32~ 
0.351) 
0.377 
0.404 
0.431 
0. 451 

OU/UMAX 
DR 

1 • 9 2 3 
0.779 
O.IIOS 
1 • 0 08 
1 . 0 61 
0.971 
0,1151 
0.789 
0.799 
0.830 
0.809 
0.701 
0.544 
0.439 
(). 4 41 
0.339 
0,749 

SHEAR 
STRESS 
0.00311 
0.0055 
0.0068 
0.0076 
0.0079 
0.0078 
0.0074 
0.0068 
0.0061 
0.0054 
0.0046 
0.0039 
0.0031 
o.oon 
0.001S 
0.0009 
0.0004 

DIS~IPATION COFFFICIENT= 0.00~863 

ED.VIS. 
U.DEL• 

0,004 
0.015 
0.017 
0. 016 
0.016 
0.017 
0.018 
o.u18 
0.016 
0.013 
0.012 
0.011 
n. o 1 2 
0.011 
O.OU7 
0.001> 
O.llil1 

RFYNOLDS NORMAl STRfSS. UCOMPNT= U,ll1336 

ED.VIS. 
U(RO-RJ) 

0.0005 
0.0019 
0.0023 
0.0020 
0.0020 
0.0022 
0.0023 
0.0023 
0.0020 
0.0017 
0.0015 
0.0015 
0.0015 
0. OOH 
0.0009 
0.0007 
0.0001 

M I X L 
DEL* 
0,09 
0.28 
0. 3 0 
0.25 
0.25 
0.27 
0.30 
0. 31 
0,29 
0,26 
0.25 
0.26 
0.30 
I). 3? 
0.2b 
0.26 
0.07 

I 

MIX l 1" 
(RO-RI) ! 
0.01? 
0.036 
ll.~:~v 

0,033 
0.032 
(•.0:'5 
O.u'\A 
0,040 
0.0'7 
n • r, ~ 4 
tl.OoZ 
li.U34 
0.059 
O.OL'i 
11.03) 
0.034 
0 • tl1 u 

i 

I 
I 
I 
I 

I 

! 
I I 

VCOMPNT= O.OU300 
I 
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TARLf A21-11 

DlfFliStR NON DIMENSIONAl LfNLTH • 7.~ 

AXIAL DIST •• RIIM I~LETIX) • 7.3511 INS. N.O.OIST.IX/Ll• 0,\lMO 

INNFR wALL GRrEN POSITION 

DELTA*= 0.241 INS. H= 1.71 RtYNOLOS NO.CBASED ON THETA>= 7631.3 

OIST 
R-RI 
0.05(1 
u • 1 0 (I 
0,1)(1 
o,?OU 
0,2511 
1),3011 
0. 3 50 
11,400 
0.450 
0,5011 
o.~5o 
ll,600 
1),650 
0.700 
0. 7 'u 
1),1\01) 
f),i\5(1 

D I '>T 
RO-RJ 
o. on 
•1.0~4 

0.0111 
0.1011 
J. 115 
:l.1o1 
0.1!11\ 
0. 21 s 
0.242 
0.269 
0.2\16 
0.323 
0.350 
0. 377 
I), 40 4 
0. 4 31 
0,457 

DU/UMAX 
DR 

1 • 9 2 3 
0.779 
0,110~ 

1.001\ 
1,061 
1),971 
0.851 
0.789 
0,799 
1),1\30 
0,1109 
0.701 
0,544 
0.439 
0.441 
0.33\l 
0.749 

SHEAR 
'>TRfSS 
0,0043 
0,(10S7 
0,0067 
0,0078 
0.00!:15 
0.0089 
0,0(187 
0.0080 
0.0071 
0.0060 
o.ooso 
0.0042 
0.0033 
0.0025 
1),0017 
0.0009 
0.0007 

ED.VJS. 
ll.DEL* 
o.ous 
0.015 
0.017 
O.•J11'o 
0.017 
0.019 
0.021 
0.021 
0.011\ 
0.015 
0.013 
0.012 
0.013 
0.012 
0.008 
0.006 
0.002 

DJ~SIPATION COEFFICIENT= 0,004252 

REYNOLD~ NORMAl STRFSS. UCOMPNT= 0,01536 

TABLE A21-12 

DI~FUSER NON DIMENSIONAL LENGTH = 7.5 

AXIAL OIST. FROM INLETIX) = 7.350 IN~. 

INNER WALL RED POSITION 

ED.VJS. 
U(RO-RJ) 

0.0006 
0,0020 
0.0023 
0.0021 
0.0027 
0.0025 
0.0027 
0.0027 
0.0024 
0.0020 
0.0017 
0.0011> 
0,0017 
0.0015 
0.0010 
0.0007 
0,0003 

M I X L 
DEL* 
1J. 1 0 
0.28 
0.30 
0.26 
0.21> 
0.28 
(l. 3 2 
0.33 
0. 31 
0. 2 7 
0.26 
0.27 
0. 51 
0.34 
0.27 
0.26 
0. 1 0 

MIX L 
(RO-PI) 
0. 0, 3 
1),0>7 
0.039 
0.033 
n.033 
(1,037 
O.OL2 
(1.043 
0.040 
0.03o 
0.035 
0.035 
0 • IlL 0 
0.043 
0.035 
0.034 
0.014 

VCOMPNT= 0.00443 

N,D,OIST.IX/Ll= 0.9~0 

DELTA*• 0,241 INS. H= 1.71 REVNOLOS NO.(BASEO ON THETA>= 7631.3 

OIST 
R-RI 
0.0511 
0. 1 0 u 
0.15\J 
0.200 
0.250 
0.300 
0.~50 
0,400 
0,450 
0.5\!0 
0.5~(1 

1). 60(1 
0,1>5ll 
0. 70ll 
0.7~11 
1),1\0(1 

O,HSO 

DIST 
RO-RJ 
0.027 
0.0~4 

0.01!1 
0. 1 0 ~ 
0.135 
0.161 
0.1118 
1). 215 
0.24.? 
0.269 
0.296 
0. 3<3 
0.3~0 
0. 377 
1).4(14 
0.431 
0.4':11 

DU/UMAX 
DR 

1 • 9 2 3 
0. 779 
0.805 
1 • 0 0 8 
1 • 061 
0.971 
0,851 
0,789 
0.799 
0.830 
0.1109 
0.701 
0,544 
0,439 
11,441 
0. "H9 
0.749 

SHEAR 
STRESS 
0,0038 
I). 0049 
0.0059 
0.0069 
0.0079 
0.0086 
0,0089 
0.0087 
0,0081 
0.0071 
[),0060 
I), 0048 
0.00~8 

0,002'1 
0.0020 
0.0011 
0,000? 

OI~SIPATION COFFFJCIENT= 0,004233 

EO.VJS. 
li,DEL* 

0.004 
0.013 
0.015 
0.014 
0.015 
0.018 
0. 022 
0.023 
0.021 
0. 01 8 
0.015 
0.014 
u. 01 4 
0.014 
0.010 
0,0117 
0.001 

REYNOLPS NORMAL STRESS. UCOMP~T= 0,01~36 

EO.VJS. 
UCRO-Ril 

0.0005 
0,0017 
0.0020 
0.0018 
0,0020 
0,0024 
0,00211 
0.0030 
o.oon 
0.0023 
0.0020 
0,0011'\ 
0.0010 
0,001t< 
0.001? 
0,000" 
0,0001 

MIX L 
DEL* 
0.09 
0.26 
0.28 
0.24 
0.2~ 

0.28 
0.33 
0.15 
0.33 
o.so 
0 . .?8 
0.29 
I) • 3 3 
0.36 
0.30 
0.2'1 
0.06 

MIX L 
(RO-Ril 
11.012 
0,034 
(1,1)36 
0.031 
0.032 
0.03n 
0.047 
0.04; 
0. 0 4 ~ 
0. u \9 
O.O.SA 
().0311 
0. 04 3 
0. 04 1 
0. 0 \'I 
0.03A 
!l.OOH 

VCOMPNT= 0.00319 
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DIFFU~~~ NON DIMt~SION~L LFNGTH = 7.5 

AXIAL DIST. FROM INLETIX) = 3.0011 INS. N.D.DIST.IX/LI= 0.400 

OUTfR WALL BLUE POSITION 

DFLTA•= 0.0~7 1~5. H= 1.29 REYNOLOS NO.IBASEO ON THETAJ= 3620.4 

OIST 
RO-R 
0.06~ 

0. 0 7~ 
I). 1 2 ') 
0. 1 7 ') 
11. 2 2 ~ 
0.27'> 
0. 3 2 s 
0. HS 
().425 
().47; 

olq 
RO-RI 
0.06'> 
0.07'> 
0.12'> 
0.17~ 

0. 72~ 
0.275 
u.32'> 
0.375 
0.42"> 
0.47) 

OlJ/liMAX 
OR 

1 • 91 1 
1.1,41 
0.9!l6 
0.738 
0.603 
0.521 
0.41S 
0.284 
u. 1 75 
0.066 

SHEAR 
STRESS 
0.0024 
0.0026 
0.0023 
0.0018 
c.oo111 
0.0016 
0.0011 
0.0009 
o.ooos 
0.0002 

EO. VIS. 
U.OEL* 

11.011 
0.014 
0.020 
0. 022 
0. 027 
0. 027 
0.023 
0.07'1 
0.024 
0.033 

DISSIPATION tOEFFICltNT= 0.001006 

REVNOLDS ~ORMAL STRFSS. UCOMPNT= (1.00199 

TABLE A21-14 

DIFFUSER NON DI.,ENSIONAL LENGTH = 7.5 

AXIAL OIST. fROM INLETIX) = 1.250 INS. 

OUTER WALL BLUE POSITION 

EO. VIS. 
UIRO-RI) 

0.0006 
0.0008 
0.0012 
0.0012 
0.0015 
0.0015 
0.0013 
0.0016 
0.0014 
0.0019 

MIX L 
0 EL* 
0.32 
0.38 
0.60 
0.72 
0.88 
0. 9 s 
0. 98 
1. 33 
1 • 56 
2. 96 

.,IX L 
lRO-Rl) 
0.018 
0. 022 
0.034 
0.041 
0.0">0 
0.0'>4 
0.0~6 
0.076 
0.089 
0. H'l 

VCOMPNT= 0.00020 

N.D.OIST.(X/Ll= 0.1~7 

OFLTA•= O.OR9 INS. H= 1.50 R~YNOLOS NO.IBASED ON THETA)= 43">4.1 

OIST 
RO-R 
0.02"> 
0.050 
0.07~ 
0.100 
11.12~ 

0. 1 50 
0. 1 7 ~ 
0.200 
n.250 
11.300 
o. 350 
0.400 
0.450 
n.~oo 

11.550 

DISl 
qQ-RI 
0. 02? 
0.044 
0.065 
0.087 
0. 1 0<1 
0. 1 31 
0.153 
0.175 
0.218 
0.262 
0.305 
0.349 
0. 39 3 
0.436 
0.480 

OU/lJMAX 
OR 

4.912 
~.482 

2.600 
2.035 
1 • 6 48 
1.363 
1 • 1 4 3 
0. 9 71 
0.746 
0.630 
0. 5 41 
0.413 
0.267 
0. 1 6B 
0.069 

SHEAR 
STR~SS 

0.0038 
0.0043 
0.0041 
0.(•035 
0.00?8 
0.0022 
0.0018 
0.0016 
0.0016 
0.0014 
0.0010 
0.0007 
0.0007 
0.0002 
0.0001 

DISSIPATION COEFFICIENT= 0.001970 

ED.VIS. 
II.DEL• 

0.004 
0.007 
0.00<1 
0.010 
0.009 
0.009 
0.009 
0.009 
0.012 
0.013 
0.010 
0.010 
0.015 
0.008 
0.007 

R~YNOLD. ~O~MAl STRFSS. UCOMPNT= 1).00277 

EO. VIS. 
lJIRO-Rll 

0.000.3 
0.0005 
0.0007 
0.0007 
0.0007 
0.0007 
0.0007 
0.0007 
0.0010 
0.0010 
0.0008 
0.0007 
0.0011 
0.0006 
0.0006 

MIX L 
DEL* 
0.10 
0. 15 
0.20 
0.23 
0.25 
0. 27 
0.29 
0.33 
0.43 
0.48 
0.46 
0.51 
0.79 
o.n 
1.10 

M I X l 
IRO-RI) 
0.008 
0.012 
0.015 
0.018 
11.0?0 
o. n £1 
0.023 
0.0?6 
0.033 
0.037 
0.036 
0.040 
I) • 0 61 
0.0'>7 
<1. IJf>o 

VCOMPNT= 0.00127 
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TARLF A21-1~ 

OlFfU~F~ NON DIMENSIONAL LENGTH = 7.'> 

AXIAL D!ST. fROM lNLETIXl ~ 2.200 INS. N.D.DIST.IX/Ll= 0.2u3 

OIJTFR wALL BLUF. POSITION 

DELTA*= 0.121 INS. H= 1.61 REYNOLOS NO.IBASED ON THETA>= 5203.2 

DIST 
RO-R 
0.02S 
o.osn 
1).075 
0.100 
0.12~ 

0.1':>0 
n. 1 n 
O.?OU 
I). 2 50 
0.3011 
0.3'>0 
0.400 
0 • 4., tl 
0.~011 

0.5':>0 
0.600 

DIST 
RO-HI 
0.020 
0.040 
0.0(,0 
0.080 
0.0'19 
11.119 
(I. 1 39 
0.1~9 
0.199 
0.259 
0.271l 
0.311l 
0.3'>8 
0.3Y8 
0.458 
0.477 

DU/UMAX 
DH 

3.827 
2.B!S1 
2.408 
2.140 
1 • 9 3 s 
1 • 7 3 4 
1 • '>22 
1 • 31 0 
0.954 
0.747 
0.(,':>9 

0.592 
0.479 
0.333 
0.226 
0. 1 2 8 

SHFAR 
STRESS 
0.0037 
0.0050 
0.0057 
0.0058 
0.0054 
0.0048 
0.0041 
0.0034 
0.0023 
0.0019 
0.001!1 
0.0016 
0.0011 
0.0007 
0.0005 
0.0001 

EO. VIS. 
ll.I>EL* 

0.004 
0.007 
0.010 
0. 011 
0.012 
0.012 
0.011 
0.011 
0.010 
0.010 
0. 011 
0.011 
0.010 
0.008 
0.009 
0.003 

DISSIPATION COEFFICIENT= 0.002632 

REYNOLDS NORMAL STRESS. UCOMPNT~ 0.00473 

TABLE A21-16 

DIFFUStR ~ON DIMENSIONAL LENGTH = 7.5 

AXIAL OJST. FROM INLETIXl = 3.150 INS. 

OUTFR WALL BLUE POSITION 

ED.VIS. 
UIRO-Rll 

0.0004 
0.0007 
0.0009 
0.0011 
0.0011 
0.0011 
0.0011 
0.0010 
0.0010 
0.0010 
0.0011 
0.0010 
0.0009 
0.0008 
0.0009 
0.0003 

M I X L 
DEL* 
0.09 
0. 1 4 
0. 1 8 
0.21 
0.22 
0.23 
0.25 
0.26 
0.30 
0.34 
0.37 
0.39 
0. 41 
0.46 
0.58 
0.43 

MIX L 
(RO-Ril 
0.009 
0.014 
0.018 
0.020 
0. 0 ?1 
0.0?> 
0.024 
0.025 
0.028 
0.033 
0.036 
0.038 
0.039 
0.044 
0.0~6 

0.042 

VCOMPNT= 0.00074 

N.D.DIST.IX/Ll= 0.42(l 

DFLTA*= 0.150 INS. H: 1.73 REYNOLDS NO.IBASED ON THETA>= 5638.9 

OIST 
RO-R 
0.025 
0. OSIJ 
0.07S 
0.100 
0. 1 2) 
0.150 
0. 1 7 s 
0.200 
n.250 
1).500 
1).350 
o.40IJ 
0.450 
0.500 
o.sso 
11.600 
O.h)IJ 

oJq 
~0-RI 

0.01ll 
0.037 
0.0)5 
0.073 
0.091 
0. 1 1 0 
0.12/l 
0. 1 4 6 
0.11>3 
0.219 
0.2)6 
0. 29 ~ 
0.329 
0. 366 
0.40? 
0.43'1 
0.475 

DU/UMAX 
DR 

3.353 
2.376 
1 • 9 3 2 
1. 77 3 
1 • 736 
1 • 7 2 4 
1 • 687 
1 • 60 7 
1 • 341\ 
1 • 0 55 
1).828 
0.685 
0.572 
0.446 
0.325 
0.274 
0. 1 3 0 

SHEAR 
STRE~S 

0.0032 
0.0044 
0.0052 
0.0058 
0.0061 
0.0061 
0.0059 
0.0055 
0.0043 
0.0032 
1).0024 
0.0020 
0.0017 
0.0013 
O.OOOR 
0.0006 
0.0002 

DISSIP~TION COEFFICIENT= 0.002967 

FD.VIS. 
U.DEL* 

0.003 
0.006 
0.009 
0. 0 1 1 
0.012 
O.tl12 
0.012 
0.011 
0.011 
0.010 
0.010 
0.010 
0.010 
0.010 
o.oox 
0.007 
O.Ou5 

R~YNOLDS NO~MAL STRFSS. UCOMPNT= 11.00~63 

ED.VIS. 
IJ(RO-Rll 

0.0004 
0.0007 
0.0010 
0.0012 
0.0013 
0.0013 
0.0013 
0.0111? 
0.0012 
0.0011 
0.0010 
0.0010 
0.0011 
0.0010 
0.000'1 
0.00011 
0.0006 

MIX L 
DEL* 
0.08 
0. 1 3 
0. 18 
0.20 
0. 21 
0.21 
0.21 
0. 22 
0.23 
0.25 
0.2!! 
o.sn 
0.34 
0.51l 
0.42 
0.43 
0.52 

M I X l 
(RO-Ril 
0.009 
0.014 
0.019 
(J. 0 2 2 
0.023 
0.023 
n.ozs 
0.0?4 
ll.•l?'l 
0. (J:" 6 
d.()){J 

0.0~~ 

0.037 
().0~1 

0.046 
0.047 
0.0~7 

VCOMPNT= O.OQ11R 
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TABLE A21-11 

DIFFUSFR NON DIMENSIONAL LENGTH = 7.S 

AXIH DlST. F~('M INLET(X) = 3.1Sil IN~. N.D.DJq,(X/L): 0,420 

OUTER WALL BLUf POSITION 

DFLTA•= 0.1~0 INS. H= 1.73 REYNOLDS NO.CBASFD ON THETA): 563!!.9 

OIST 
~O-R 

0,025 
0,050 
(1,07'> 
ll.101J 
n.1l'> 
11.150 
I) , 1 7 5 
0.200 
0.250 
0.300 
(1,35li 
0.400 
0.450 
o.~oo 

0.'>50 
1),600 
0,650 

OIST 
R0-~1 

0.018 
0.037 
0.055 
o.on 
0.091 
0.110 
\),128 
0,141> 
o .11n 
0.219 
0.2~6 
0. {9 ~ 
0.329 
0.366 
0.402 
0.459 
0.475 

OU/UMAX 
OR 

3.3~3 
2.37f> 
1. 932 
1 • 77 3 
1 • 7 3 6 
1 • 72 4 
1 • 68 7 
1 • 6 07 
1 • 3 46 
1 • os 3 
0.8211 
0.6!!~ 

0.572 
0.446 
0.325 
0. 27 4 
0.130 

SHEAR 
STRESS 
0.0044 
0,0059 
0.0067 
0,0071 
0.0073 
0.007? 
0,0070 
0.0065 
0.0052 
0.0031\ 
0,0027 
0.0021 
0.0017 
0.0012 
0.0008 
0.0005 
0.0001 

DISSIPATION COEFFICIENT= 0.003631 

EO. VIS. 
ll.DEL* 

0.004 
0,008 
0.011 
0,013 
0.014 
0.014 
0.014 
0,014 
0.013 
0. 01 { 
0. 0 1 1 
0.010 
0,010 
0.009 
0,008 
0.006 
0.003 

RFYNOLDS NORMAL STRFSS. UCO~PNT= 0.00663 

TABLE A21-18 

OlFFUSfW NON DIMENSIONAL LENGTH = 7.5 

AXIAL OIST. FROM INLET<X> = 3.150 INS. 

OUTER WALL GREEN POSITION 

ED.VJS. 
ll(RO-RJ) 

0.0005 
0.0009 
0.0013 
0.0015 
0.0015 
0,001'; 
0.0015 
0.0015 
0.0014 
o.oon 
0.0012 
0,0011 
0,0011 
0.0010 
0,000!1 
0,0007 
0,0003 

MIX L 
DEL* 
0.09 
0. 1 5 
0.20 
0.22 
0.23 
0.23 
0,23 
0.24 
0.25 
0.28 
0. 3 0 
0.31 
0.34 
0.37 
0.40 
0.39 
0.38 

MIX L 
(RO-Ril' 
0.010 
0. 017 
0.022 
0.025 
0.025 
0.025 
O.Oi?l> 
O.\lZ6 
0,028 
0.030 
0.033 
0.035 
0.037 
0.1141 
0.()44 
0. Qld 
0,042 

VCOMPNT= 0.00186 

N.D.DIST.(X/Ll= 0.4?0 

DELTA*= 0,150 INS. H= 1,73 REYNOLOS NO,IBASED ON THETA)= 5638.9 

DIST 
RO-R 
0.02':> 
0.0511 
0.07S 
0,100 
0. 1 2 5 
n. 1 5o 
0 .17 5 
0 • .'.00 
0,250 
0.300 
0,350 
0.400 
0.450 
1),50(1 

0,'>50 
11.1\UO 
ll.oSII 

DIST 
RO-R! 
0.011l 
0.037 
0.0~5 

0. 073 
0.091 
0 • 11 1) 

0.128 
0.146 
0. 1 8 3 
0.210 
0.2~6 

0. 29 ~ 
0. 3£<1 
0.366 
0.402 
0. 4 39 
0.47~ 

DU/UMAX 
OR 

3.353 
2.376 
1 • 9 32 
1 • 773 
1 • 7 3 6 
1 • 7 2 4 
1 • 68 7 
1 . 607 
1 • 3 46 
1 • 0 5 ~ 
0.11£8 
0.685 
0.572 
0.446 
0. 3 2 ~ 
0. 274 
0.130 

SHEAR 
STRESS 
0,0037 
0.0051 
0.0062 
0.0070 
0.0073 
0.0073 
1). 0070 
0.0064 
0.0049 
0,0034 
0.0024 
0,001Y 
0.0016 
0,0011 
0,0001> 
o.nou~ 

1),0000 

UI\~II'AT!O~ COIFF!tllNT= 1,(10~40h 

ED.VIS. 
li,DEL* 

0,004 
0.007 
0.011 
0,013 
0.014 
0.014 
0.014 
0.013 
0.012 
0.011 
0.010 
0. 01)9 
0.009 
0.008 
[i,()Qf, 

0,006 
ll,001 

ED.VIS, 
U(RO-Rll 

0.0004 
0,0008 
0,0012 
0.0014 
0.0015 
0.0015 
0,0015 
0,001'> 
0.0013 
0.0012 
0.0011 
0,0010 
(),0010 
o.oooc; 
0,0007 
0,()001> 
0,01101 

MIX L 
DEL* 
0,09 
0. 1 4 
0. 19 
0.22 
0.23 
0.23 
0.23 
0. { 3 
0.24 
O.l6 
0,2B 
~.30 

0.33 
0,5) 
0. 3 6 
(). 37 
O.tt, 

MIX ~ 

(RO-Ril 
0.009 
0.016 
0.0?1 
0.0?4 
0.025 
o.nzn 
fl.O?o 
0.0{6 
0. 027 
0.029 
0.031 
0.033 
0,036 
0.03'l 
0.040 
0. 0 ~ 0 
0.11(/, 

VCUMPNT= U.0017X 
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TA~LE A21-1'1 

DT~FU~tP NON n&MENSJONAL LENbTH = 7.~ 

AXI~L DIST. fROM !NIET(X) = 3.15!1 INS. N.D.DI~T.<X/L): 0.410 

UUTEP W•LL RtP P0S1TION 

i>FLTA•= 0.150 INS. H= 1.73 REYNOLDS NO.<BASED ON THETA>= 5638.9 

DIST 
RO-R 
0.0?) 
0.051) 
0.07) 
tl.1UO 
11.12) 
0.1~11 
!1.17~ 

11.1.011 
o.tSII 
0. ~0(1 
11.1)(1 

11.40(1 
11.45(1 
o.sou 
O.S)o 
0.60(1 
11.6)(1 

QIST 
RO-RI 
0.018 
O.OS7 
0.055 
0. 073 
0.091 
0.110 
0. 1 2 8 
0.146 
0. , b 3 
0.?.1'1 
0.256 
0.2'13 
0.329 
0. 3t>l\ 
0.40.! 
0.439 
0.47~ 

DLI/UMAX 
DR 

3.353 
2.376 
1 • 9 3 2 
, • 773 
, • 736 
, . 72 4 
1. 6IH 
1. 607 
1 • 3 46 
1 • 0) 3 
0.828 
0.685 
11.57./ 
0.44(> 
0.32) 
0. ?74 
0. 1 30 

SHEAR 
STRtSS 
0.0037 
0.0050 
0.0061 
0.0069 
0.0075 
0.0078 
0.0077 
0.0073 
0.0058 
0.0041 
0.00211 
0.0022 
0.0021 
0.0018 
0.0013 
0.0007 
0.0008 

EO. VIS. 
U.OEL* 

0.004 
0.007 
0.010 
0.013 
0.014 
0.015 
0.015 
0.015 
0.014 
0. 013 
0.011 
0.011 
0.012 
0.014 
0.013 
O.OOB 
0.019 

DISSIPATION LOFFFICIENT= 0.003679 

REYNOLDS NORM4l STRESS. UCOMPNT= 0.00676 

TABLE A21-20 

Dl~FUStR NON DIMENSIONAL LENGTH = 7.5 

AXIAl DJST. FROM INLET(X) = 4.100 INS. 

OlllER WALL BLUE POSITION 

EO. VIS. 
U(RO-Rll 

0.0004 
0.0008 
0.0012 
0.0014 
0.0016 
0.0016 
0.0017 
0.0017 
0.0016 
O.Oil14 
0.0012 
0.0012 
0.0013 
0.0015 
0.0014 
0.0009 
0.0021 

M I X L 
DEL* 
0.08 
0. 1 4 
0. 19 
0.22 
0.23 
0.24 
0.25 
0.25 
0.27 
0 • .19 
0.30 
0.32 
0.38 
0.45 
0.51 
0.45 
1. 00 

MIX L 
(RO-RI) 
0.009 
0.015 
0.021 
0.024 
0.026 
0.026 
0.027 
0.028 
0.029 
0.031 
0.033 
0.036 
0.041 
0.050 
0.056 
0.050 
0.109 

VCOMPNT= 0.00399 

N.D.O!ST.(X/Ll= 0.547 

DELTA•= 0.1'11 INS. H= 1.88 REYNOLOS NO.(BASED ON THETA)= 6244.4 

fl I S 1 
RO-R 
I) • Q 2 ~ 
0.05(1 
0.07~ 
0. 1 0 0 
0.150 
0.200 
0.?50 
0.300 
I) • 350 
0.400 
1). 4 50 
o.sou 
<1.550 
0.1>00 
0.650 
0.700 
0.750 

Dl~T 

Rll-RI 
0. 01 7 
0.034 
0.051 
0.068 
<J.1U1 
0. 1 3 5 
0., 6'1 
0.203 
0.237 
0.271 
0.304 
0.331'\ 
:.J. 372 
tl.406 
0. 4411 
0.474 
0.507 

DU/lJMAX 
DR 

3.42v 
2.212 
1 . 70 6 
1 . 56 4 
1 • 61 0 
1 • 5 HR 
1 • 41 8 
1 • 2 09 
1 • 0 39 
0.911 
0.786 
0.641 
0.497 
0.404 
o. H9 
0.256 
0. 023 

SHEAR 
STRESS 
0.0028 
0.0038 
\).0047 
0.0054 
0.0065 
0.0069 
0.0065 
0.0056 
0.0044 
0.0034 
0.0026 
0.0021 
0.0017 
0.0012 
O.OOO!l 
0.0006 
0.0001 

DISSIPATION COFFFICJENT= 0.003586 

EO. VIS. 
U.DEL• 
0.002 
0.005 
0.007 
0.009 
0.011 
0.011 
0.012 
0.012 
0.011 
0.010 
0.009 
0.009 
0.009 
0.008 
0.006 
0.006 
0.017 

REYNOLDS ~ORMAl STRESS. UCOMPNT= 0.00800 

ED.VIS. 
U(RO-Rll 

0.0003 
0.0001'\ 
0.000'1 
0.0012 
0.0014 
0.0015 
0.0015 
0.0016 
0.0014 
0.0013 
0.0011 
0.0011 
0.0011 
0.0010 
0.0007 
0.0008 
0.00?1 

M I X L 
DEL* 
0.06 
0. 1 0 
0. 1 5 
0.17 
0. 1 9 
0. 19 
0.21 
0.23 
0.24 
0.24 
0.24 
0.27 
0.30 
0.32 
0.28 
0.35 
1 • 9 3 

MIX L 
(RO-Ril 
0.007 
0. 01 3 
0.019 
0.022 
0.024 
0.025 
0.027 
0.030 
0.031 
0.031 
0.031 
0.034 
0.039 
0.041 
0.037 
0.045 
0.249 

VCOMPNT= 0.00169 



54{, 

TABLE A21-21 

AXIAL D!ST. FRO~ INlET(Xl = 5.050 INS. N.O.OIST.(X/LJ= 0.673 

O~TFR WALL BLUE POSITION 

DELTA*= 0.224 INS. H= 1.97 REYNOLOS NO.(BASED ON THETA>= 6778.1 

OIST 
RO-R 
0.025 
0,0)0 
0,07) 
0.100 
0.150 
n.2oa 
1),250 
0,3011 
0,350 
0.4011 
0,450 
0,500 
1),550 
0.600 
1),650 
0,700 
n. 75•> 
n. 8 o 'l 

OIST 
RO-Rl 
0. 016 
0.0~1 

0.047 
0.063 
0.094 
0,126 
0. 1 57 
I). 1119 
0.220 
0.252 
0,283 
0. 31 5 
0.346 
0.378 
0.409 
0.441 
0. 472 
0.503 

OU/UMAX 
DR 

3.700 
1 . 9 89 
1 • 2 46 
1 • (\48 
1 • 2 55 
1 • 45 2 
1 • 4 0 0 
1 • ? 2 5 
1 • 09 4 
1 • 066 
1 • 0 7 4 
1 • 0 01 
0,780 
0.472 
0.263 
0. 1 8 8 
0. 1 1 3 
0.0311 

SHEAR 
STRESS 
0,0024 
0.0033 
0,0042 
0,0050 
0,001'16 
0,007R 
0.00~2 
0,0017 
0.0061\ 
0.00'>4 
0.0043 
0.0034 
0,0028 
0.0021 
0.0014 
0.0006 
0,0003 
0.0004 

ED.VIS. 
U.DEL* 

O.Ou1 
0.004 
0.007 
0.011 
0.012 
0.012 
0.013 
0.014 
0.014 
0.011 
0.009 
0.008 
0.01)8 
0.010 
0. 01 2 
(\,008 
0.00'> 
0. 022 

DISSIPATION COFFFICIENT= 0,004092 

RFYNOLD~ NORMAl STRfSS. UCOMP~J= 0,01063 

TABLE A21-22 

DIFFUSER ~ON DIMENSIONAl LENGTH = 7.5 

AXIAL DIST. FROM INLET(X) = 6.000 INS. 

OIJTER WALL BLUE POSITION 

ED.VIS. 
II(RO-RI) 

0,0002 
0.0005 
0,0011 
0.0015 
0.0017 
0.0017 
O.OU1i! 
0.0020 
0,0019 
0,0016 
0.001? 
0.0011 
0.0011 
0.0014 
0.0016 
0,0011 
0,0007 
0.0031 

M I X L 
OE L * 
0.04 
0.09 
0. 1 6 
0. 21 
0.20 
0. 19 
0.20 
0.23 
0.23 
0.22 
0. 1 9 
0. 1 8 
0.21 
0.31 
0.44 
0.42 
0,45 
1 • 61 

MIX L 
(RO-RII 
0,006 
0. 013 
0.023 
0.030 
0.029 
0.027 
0.029 
0.032 
0.033 
0.031 
0.027. 
0.026 
0.030 
0,043 
0.063 
0.060 
O,Ob3 
0.2?8 

VCOMP~T= 0.00233 

N.D.DIST.(X/Ll= 0,800 

DELTA*= 0,279 I~S. H= 2.13 REYNOLDS NO.<BASED ON THETA>= 7522.8 

DIST 
RO-R 
n,02~ 

O.O'>IJ 
0.100 
0.1~\1 

n.zoo 
0.250 
n.>OO 
(). 3'>11 

0,400 
() • 4 s (J 
11.'>011 
11, ... ,0 
•). 6011 
O.tl~tl 

:1,700 
0,7)0 
II,HOO 
11,1'\50 

DIST 
RO-RI 
0.01'> 
0.029 
0.0~<1 

0,01.1~ 

0.111\ 
1),147 
0. 1 16 
0.201> 
0 .?3'> 
0.21>'> 
0,{'14 
n. ~14 
I) • I '> I 
0. ~~-~ 
0.41? 
0. 4 41 
0.471 
0.500 

OU/LIMAX 
DR 

2. 8'15 
1 . 75 5 
0. 9 54 
0. 982 
1 • 1 51 
1 • 2 3 2 
1 • ? 1 7 
1 • 1 6 7 
1 • 1 29 
1 • 1 1 1 
1 ,11/l/) 
1 • 01 ~ 
0,1171 
o. (> n 
0.4~0 

0.149 
0.314 
\l • 2 7 3 

SHEAR 
STRESS 
0,001) 
0,0023 
0.0041 
0,0057 
0,0069 
0.0078 
0.001\3 
0,0(186 
0. (1(11\~ 
0,(1(179 
o.oor,9 
o.oo'>4 
IJ.005i' 
0. OON 
0.001.! 
0.0008 
0.0007 
0.0002 

D!SSIPATIOh COEFFICIENT= 0,004542 

ED.VIS. 
ti.DEL* 

0.001 
0.002 
0.008 
0.010 
0.011 
0.011 
0.01? 
0. 013 
0.014 
11,01>: 
0.011 
0,01(1 
O.PIIK 
0,0111• 
0.004 
0,004 
0,0>14 
0.002 

ED,VIS, 
II(RO-RI) 

0,0002 
0.0004 
0.0013 
0.0017 
O.OOHI 
0.001'1 
0.00?0 
0.0022 
0,002? 
0,01121 
0.001'1 
0,0016 
0,\1011 
0,\11110 
0. Otl07 
O.Otl0<' 
0,00fl7 
0,0003 

MIX L 
OEL* 
0.03 
0,07 
0. 17 
0. 19 
0. HI 
0. 111 
I) • 1 9 
11.20 
() . 21 
0,?0 
11.19 
11.111 
t1 • 1 11 
o. H 
() • 1 11 
O.lO 
0.22 
0. 1 4 

MIX L 
(RO-Ril 

0,0(16 
0. 01 1 
o .. J21l· 
11.~•32 
0.030 
0,1)3'1 
0 • •JS 1 
0.0~~ 

O.OH 
0,1}'1\ 

0.\l~/ 

I) • 11 '0 
o.o?<i 
ll.lll'i 
0.030 
0.03) 
').036 
0.0?\ 
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TARL" A21-?5 

~TFFU~FP ~ON nJ~E~SJONAl LFNGTH = 7.5 

AXIAL OIST. F~llM INLET<Xl = 7. '50 1~\. N.D.DIST.(X/Ll= 0.9~0 

OUTEH WALL BLUE POSITION 

DeLTA*= 0.358 INS. H= 2.35 REYNOLDS NO.<BASED ON THETAl= 8226.7 

QIST 
QO-R 
'). 0 50 
0.100 
0.150 
0.200 
0.250 
0.300 
0.400 
o.~oo 

11.1>00 
'). 7 0 0 
0.800 
0.900 

DIST 
Rll-RI 
o.ou 
0.054 
0.081 
0.10~ 

0. 15':> 
u.1o1 
0. ? 1 ~ 
0.269 
0. 3 2 3 
0. 317 
0. 4 31 
0.484 

DU/llMAX 
DR 

1 . 3 55 
0.843 
0.801 
0.1190 
0. 977 
1 • 0 3 ~ 
1.1()3 
1 • 1 u 4 
0.929 
0.6'16 
0. 79 2 
0.529 

SHEAR 
STRESS 
0.00211 
0.0045 
O.OOS9 
0.0072 
O.OOi\4 
0.0094 
0.0107 
0.0104 
o.OO'l(l 
0.0068 
0.0036 
0.0012 

ED.VIS. 
iJ.DEL* 

0.003 
0.007 
0.010 
0. 011 
0.012 
0. 013 
0.014 
0.013 
0. 013 
0.014 
O.Ollt> 
0.003 

DISSIPATION COEFFICIENT= 0.006149 

HFYNOLPS NORMAL STRFSS. UCOMPNT= 0.01747 

TABLE A21-t4 

DIFFUSER NON DIMENSIONAL LENGTH = 7.5 

AXIAL DIST. ~ROM INIET<Xl = 7.350 INS. 

OUTER wALL BLUE POSITION 

ED.VIS. 
U(RO-Rll 

0.0006 
0.0014 
0.0020 
0.0022 
0.0023 
0.0025 
0.0021\ 
0.002~ 

0.0026 
0.00?6 
0.0012 
0.0006 

M I X L 
DEL* 
0.08 
0. 16 
0. 19 
0. 1 Q 
0. 1 9 
0. 19 
0. 19 
0. 1 8 
0.20 
0.23 
0.15 
0. 1 3 

MIX L 
(RO-Ril 
0.015 
0.030 
0.037 
0.036 
0.036 
0.0.56 
0.036 
0.03~ 

0.039 
ll.U4~ 

0.0711 
o.o<~ 

VCO~PNT= 0.00407 

N.D.D!ST.(X/Ll= 0.980 

D~LTA•• 0.358 INS. H• 2.~5 REYNOLOS NO.IBASFD ON THETA>• 8226.7 

QIST 
RO-R 
o.oso 
1).100 
0. 1 50 
0.200 
0.250 
0.300 
0.400 
o.~OfJ 

0.600 
0.700 
0.800 
0.900 

D I S T 
RO-RI 
0. 027 
0.054 
0.081 
0. 1 08 
0. 1 3 5 
0. 1 61 
0. 21'>• 
0.269 
0. 3 2 3 
0. 377 
0. 4 31 
0.484 

DU/UMAX 
DR 

1 • 3 55 
0.1143 
0.801 
0.890 
0. 977 
1 • 0 3 5 
1 • 1 0 3 
1 • 1 0 4 
(). 9 29 
0.696 
0. 79 2 
0.529 

SHEAR 
STRE~S 

0.0024 
0.0043 
0.0061 
0.0076 
O.OOi\9 
0.0099 
0.0111 
0.0108 
0.0088 
0.0060 
0.0032 
0.0()12 

DISSIPATION COEFFICIENT= O.OOo163 

FD.VIS. 
U.DEl* 
0.002 
0.007 
0.011 
0.012 
0. 013 
0.013 
0.014 
0.014 
0.013 
0.012 
0.006 
0.003 

RFYNOLDS NOQMAl STRFS~. UCOMP~T= 0.01747 

ED.VIS. 
U(RU-R!l 

0.0005 
0.0014 
0.0020 
0.0023 
0.0024 
0.0026 
0.0027 
0.0021) 
0.0025 
0.0023 
0.0011 
0.0001'> 

MIX L 
DEL* 
0.07 
0., 5 
0. 19 
0. 1 q 
0. 1 q 
0. 19 
G. 1 Q 
0. 1 q 
0.20 
0.22 
0. 1 4 
0. 1 3 

MIX L 
(RO-Ril 
0.014 
0.030 
0.037 
0.037 
0.037 
0.037 
(\.036 
0.036 
0.038 
0.042 
0.1127 
0.0(5 

VCO~PNT= 0.00369 
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TARLt A21-25 
DIFFUSFR NON DIME~~IONAL LENGTH = 7.~ 

AXIAL DIST, •qoM INLETIXJ = 7.350 INS. 

OUTER WALL G~·tN POSITION 

N,D,DIST.IX/LJ= 0.9HO 

DELTA•= 0, 351l INS. ~= 2, 3'> REVNOLDS NO, ISASED 0~ THETA)= !!226. 7 

~1ST 

RO-R 
0,051! 
n. 1 o tl 
11,150 
n,;oo 
0.?50 
0. soo 
1),40!1 
II.~Ofl 

0,60!1 
ll.70ll 
tl,KOtl 
O,<JUO 

DIST 
RO-kl 
1),tl21 
0.054 
0. 0 81 
0. 1 08 
0 • 1 3 s 
0. 1 61 
t}. 21 ~ 
0 • 2 69 
u • s < ~ 
IJ. H 7 
0 • 4 31 
0,484 

DU/UMAX 
OR 

1 • 3 5 ~ 
tl,l\43 
0,1\01 
!1,1\90 
0,977 
1 • 0 3 5 
1 • 1 0 3 
1 • 1 0 4 
0,92\1 
!1,69~ 

tl,792 
11,52~ 

SHEAR 
STRESS 
0,0026 
0,11035 
0,0049 
0,0067 
tl,OllrlH 
tl • I) 1 I) 5 
0,0121 
u.0115 
u.oi19'> 
0.0066 
o.OOH 
0,0021 

ED.VI~. 

11. DEL* 
0. v 0 3 
11.001> 
0,001\ 
0.011 
(1,1)13 

tl.014 
0.015 
0,01~ 

tl,tJ14 
0. 01 ' 
0,007 
o.uoc-

DISSIPATION (!IEFFICIENT= 0,006515 

REYNOL[IS !t/ORMAL STRFSS. UCOMPNT= !1,01747 

TABLE A21-26 

OI.FUSE~ ~ON DIMENSIONAL LFNuTH = 7,5 

AXIAL DIST, FROM INLETIXJ = 7.3~0 INS. 

OIITFR 1-:ALL RtD POSITION 

ED.VIS. 
UIRO-RIJ 

0.0005 
0.0011 
0.0010 
0.0020 
0,0024 
0,0027 
0.0030 
0.002H 
0,0027 
0,0021> 
0.0013 
0,0011 

MIX L 
0 f L * 
0.07 
0. 1 4 
I). 17 
0. 1 8 
0. 19 
0.20 
O.iO 
0. 19 
0. 21 
0,23 
0. 1 5 
0. 1 7 

'11 X L I 
(RO-Ril, 
0.014 
0.0?7 
tl,033 
0.035 
0,036 1 

0.0311 
0. 0 I R 
0.037 
0,040 
0.04~ 

0.02<l 
0,035 

VCO~PNT= 0,00832 

N,D,DIST.(X/LJ= 0,9~0 

DFLTA•= 0.3~K INS. H= 2.3~ P~VNOLDS NO.IBASED ON THETA>= 1\226,7 

DI~T 

~O-R 

0,050 
0,100 
<1,150 
0,?00 
0,250 
0,300 
11,400 
1). 500 
0.60(1 
0,700 
t),!\00 
0,900 

DIST 
RO-RI 
o. oa 
0.0~4 

O,OB1 
0. 1 0 8 
0.135 
0. 1 61 
ll,21~ 

0,269 
0.32~ 

0. 377 
\),431 
0,48.4 

011/UMAX 
OR 

1 • 3' 5 
0,!143 
0,1\01 
0.1\9 0 
0. 977 
1 • 0 3 ~ 
1 • 1 0 ~ 
1 • 1 0 4 
0,92\1 
0.1>96 
n. 79 2 
0.">29 

~HEA~. 

STRE~S 

O,OU?S 
!),0041\ 
0,0065 
0,0077 
0,001'.7 
!),0096 
0,010':1 
0,0106 
0,0040 
0,0072 
(),0040 
0,0009 

OISSIPATIO~ CtltFFICIENT= 0,006277 

EO. VIS. 
li.PEL* 

U.U03 
0.0\)li 
0.011 
0.012 
0.012 
0.013 
0.014 
0. 01 3 
0.013 
0,014 
0.007 
0,002 

REYNOLD~ "JORM~L STRFSS, UCOMP~T= tl,0170:.7 

ED.VIS. 
IIIRO-RI> 

0.0005 
0,0015 
0.0022 
0,0023 
0,0024 
0.0025 
0,0027 
O,llOZf. 
0.0021\ 
0. Oll28 
0,0013 
0,0005 

MIX L 
nE I * 
0.07 
0. 1 6 
0.20 
0. 1 9 
0. 1 9 
n. 19 
(). 1 9 
0 • 1 il 
0.20 
0.<'4 
n. 1 6 
0 • 1 1 

M I X L ; 
(RO-Ril' 
0~011. . 
0.0~1 

0.03/l 
0.03R 
0.03t> 
0.036 
ll. 0 5 b 
!) • 13 ~ 
0.039 
(1,01.,<, 

O.ll.\0 
,, • 0 7 2 

VCO~P~T= tJ. ilO~.~i\ 
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TABLE A21-U 

Di~FU~tk ~ON D!Mf~SJONAL LENLTH = 7.~ 

AXI~L DI~TANC~ FROM OUTLET• 3.75 INS. 11 HYDRAULIC DIAMETFRI 

INNfR ~ALL bLUE POSITION 

D•LTA•= 0.24~ INS. H= 1.62 REYNOLDS NO.IBASEO ON THETA)• 7629.6 

ni;r 
P-R I 
11.02~ 

11.0~0 

11.100 
ll. 2 00 
0 • ) 0 (I 
ll.4Ul• 
•1.~0(1 

rl. I> U IJ 
11.700 
o.HOO 
O.ll~U 

DIST 
RO-RI 
0. 01 3 
) • 027 
0.0~> 

0.107 
0.160 
u. ?n 
O.?o7 
0.>20 
o. H3 
0.41.1 
0.4~' 

DIJ/UMAX 
DR 

3.'1/J? 
1 • 1\2 4 
0.446 
o.R47 
0.716 
0.~~1 

ll.R10 
n. R 1 2 
0.44/. 
0.536 
0.411> 

SHEAR 
STRESS 
0.0031 
0.003!! 
0.004/l 
0.006!! 
o.ooR1 
0.001\4 
o.OOI\1 
U.0069 
0.0045 
0.0023 
0.0013 

DI~SIPATION COFFFICIENT= 0.004035 

ED.VIS. 
U.DEL* 
o.uo2 
0.004 
0. 0?2 
o.o1n 
0.0/.3 
0.0>1 
0.0/.0 
0.017 
0.021 
0.0\)Q 
0.006 

Ef•.VIS. 
UIRO-RI) 

0.0002 
O.OOOn 
0.0029 
0.0021 
0.0030 
0.0041 
0. 00 27 
0.0073 
0.0027 
0.0011 
0.0008 

M I X L 
DEL* 
0.04 
0. 1 0 
0.4~ 

0.2!! 
0.36 
0.48 
0.32 
0. -~ 0 
0.44 
0.26 
0.25 

MIX l 
(RO-Ril 
0.005 
o .on 
O.OS9 
0.037 
o.04R 
o.uo~ 

0.042 
0.039 
0.057 
0. 034 
0.032 

REYNOLPS NORMAL STRESS. UCOMPNT= 0.01234 VCOMPNT= 0.00410 

TARLE A21-21l 

DlfFUS~• NON DI~ENSIONAL LENLTH = 7.~ 

AXIAL PISTANCF FROM OUTLET= 7.50 INS. <2 HYDRAULIC DIAMETERS) 

!NNtR WALL LRIEN POSITION 

DHTAn 0.191 INS. H= 1.4' REVNOLOS NO.IBASED ON THETA>= 5974., 

niST 
OIST 
R-Ill 
li.02~ 

0.050 
0.100 
n.15o 
•) .100 
0.2,0 
0.300 
Jl.350 
ll. 400 
f). 4 ~ ,, 
n.'>OO 
ll.'>:>O 
n.hiJ'I 

OIST 
DIST 
R0-~1 

t). 01 ~ 
o. ou 
t) • 0 ~ ~ 
o.oxo 
0. 1 0 l 
<l.1~~ 

0.161) 
0.1!17 
0. 21 3 
0.240 
0.267 
(). 29 ~ 
0.)21) 

DIJ/UMAX 
DU/IJMU 

DR 
2.697 
.'.095 
1 • 2 2 R 
o.721 
0.476 
1). 406 
f). 442 
u. 523 
0.60~ 

Q.650 
1J. <'>6 ~ 
tl. 613 
(). 520 

SHEAR 
SHEAR 
STRESS 
0.00"31 
0.0035 
0.0044 
0.0051 
0.0056 
O.OOI'JO 
0.0060 
0.0059 
o.ooss 
0.0049 
0.004(1 
0.0027 
o.noo9 

lll5~1PATION LOffFICII:NT= 0.002144 

EO.Vl~. ED.VIS. 
I:D.VI!>. ED.VIS. 
U.DEL* U(RO-RJ) 

0.003 0.0003 
O.UU4 0.0004 
O.OlJ9 O.OOOQ 
0.01/l 0.0019 
0.031 0.003? 
0.031\ 0.0039 
0.036 0.0037 
0 • 0 3 0 0 • 0 1l 3 0 
(J.024 0.0024 
0.020 0.0020 
0.016 0.0016 
0.011 0.001? 
0.004 0.0004 

riU,.lJI[J~ NORMAl STkfSS. UCO~PNT= IJ.Ull?SG 

M I X L 
MIX l 

DEL• 
O.OH 
0. 1 0 
0.20 
0.37 
0.~1:1 

0.70 
O.t>~ 

0.~4 

0.45 
0. 39 
0.35 
0. 3, 
0. 2, 

MIX L 
MIX L 

(RQ-Rll 
o.ou~ 

0.011 
0.020 
0.037 
0. 0 59 
0. 07? 
O.fr6t> 
(I • (I 5 ~ 
0.046 
0.04l• 
ll.ll31> 
0.032 
0. 0 21 
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TABLE A21-29 

D!tFU~tR NON OI~ENSIONAL LE~GTH = 7.> 

AXIAL ~!STANCE FRO~\ OUTLET= 11.25 INS. 
13 HYDRAULIC DIAMETfR&l 

JNNFR WALL RED POSITION 

0. 1 2Y I 'IS . H= 1 • 3 2 RtYNOLDS NO. I BASED ON THETA I= 4065.9 
IHL TA*= 

pJ<;l DIST D\J/UMAX SHEAR FD.VIS. ED.VJS. ~1 I X L MIX L 

~-RI RO-RI OR STRtSS U.DEL* UIR0-~1) DEL* (PO-PI I ' 

o.o,., 0.013 4.7)~ 0.0023 0.002 0.0001 0.06 0.0114 

·1.0~0 0.027 2.4)~ 1).0021> 0.004 0.0003 0 • 1 1 ll • 0 0!\ 

1.1011 l).ll)~ I) • 6 51\ 0.00~9 0.023 0.0016 0.52 0.031> 

1.2vu I) • 1 0 1 {1.~4~ O.OOS1 0.037 tl.0025 0.72 0.0)0 

'l.~UlJ 1).11>0 11.441 1!.0061 0.053 0.0037 0.97 0.067 

I). 4 0 i1 0. ?H 0.369 0.00~8 0.061 0.0042 1 .13 0.0711 

".~till I) • 2 6 1 I) • 50 3 0.0054 O.U4c 0.00?9 0.80 0.055 

<l.oUII 1).~20 1!.3;11 0.0043 0.047 0.003? 1 . 0 1 0.069 

'l.7UIJ o.~?~ o.231 1!.0024 0 • 0 4 () 0.0027 1 • 1 6 o.u~<O 

DIS~IPATION COEFFICIENT= 0.00~43b 

RFYNOLDS ~ORMAL STRFSS. UCOMPNT= 0.01026 
VCOMPNl= 0.00o08 

TABLE A21-30 

Dl,FUSER NUN DIMENSIONAL LENGT~ = 7.5 

AXIAL ni~TANCE FROM OUTLET= ~.75 INS. 
11 HYDRAULIC DIAMETEq) 

O<ITtR ~IALL BLUF POSITION 

DeLTA*= 0.25~ INS. H= 1.71 REV~OLPS NO.IBASED ON THETAl= 7579.5 

nJ~T 

~O-R 

•1.051! 
1!.100 
.).1~1) 

o.~oo 

tl. 251! 
t) • ~ 0 0 
t). 4 u 0 
~.5011 

O.oOll 
o.700 
·l. 1\0 0 
o.9Uil 

Dl q 
RO-RI 
0. 02? 
0.053 
I). Ollll 

0.107 
,) • , 3 ~ 
0.160 
0. 21 3 
0.267 
0. 3 2 0 
0. 37 5 
u. 427 
u.4i!<l 

DU/UMAX 
OR 

1 • 4 4 0 
o.4tn 
0.410 
1).570 
o. o9 s 
0.72' 
o.o80 
0.752 
0.840 
11.71) 
o.S09 
n.2~1 

SHEAR 
STRESS 
0.0041 
0.0061 
0.0079 
0.00'/4 
0.0108 
0.0119 
0.0134 
0.0134 
0.0122 
0.00'17 
IJ.0060 
u.002) 

EO.VIS. 
U.DEL* 

0.00'> 
0. 0 2 ~· 
0.037 
0.03? 
0.030 
0.03? 
0.038 
0.035 
0.0211 
O.Uc~ 

0.023 
0.017 

D!~SIP~TION LllEFFIC!ENT= 0.006114 

REYNOLD~ NORMAl STRFSS. UCOMPNT= 0.01850 

EO.VIS. 
U(RO-Rl) 

0.0007 
0.0034 
0.00)1 
0.0044 
0.0041 
0.0044 
0.0052 
0.00411 
0.0039 
0.0036 
0.003? 
0.00?3 

MIX L 
DEL* 
0. 1 2 
0.44 
0.)9 
0.47 
0.41 
0.41 
0.47 
0.4? 
0.3<'> 
0.311 
0.42 
0.48 

MIX L 
CRO-P I I, 
0.01? 
0.0~1 

O.OH2 
0.01>4 
0.056 
O.OS7, 
O.OM I 

' 0.051\' 
0.050; 
0.0'>2, 
0.05/l. 
0.067' 

vco~PNT= o.oo~94 
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TAB LE A21 -31 

OIFFU~E~ ~ON DIMENSIONAL ltNGTH = 7,S 

AXIAl Dl\TAN('~ F~OM OUllFT• 7,50 INS. <l HVDPAIJliC DIAMETER~) 

OUTf~ WALL uRFEN POSITION 
DFLTA•• 0,193 INS. H• 1,47 REVNOLDS NO.<BASFD ON THETA>= 

DIST DIST DU/UMAX SHEAR ED.VIS, ED.VIS. MIX l 
RO-R R0-~1 OR STRESS IJ.OEL• UlRO-RJ) OEL* 
o.o~u o.Ol7 1.497 o.0042 o.oo7 o.ooos 0.16 
n.1oo o.o5~ o.722 o.OU62 o.o27 o.oo23 0,40 
0,150 0,0/lO 0,49~ 0,0079 0.04? 0,0043 0,66 
0.200 0,107 0.468 0.0095 0.052 0,0054 0,76 
0,300 U,1b0 0,499 0,0126 0,065 0.0067 0.82 
0.400 0.213 0,503 0.0163 0.084 0,0087 0.9~ 
1),500 0,?67 0,554 0.0204 0.095 0,009!1 0,94 
a.60D o.320 11.600 0.02~3 0.101 o.0104 o.93 
0.700 0.373 11,538 0,0244 0.117 0.0121 1.06 
O,ROII 0,421 0,402 0,0233 0,150 0,0155 1.39 
(),900 0,4/l<l 0,124 1),0204 0.427 0.0440 4.23 

DISSIPATION COEFFICIENT= 0,007771 

5974.5 
M I X L 

lRO-Pll 
0.016 
0,041 
0.068 
0.07~ 

0.085 
0. 096 
0.097 
0. 09 6 
0.109 
0. 1 4 3 
0.436 

RFYNOlDS ~OAMAL STRESS. UCOMPNT• 0,026(10 
TABLE A21-32 

VCOMPNT• 0.01402 

DIFFUS~P NON DIMENSIONAL LFNGTH • 7.5 

AXIAL DISTANCE FROM OUTLET• 11.25 INS. (3 HYDRAULIC DIAMETERS) 

OUTER WAll REO POSITION 
OtlTA•= 0.126 INS. H= 1.28 REYNOLOS NO. <BA~EO ON THETA)• 
nl~T 0151 OU/UMAX SH~AR ED.VIS. EO,V!S. MIX l 
RU-N RO-NI DR STRESS U.OEL* U(RQ-Pll O~L* 

0.050 0.027 1.895 0,0038 0.008 0.0005 0.18 
q,1UO 0.05~ 11,870 0,0047 0.021 0.0014 0.44 
0.1~0 0,080 11,518 0,0058 0.044 Q,OU30 0.82 
0,2(11) 0.107 0,430 0,0069 0.063 0.0043 1.0~ 

0.100 0.160 0,384 0.0088 0.091 0,0061 1.37 
1),4011 0.213 0.305 0.0103 0.133 0.0090 1.86 
n.~ou 0.267 o,275 o.0107 0.154 0,0104 2.11 
0,600 0.3211 0.214 0,0101 0.187 0.0126 2.63 
0,70h 0.~73 0.154 0,0089 0.230 0.0154 3.44 
O.ROU 0.427 0,094 0,0072 0.306 0,0205 5.09 

DI&SIPATION LO~FFICIENT• 0,002583 

4107.4 
MU L 
(R0-~11 

0. 01 2 
0.030 
0.0~5 
(1,07~ I 

0. 09 2 
0. 1 2 ~ 
0.142 
0. 177 
0.231 

.0.342 

NEYNOLDS ~ORM~l STRESS. UCOMPNT• 0.01902 VCOMPNT• 0.00685 

.I 
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Appendix 22 

Turbulence AnalyBis 

L/~R1 = 10 Diffuser 
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TABLE AZ?-1 

DIFFUSER ~ON DIMENSIONAL LENGTH = 10.0 

AXIAL DIST. FROM INLET<X> = -3.000 INS. N.D.DIST.<XIL>=-0.300 

INNER WALL BLUE POSITION 

DELTA•= 0.050 INS. H= 1.2~ REYNOLDS NO,(BASED ON THETA>= 3285.1 

DIST 
R-RI 
1),030 
1),040 
1). 09 0 
0. 1 40 
0. 1 9 0 
0,2411 
0.290 
0.340 
0,390 

olq 
RO-kl 
0.030 
1). 0411 
0.090 
0.140 
0,1\10 
0.240 
0.?90 
0. 34 0 
0,390 

DU/llMAX 
OR 

4.67S 
3.286 
1 . 25 0 
1 • 0 41 
1),644 
0.492 
0.491 
0.2!1~ 

0.149 

SHEAR 
STRESS 
0.0025 
0,0024 
0,0{12~ 

0,0023 
0,0019 
0.0016 
(1,0013 
0.0009 
o.ooos 

ED.VIS. 
ll.DEL* 

0.005 
0.007 
0.020 
o.on 
0.029 
0.03? 
0.026 
0.0~0 

0.034 

DISSIPATION CO~FFICIENT= 0,001432 

REYNOLDS NORM~L STRESS. UCOMPNT= 0,00142 

TABLE A22-2 

DIFFUSER NON DI~ENSIONAL LFNGTH = 10.0 

AXIAL DI&T. FROM INLET(X) = 1.000 INS. 

I~NF.R WALL BLUE POSITION 

ED.VIS. 
U(RO-Rl) 

0.0003 
0.0004 
0.0010 
0.0011 
0.001<; 
0.0016 
0.0013 
0.0015 
0.0017 

M I X L 
DEL* 
0. 1 5 
0.21 
0.57 
0.65 
0. 9 s 
1 • 1 4 
1. 02 
1 • 4 6 
2. 1 4 

MIX L 
(RO-RI) 
0.008 
0.011 
0.029 
0.033 
ll . 0 48 
0.0'>7 
0.051 
0.073 
0.107 

VCOMPNT= 0.00085 

N.D.DIST.(X/Ll= 0.100 

DELTA•= 0,073 INS. H= 1.32 REYNOLOS NO.<BASFD ON THETA>= 37V4.3 

DIST 
R-RI 
0,02S 
0.050 
0.100 
0,150 
0.200 
0.250 
0.300 
I), 3 5 Q 

0,400 
0.450 
0.500 

DIST 
~Il-k! 

0.023 
0.1146 
0. 0'12 
0.1.51! 
0.1114 
0.230 
0.276 
0. 322 
0.361.\ 
0.41/. 
0.460 

Dll/UMAX 
OR 

3.676 
2.601> 
1 • 38 7 
0,901> 
0.72~ 

0.61f.. 
0.514 
0.435 
0.380 
0.296 
0.167 

SHFAR 
STRESS 
0,00~7 

0.0034 
0.00?8 
0.0027 
0.0024 
0.0018 
0.0013 
0.0010 
0.0008 
o.ooos 
0,0001 

DISSIPATION COEFFICIENT= 0,001411 

ED.VIS. 
ll.DEL• 
0.007 
0.009 
0.014 
0. 021 
0.023 
0,020 
0.017 
0.016 
0.014 
0.011 
0.006 

RFYNOLDS NORMAL STRfSS. UCOMPNT= u.00215 

FD.VIS. 
U(RO-RI> 
o.ooos 
0.0006 
0.0009 
0.0014 
0.0015 
0.0014 
0.0011 
0.0011 
0.0009 
0.0007 
0.0004 

M I X L 
0~ L * 
0. 1 6 
0.22 
0.37 
0.56 
0.66 
0.67 
0.67 
0.70 
0. 71 
0.70 
0.68 

MIX L 
(RO-RI) 
0. 011 
0.01~ 

0.0(5 
0.038 
0.044 
0.045 
0,045 
0,047 
0.048 
0.047 
0.046 

VCOMPNT= 0.00100 
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AXIAL DIST. ~R(tM INLETCXl = 2.250 INS. N.O.DIST.CXILl= 0.225 

INNER WALL BLUE POSITION 

DELTA*= 0.092 INS. H= 1.43 REYNOLDS NO.CBASEO ON THETA>= 4602.4 

OIST 
R-RI 
O.fl./5 
o.o;o 
0.100 
11.150 
0.200 
0 • .!;() 
0.30(1 
0.3~0 

11.400 
0.450 
n. 5o o 
o.sso 

OIST 
RO-RI 
0.021 
0.042 
0.0114 
0.125 
0.16 7 
0.209 
0.2~1 
0.292 
0.334 
0.316 
0.418 
0.45Q 

OU/UMAX 
DR 

4.921 
2.908 
1 • 49 3 
1 • 21 0 
1 • 0 07 
0.767 
I) • 59 4 
0.509 
0.434 
0.307 
0.185 
0.082 

SHEAR 
STRESS 
0.0038 
0.0037 
0.0030 
0.0026 
0.0024 
0.0021 
0.0017 
0.0014 
0.0011 
0.0008 
0.0005 
0.0003 

ED.VIS. 
U.OEL* 
0.004 
0.007 
0.011 
0.012 
0.013 
0.01'i 
0.016 
0.015 
0.014 
0.013 
0.015 
0.019 

DISSIPATION COfFFICIENT= 0.001857 

REYNOLOS NORMAL STRESS. UCOMPNT= !1.00319 

TABLE AZ?-4 

DIFFUSER NON DIMENSIONAL LENGTH = 10.0 

AXIAL DIST. FROM INLETCXl = 3.250 INS. 

INNER WALL BLUE POSITION 

EO.V!S. 
UCRO-R!l 
0.0003 
0.0005 
0.0008 
0.0009 
0.0010 
0.0011 
0.0012 
0.0012 
0.0011 
0.0010 
0.0012 
0.0015 

M I X l 
DEL* 
0. 1 0 
0. 1 6 
0.£8 
0.33 
0.38 
0.46 
0.54 
0.57 
0.59 
0.69 
O.'H 
1. 60 

MIX L 
CRO-RI: 
0.007 
0. 01 2 
0.022 
0.0?5 
0.029 
0.035 
0.042 
0.044 
0.045 
0.05.3 
0.072 
0.123 

VCOMPNT= 0.00129 

N.D.DIST.CX/ll= 0.325 

DELTA*= 0.109 INS. H= 1.46 REYNOLOS NO.CBASED ON THFTAl= 4490.7 

DIST 
R-~1 

0.02~ 
0.050 
0.100 
0.1511 
0.200 
0.250 
0.300 
0.350 
0.400 
0.450 
0.500 
0.550 
0.600 

DIST 
RO-HI 
0.01<1 
0.03'1 
0.071l 
0. 11 7 
0.1~6 
0. 1 9 5 
0.234 
0.273 
0.~12 

0.350 
0. 3b'l 
0.4£8 
0.467 

DIJ/IIMAX 
OR 

3.746 
<'.536 
1 . 5 06 
1 • 2 2 5 
1. 086 
0.929 
0.765 
O.f>32 
0.538 
0.453 
0.343 
0.20? 
0.018 

SHEAR 
STRESS 
0.0034 
0.0044 
0.0053 
0.0049 
0.0040 
0.0032 
0.0028 
0.0025 
0.0021 
0.001b 
0.0012 
0.0008 
0.11006 

DISSIPATION COEFFICIENT= 0.002282 

ED.VIS. 
U.DEL* 

0.01)4 
0.008 
0.016 
0.018 
0. 017 
0.016 
0.017 
0.018 
0.018 
0.016 
0. 01 5 
0.019 
0. 1 39 

REYNOLDS ~ORMAL STRESS. UCOMPNT= 0.00421 

~D. VIS. 
UCRO-R!l 

0.0004 
0.0007 
0.0014 
0.0016 
0.0014 
0.0013 
0.0014 
0.0016 
0.0015 
0.0014 
0.0013 
0.0016 
0.0118 

MIX L 
DEL* 
0.10 
0. 1 7 
0. ~ 1 
0.37 
0.38 
0.40 
0.4S 
0.52 
0.56 
0.58 
O.b4 
0. 9 3 
ll . .33 

MIX L 
IRO-RIJ 
0.009 
0. 01 4 
0. 0?7 
0.031 
0.032 
0.034 
0.038 
0.044 
0.047 
0.04Q 
0.054 
0. 0 79 
0.707 

VCOMPNT= 0.00234 
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TA~LE AU-5 

DIFFU~~P ~ON DIMENSIONAL LFNGTH = 10.0 

AXIAL DIST. ~ROM INLET(X) = 4.2511 INS. N.D.DIST.(X/LI= 0.425 

INNFR WALL BLUE POSITION 

D~LTA•= 0.1 I( INS. H= 1.~2 REYNOLOS NO.<BASEO ON THETA>= 4919.8 

0 I; T 
~-RI 

o.u~o 

0.100 
0.1511 
0.200 
O.l5U 
0. ~Oil 
o. 5511 
0.400 
0.450 
o • .,on 
n.~so 

0.(,01) 
0.650 

ll I S T 
RO-RI 
0.016 
0.071 
0. 1 0<1 
11.146 
0. 1 8 2 
0.21'1 
O.?~S 

0.?'12 
1).321\ 
0. H4 
0.401 
0.437 
0.474 

DIJ/IJMAX 
DR 

?.432 
1.43(, 
1 . 2 0 7 
1 • 11 Q 

1. 000 
<l.l\64 
0.74'1 
0.658 
0.561 
11.436 
0.303 
0.?12 
0.044 

~HFAR 

STR~SS 

0.004'1 
0.00<'>3 
0.0061 
0.0052 
0.0043 
0.00 H 
().0032 
0.00?7 
0.0021 
0.0015 
(\.0011 
0.0007 
0.0003 

DISSIPATION COEFFICIENT= 0.002755 

ED.VIS. 
!J.DEL* 

0.0011 
0.017 
0.01'1 
0.018 
0.01<'> 
0.016 
0.016 
0.016 
0.014 
0.013 
0. 013 
0.013 
0.026 

~EYNOLD~ NORMAL STRfSS. UCOMPNT= 0.00544 

TABLE A22-6 

DI~FUS~R NON DIMENSIONAL LENGTH = 10.0 

AXIAL DIST. FROM INLET<XI = 4.?50 INS. 

J~NfR wALL &REEN POSITION 

~D. VIS. 
lJ(RO-RII 

0.0007 
0.01116 
0.0018 
0.0017 
O.OOH 
0.0015 
0.0016 
0.0015 
0.0014 
0.0013 
0.0013 
0.0012 
0.0025 

MIX L 
DEL* 
0. 1 5 
0.30 
0. 3 5 
0. 3 5 
0.35 
0.38 
0.40 
0. 4 2 
0. 44 
0.48 
0.58 
0.67 
1 • 9Q 

MIX L 
(RO-Rll 
0.015 
O.Oc/1 
0.033 
0.033 
0.034 
0.036 
0.03Q 
0.041 
0.042 
0.047 
0.0~6 

0.064 
0.191 

VCOMPNT= 0.0023~ 

N.D.DIST.(XIL>= 0.425 

OFLTA*= 0.132 INS. H= 1.52 REYNOLDS NO.(BASfD ON THETA)= 4919.8 

OIST 
R-RI 
0.050 
0. 1 00 
1).1511 
0.20u 
0.2~·) 
0.300 
I) • 3 ~ <) 

0.400 
0.4~11 

o.sou 
O.S50 
0.60U 
0.6~0 

OIST 
~0-RJ 

0.036 
0.073 
0. 1 OQ 
0.146 
0. 1 8 2 
0.210 
0.2~5 
o. 2'12 
0.328 
0.364 
0.41!1 
0. 4 SI 
0.474 

011/LIMAX 
OR 

2.432 
1 • 4 3 6 
1. 207 
1 • 1 1 Q 

1 . 0 00 
ll.P.64 
0.749 
1).658 
I) • 5 61 
0.436 
0.303 
o.?1c 
0.04Q 

SHfAR 
STRFSS 
0.0054 
I) • 0066 
0.0069 
0.0065 
0.0057 
0.0048 
0.0039 
0.0033 
0.0027 
0.0023 
0.0018 
0.0014 
0.0009 

DI~S!PATION COEFF!liENT= 0.003203 

ED.vn. 
U.DEL* 

O.OOB 
0.017 
0. 022 
o.on 
0.022 
0.021 
0.020 
0.019 
0.019 
0.020 
0.023 
0.024 
0.071 

RFYNOLD~ NORMAL STRFSS. UCOMPNT= ~.00544 

ED.VJS. 
U(RO-RJI 
0.0008 
0.0017 
0.0021 
0.0021 
0.0021 
0.0020 
0.0019 
0.0018 
0.0018 
0.0019 
0.002? 
0.0023 
0.0069 

M I X L 
DEL* 
0. 1 6 
0.30 
0.37 
0.39 
0.40 
0.43 
0.45 
0.46 
0.50 
0.59 
0.76 
0. 9 3 
3.32 

M I X L 
(RO-R!I 
0.016 
0.029 
0.035 
0.037 
0.039 
0.041 
0.043 
0.045 
0.041\ 
0.0',7 
0. 073 
o.uoo 
0.320 

VCOMPNT= 0.00422 
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TABU: AZI.-7 

DI~FUSFP NON DIMENSIO~AL LFNGTH = 10.0 

AXIAL DIST. FROM INLETIXI = 4.250 INS. N.D.DIST.IX/Ll= 0.42) 

INNFH WALL RE~ POSITION 

DELTA•= 0.132 INS. H= 1.52 REYNOLOS NO.IBASEO ON THETA)= 4919.8 

olq 
-!-RI 
0.050 
0.1llt) 
0.150 
0.201) 
0.?)0 
0.300 
11.3511 
0.400 
0.4511 
<l.~oo 

!1.~50 

11.6011 
0.650 

DIST 
RO-kl 
0.036 
0.07.3 
0. 1 09 
0.14(-, 
0.11:!2 
0.21<J 
0.?)5 
0.291. 
0.3211 
0. 364 
0.401 
0.437 
0.474 

OU/UMAX 
DR 

2.432 
1 • 4 36 
1. 207 
1 • 119 
1 • 0 0 0 
11.1164 
0.749 
0.658 
0.561 
0.431> 
0.303 
0.212 
0.049 

SHEAR 
STRESS 
0.0058 
0.0072 
0.0073 
0. 0 068 
0.0060 
l!.OD52 
0.0043 
0.003~ 

0.002/l 
0.0022 
1).0017 
0.0012 
0.0009 

ED.VIS. 
ll.OEL* 

0.009 
0.019 
0.023 
0.023 
0.023 
0.023 
0. 0?2 
0.020 
0.019 
0.019 
0.021 
0. 022 
0.066 

DISSIPATION COFFFICIENT= 0.00~404 

RFYNOLDS NORMAL STRESS. UCOMPNT= 0.00544 

TAB LE A22-8 

DIFFUSER NON DIMENSIONAL LENGTH = 10.0 

AXIAL DIST. FROM INLETIXI = 5.450 INS. 

INNER WALL BLUE POSITION 

ED.VIS. 
UIRO-RI) 
0.0009 
0.0018 
0.0022 
0.0022 
0.0022 
0.0022 
0.0021 
0.0020 
0.0018 
0.0019 
0.0020 
0.0021 
0.0063 

MIX L 
DEL* 
0. 1 7 
0.32 
0.38 
0.40 
0.42 
0.45 
0.47 
0.48 
I) • 51 
0.~8 
0.72 
0.1\8 
L 19 

MIX L 
IRO~RII 

0.016 
0.030 
0.037 
0.038 
0.040 
0.043 
0.045 
0.047 
0.049 
0.056 
0.070 
0.085 
0.307 

VCOMP~T= 0.00484 

N.O.DIST.IX/Ll= 0.545 

DELTA•~ 0.15M INS. H= 1.5~ REYNOLDS NO.(BASED ON THETA)= 5677.9 

DIST 
R-RI 
o.oso 
0.1011 
0.150 
0.200 
0.250 
n.300 
0.350 
0.400 
0.450 
\1.500 
0. ))0 
0.1,00 
0.650 
0.700 

o 1 s r 
RO-RI 
0.034 
0.068 
0. 1 u 2 
o. ns 
0. 1 6'1 
0.203 
0.<?37 
0. 2 71 
0.30) 
0.339 
0.372 
0.406 
0.440 
0.474 

DU/UMAX 
DR 

1 • 9 2 2 
1 • 2 4 7 
1 • 1 6 0 
1 • 1 3 4 
1 • 0 59 
0.967 
0.889 
0.818 
0.722 
0.585 
0.440 
•J.338 
0.229 
0. 0 21 

SHEAR 
STRESS 
0.0043 
0.0057 
0.0{)1)3 
0.0()62 
0.0058 
0.0051 
0.0043 
0.0035 
0. OD28 
0.0021 
0.00111 
0.0()12 
0.0008 
.o. 0 0 0 2 

DJS~!PAT!ON COEFFICIENT= 0.002835 

ED.VIS. 
U.DEL* 

0.007 
0. 01 4 
0.017 
0.017 
0.017 
0.017 
0. 01 5 
0.014 
0. 01 2 
0. 011 
0. 01 1 
0.011 
0.010 
0.02~ 

RnNOI OS NORMAL STRESS. UCOMPNT= 0.006!15 

Efl.VIS. 
UIRO-RII 

0.0008 
0.0015 
0.0018 
0.0019 
0.0018 
0.0018 
0.0016 
0.0015 
0.0013 
0.0012 
0.0012 
0.0012 
0.0011 
0.0030 

MIX l 
0 EL* 
0. 1 5 
0.27 
0.31 
0.31 
0.32 
0.33 
0.33 
0.32 
0.33 
0.35 
0.40 
0 • 4 5 
0.)4 
2.91 

M I X I 
IRO-Ril 
0.016 
0.029 
0.033 
0.033 
0.034 
0.035 
0.035 
O.D35 
0.03) 
0.038 
0.043 
0.048 
0.058 
0.311 

VCOMPNT= 0.00159 
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TABLE A22-9 

Dl~FUSFR ~ON DIMENSIONAL LE~GTH = 10.0 

AXIAL DIST. FROM INLET<Xl = 7.250 INS, N.D.DIST.(X/Ll= 0.7?5 

I~NER WALL BLUE PO~ITION 

DELTA•= 0.1R6 INS. H= 1,62 REYNOLOS NO.<BASED ON THFTAl= 6042.5 

ll I~ T 
R-RI 
0,050 
0,100 
0.1~0 

0,?00 
0.2~0 

0,300 
1/. ~50 
0,400 
0,450 
0. 50 0 
tl.~50 
0,600 
0,650 
0,700 
0. 150 

D IS 1 
RO-RI 
0.031 
0.061 
0,092 
0.122 
0.153 
0. 1 8 3 
0.?14 
0.245 
0. 275 
0.306 
0.336 
0.367 
0.398 
0,428 
0.459 

Dli/UMAX 
DR 

1 • 9 2 5 
1 • 086 
1.047 
1 • OY R 
1 • 0 53 
0,95,> 
n.R71 
O.R35 
0, R 11 
0.741 
0.606 
0,450 
0.354 
0.280 
0.065 

SHEAR 
STRESS 
0,0057 
0,0069 
0.0078 
O,OOR7 
0,009? 
0,0092 
0,001\5 
0,0074 
0,0062 
0,0051 
0,0042 
(,,0034 
0,0026 
1). 0018 
0,0011 

EO. VIS, 
U.DEL* 

0.008 
0.017 
0.020 
0.021 
0.023 
0.0<'6 
0.026 
0.024 
0.021 
0.019 
0.019 
0.020 
0.020 
0.018 
0.047 

DISSIPATION COEFFICIENT= 0,004468 

REYNOLDS NORMAL STRFSS. UCOMPNT= 0,00940 

TABLE A22-10 

DIFFlJSER NON DIMENSIONAL LENGTH = 10.0 

AXIAL DIST. FROM JNLET<Xl = 9,850 INS. 

I~NFR WALL BLUE POSITION 

ED.VIS. 
U(RO-Rll 

0.0009 
0.0019 
0.0023 
0.0024 
0.0027 
0.0029 
0.0030 
0.0027 
0.0024 
0,0021 
0.0021 
0.0023 
0,0023 
0.0020 
0.0053 

MIX L 
DEL• 
0. 1 5 
0.29 
0.32 
0. 3 2 
0.35 
0.38 
0.40 
0,39 
0.37 
0.37 
0.41 
0,49 
0.55 
0,58 
1 • 9 7 

MIX L 
(RO-Ril 
0. 01 7 
0.033 
0,036 
0,037 
0.039 
0.043 
0.046 
0.045 
0,042 
0,04,> 
0.046 
0.056 
0,063 
0.066 
0.224 

VCOMPNT= 0.00501 

N,D,DIST.(X/Ll= 0,985 

DELTA*= 0.249 I~S. H= 1,69 REYNOLDS NO.<BASED ON THETA>= 7158.5 

DIST 
R-RI 
o.osu 
0,1011 
0. 1 50 
0,200 
o.zsu 
(). 300 
0.3~(1 

ll,4Ull 
0,450 
''· '>00 
O.':i~O 
0,6011 
/). 6 50 
11, 70 0 
(),750 
11,1100 
t1,!15U 

DIST 
RO-RI 
o.on 
0.0~4 
0.081 
0.107 
0.134 
0. 1 61 
0.188 
0.215 
0.242 
0.269 
0.295 
o. ~a 
0.34'1 
0.376 
0.403 
0.430 
0.4~6 

0\1/UMAX 
DR 

2.001 
O.R03 
0.733 
O.R66 
0. 9 01 
O,R34 
0.755 
0.729 
0.764 
O,R14 
0,1120 
0.750 
0. 627 
0.521 
0,484 
0,415 
0. 1 69 

SHEAR 
STRESS 
0,0042 
0.0056 
0.001\7 
0.0079 
0,0089 
0,0098 
0.0101 
0,0099 
0,0091 
O,OORO 
0,0067 
0,0055 
0.0045 
0,0037 
0,0029 
0.0020 
0.0010 

DISSIPATION COEFFICIENT= 0,004574 

ED.VIS. 
U,DEL* 
0.004 
0.014 
0.018 
0.018 
0.020 
o. on 
0.027 
0.027 
0.024 
0.020 
0.016 
0.015 
0.014 
0.014 
0.01? 
0.010 
0. 01 2 

RFYNOLD~ NORMAl STRFSS. UCOMPNT• U,l11003 

ED.VIS. 
U(RO-Rll 

0.0006 
0.0019 
0.0025 
0.0024 
0,0027 
0.0031 
0.0036 
0.0031\ 
0.0032 
0.0021> 
0.0022 
0.0020 
0.0019 
0,0019 
0.0016 
n. oo 13 
0.0016 

MIX l 
DEL* 
0.09 
0.26 
0.32 
0.29 
0.30 
0.34 
0.38 
0.59 
o.ss 
0. 31 
o.n 
o.n 
0,30 
0. B 
0.32 
11,30 
0.54 

MIX l 
(RO-Ril 
0,012 
0,035 
0.042 
0.039 
0,040 
0.04'> 
0.051 
0.0~2 

0,047 
0.042 
0.03R 
11.037 
0,040 
0,044 
0.04? 
0.041 
ll. 07? 

VCOMPNT= U.0Ub9~ 
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nnL~ A?l-11 

Dl~FU\IN ~ON DIMEN5IONAl LFNGTH = 10.0 

AXIAL DIST. FROM INLETIXI • 9.8~0 INS. N.D.DIST.IX/Ll= O.YHS 

INNER WALL GRfEN POSITION 

DFLTA*= 0.249 INS. H= 1.69 REYNOLDS NO.IBASED ON THETA>= 7758.5 

OIST 
R-RI 
0.050 
0.100 
0. 1 50 
0.200 
0.250 
11.300 
0.350 
0.400 
11.4~0 

n.soo 
0.550 
0.600 
0.650 
0."100 
0.750 
0.1100 
o.R50 

DIST 
RO-RI 
0. 027 
0.054 
0.081 
0. 1 0 7 
0. 1 3 4 
0.1111 
0.181! 
0.215 
0.242 
0.26~ 

0. 295 
0. 322 
0.34<1 
0.376 
0.403 
0.430 
0.456 

DU/UMAX 
OR 

2.001 
0.803 
0.733 
o.R66 
0.901 
0.834 
0.75~ 

0.729 
0.764 
0.814 
0.1120 
0.750 
tl.f:.27 
0.521 
0.484 
0.415 
0.169 

SHEAR 
STRESS 
0.0039 
0.0055 
0.0067 
0.0078 
O.OORB 
0.0096 
0.0100 
0.0101 
0.0097 
0.00<10 
0.0080 
0.0069 
0.00~7 

0.0045 
0.0034 
0.0024 
0.0014 

fD.VIS. 
li.DEL* 

0.004 
0. 014 
0.018 
0.018 
0.020 
0. 023 
0. 027 
0.028 
0.025 
0. 022 
0.020 
0.018 
0.0111 
0.017 
0.014 
0.012 
0. 017 

DISSIPATION COfFFICIENT= 0.004780 

REVNOLDS NORMAl STRFSS. UCOMPNT= 0.01000 

TABLE A22-12 

DIFFUSER NON DIMENSIONAL LENGTH = 10.0 

AXIAL DIST. FROM INLETIX) = 9.850 INS. 

INNER WALL RED POSITION 

ED.VIS. 
UIRO-RII 

0.0005 
0.0018 
0.0025 
0.0024 
0.0026 
0.0031 
0.0036 
0.0037 
0.0034 
0.0030 
0.0026 
0.0025 
0.0024 
0.0023 
0.0019 
0.0016 
0.0022 

MIX L 
DEL• 
0.09 
0.26 
0.32 
0.29 
0.30 
0.33 
0.38 
0.39 
0.37 
0.33 
0.31 
0.31 
0.34 
0.37 
0.34 
0.34 
0.63 

MIX L 
IRO-RII 
0.012 
0.03~ 
0.042 
0.039 
0.040 
0.045 
0.050 
0.052 
0.049 
0.044 
0.041 
0.042 
0.046 
0.049 
0.046 
0.045 
0.084 

VCOMPNT= 0.00814 

N.D,DIST.IX/LI= 0.985 

DELTA•= 0.249 INS. H= 1.69 REYNOLDS NO.<BASED ON THETA)= 7758.5 

OIST 
R-RI 
0.050 
0.100 
0.1~0 

0.200 
0.250 
0.300 
0.35(1 
0.400 
11.450 
0.500 
0.550 
0.600 
0.650 
0.700 
11.750 
n.llOIJ 
•J .llSO 

D IS T 
RO-RI 
o.on 
0.054 
0.081 
0.107 
0.134 
0. 1 61 
0.18/S 
0. 21 5 
0.242 
0.26<1 
0. 29 5 
0.322 
0.34<1 
0.376 
0.403 
0.450 
I}. 4~ 6 

DIJ/UMAX 
OR 

2.001 
o.Bo3 
0.733 
0.866 
o.901 
0.1134 
0.755 
0.729 
0.764 
0.814 
0.8.10 
0.750 
0.1127 
o.s21 
0.484 
0.415 
11.1()\1 

SHEAR 
qRESS 
0.0043 
0.0061 
0.0075 
0.00116 
0.0094 
0.0098 
0.0099 
0.0097 
0.0093 
0.0087 
0.0079 
0.0069 
0.0056 
0.0043 
0.0029 
0.0016 
0.0008 

DISSIPATION CO~FFICIENT= 0.004872 

ED.VIS. 
U.DEL* 

0.004 
0.015 
0.021 
0.020 
0.021 
0.024 
0.026 
0.027 
0.024 
0.021 
0.019 
0.018 
0.018 
0.016 
0.012 
0.0118 
0.009 

ED.VIS. 
UIRO-RII 

0.0006 
0.0021 
0.0028 
0.0027 
0.0028 
0.0032 
0.0035 
0.0036 
0.0033 
0.0029 
0.0026 
0.0025 
0.0024 
0.0022 
0.0011'> 
0.0010 
0.001<' 

M I X L 
DEL* 
0.09 
0.28 
0.34 
0.30 
0.31 
0.34 
0.37 
0.38 
0 . .36 
0.32 
0. 31 
0.31 
1).34 
0.36 
I) • 3 , 
1).27 

0.46 

MIX L 
(RO-RI) 
0. 012 
0.037 
0.045 
0.041 
0.041 
0.045 
0.050 
0.051 
0.048 
0.043 
0.041 
0.042 
0.045 
0.04d 
0.042 
0.0~? 

0 .0•'" 
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TABLE A22-13 

DIFFUSFR NON DIME~SIONAL LENGTH = 10.0 

OUTER WALL BLUE POSITION 

DELTA*= 0,055 INS. H= 1.30 REYNOLDS NO,(BASED ON THETA>= 3493.9 

DIST 
RO-R 
0.045 
0,060 
11,110 
0.160 
0.210 
0,260 
0.310 
0.360 
0.410 
0.460 

DIST 
RO-RI 
0.045 
0.060 
0. 11 0 
0.160 
0.210 
0.260 
0.310 
0.360 
0.410 
0.460 

DU/UMAX 
DR 

3.165 
2. 1 81 
1 • 1 7 8 
o.R47 
0.544 
0.471 
11,476 
0. 31 1 
0.191 
0.091 

SHEAR 
STR~~S 

0.0025 
0.0025 
0,0024 
\1,0021 
0.0018 
0.0014 
0.0009 
0.0007 
0,0004 
0,0002 

EO. VIS. 
U.DEL* 
0.007 
0.011 
0.019 
o. on 
0.031 
0.02R 
0.018 
0.021 
0.0.?0 
o. on 

DISSIPATION COEFFICIENT= 0.001405 

REYNOLDS NORMAL STRFSS. UCOMPNT= 0.00170 

TABLE A22-14 

DI~FUSER NON DIMEN~IONAL LENGTH = 10.0 

AXIAL DIST. FROM INlO(X) = 1.000 INS. 

OUTER W~LL BLUE POSITIO~ 

EO. VIS. 
U(RO-RI> 

0.0004 
0.0006 
0.0010 
0.0012 
0.0017 
0.0015 
0.0010 
0.0011 
0.0011 
0,0012 

MIX L 
DEL* 
0.20 
0.30 
0.54 
0.69 
1 • 01 
1. 03 
O.B2 
1 • 1 0 
1 • 39 
?.08 

MIX L 
(RO-RI) 
0. 01 1 
0. 016 
0.030 
0.038 
0.056 
0.057 
0.045 
0.061 
0.076 
0. 1 1 4 

VCOMPNT= 0.00049 

N.D,OIST.(X/Ll=-0.100 

DELTA*= 0,067 INS. H= 1.38 REYNOLDS NO.<BASED ON THETA)= 3380.4 

DIST 
RO-R 
0.02) 
0.050 
0. 1 00 
0. 1 50 
0.200 
0.250 
o.~oo 

0.350 
0.400 
0.450 

DIST 
;..:J-R I 
0.023 
0.046 
0.092 
0.13R 
0. 1 8 4 
0.230 
0.276 
0.322 
0.~6/S 

0.414 

Dll/UMAX 
OR 

4.'177 
2.'161 
1 • 43 6 
0,979 
0.787 
0.708 
0.!,15 
0.432 
u. 772 
0.142 

SHEAR 
STR~SS 

0.0026 
0,0026 
0.0027 
0.0024 
0.0019 
0.0015 
0.0013 
0.0010 
0.0008 
0.0006 

DISS!PftTION COEFFICIENT= 0.001417 

ED.VIS. 
U.DEL* 

0.004 
0.007 
0.014 
0.0111 
0.018 
0. 016 
0.016 
0.018 
0. 022 
0.032 

RFYNOLDS NORMAl STRFSS. UCOMPNT= 0.00189 

ED.VIS. 
U<RO-RI) 

0.0002 
0.0004 
0.0009 
0.0011 
o. 0011 
0.0010 
0.0010 
0.0011 
0. 0013 
0.0020 

M I X l 
DEL* 
0 • 1 1 
0. 1 8 
0.38 
0.52 
O.SR 
0.)9 
0.62 
0.79 
1 • 09 
1. 83 

M I X L 
(RO-RI) 
0.007 
0. 01 1 
0.024 
0.032 
0.036 
0.036 
0.038 
0.048 
0.067 
0. 1, 2 

VCOMPNT= 0.00112 
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TABLE A22-15 

DIFFUStR NON DIMENSIONAL LENGTH = 10.0 

AXIAL DIST. FROM INLET<Xl : 2.150 INS. N.D.DIST.(X/Ll=-0.215 

OUTER WALL BLUE POSITION 

DFLTA*= 0.099 INS. H= 1.50 REYNOLDS NO.<BASED ON THETA)= 4746.3 

OIST 
RO-R 
0.025 
0.050 
0.100 
0. 1 50 
0.200 
0.250 
0.300 
11.350 
0.400 
11.450 
o.soo 
0.55u 
0.600 

DIST 
RO-RI 
0.021 
0.042 
0.084 
0.125 
0.167 
0.20'1 
0. 7 51 
0.292 
0.334 
0. 376 
0.411! 
0.459 
0.501 

DU/IJMAX 
OR 

S./\48 
2.939 
1 • 9 0 3 
1 • 382 
1.()71 
O.RSI> 
0.696 
0.56~ 

0.443 
0.324 
0.219 
0. 1 38 
0.057 

SHEAR 
STRESS 
0.0038 
0.0039 
0.0032 
0.0026 
(•.0021 
0.0017 
0.0012 
0.0009 
0.0008 
0.0006 
0.0004 
0.0003 
0.0000 

ED.VIS. 
U.DEL* 
o.uo~ 
0.007 
0.008 
O.OO'i 
0.010 
0.010 
0.009 
O.OOR 
0.00'1 
0.009 
0.009 
0.009 
0.002 

DISSIPATION COFFFICIENT= 0.001714 

REYNOLDS NORMAL STRESS. UCOMPNT= 0.00305 

TABLE A22-16 

DIFFUSER NON DIMENSIONAL LENGTH = 10.0 

AXIAL DIST. FROM INLET(X) = 3.250 INS. 

OUTER WALL BLUE POSITION 

ED.VIS. 
U(RO-Rll 

0.0004 
0.0006 
0.0007 
0.0008 
0.0008 
0.0008 
0.0007 
0.0007 
0.0007 
0.0008 
0.0007 
0.0001\ 
0.0001 

MIX L 
DEL* 
0. 11 
0. 1 5 
0. 21 
0.26 
0. 31 
0.34 
0.36 
0.39 
0.44 
0.53 
0.63 
0.83 
0.54 

MIX L 
(R0-RJ) 
0.009 
0.013 
0.018 
0. 022 
o.ozo 
0.028 
0.030 
0.032 
0.037 
0.044 
0.052 
0.068 
0.045 

VCO~PNT= 0.00126 

N.D.DIST.(X/Ll=-0.325 

D~LTA*= 0.114 INS. H= 1.57 REYNOLDS NO.<BASED ON THETAl= 4370.9 

o1 n 
RO-R 
0.02S 
0.050 
0. 1 0 0 
0.150 
0.200 
0.250 
0.300 
o.~5v 

0.400 
0.450 
0. 50 0 
0. 55 0 

DIST 
RO-RI 
0.019 
0.039 
0.078 
0. 11 7 
0. 1 s 6 
0. 19 5 
0.234 
0. 273 
0. 31 2 
0.3SO 
o. 389 
0.428 

DLI/UMAX 
DR 

3.124 
<'.414 
1 • 76 3 
1 • 49ft 
1 • 2 8 4 
1 • 069 
0.1\76 
n.726 
0.608 
0.489 
0.349 
0.181 

SHEAR 
STRESS 
0.0040 
0.0044 
0.0038 
0.0032 
0.0026 
0.0020 
0.0015 
0.0011 
0.0009 
0.0006 
0.0004 
0.0001 

Dl5SIPATION CO~FFICIENT= 0.001842 

Ell. VIS. 
U.DEL* 

0.006 
0.00/l 
0.010 
0.009 
0.009 
0.008 
0.007 
0.007 
0.006 
O.OOf> 
0.005 
0.003 

R~YNOLDS NOR~AL STRFSS. UCOMPNT= 0.00389 

ED.VIS. 
U(RO-RI) 

0.0005 
0.0007 
0.0008 
0.0008 
0.0008 
0.0007 
0.0006 
0.0006 
0.0005 
0.0005 
0.0004 
0.0002 

MIX l 
DEL* 
0. 1 3 
0. 1 7 
0.22 
0.23 
0.25 
0.26 
0.27 
0.21\ 
0.30 
0.32 
0 • .54 
0. 57 

MIX L 
(RO-RI) 
0. 011 
0. 01 5 
0.019 
0.0?1 
0.022 
0. 0?3 
0.0?4 
0.025 
0.027 
0.0(8 
0.030 
n.oB 

VCOMP~T= 0.00099 
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TABLE A22-17 

DIFFUSER NO~ DIMENSIONAL LENGTH = 10.0 

AXIAL OIST. FRIIM INlET<Xl = 4.250 INS. N.D.DI~T.(X/Ll=-0.4?~ 

OIITEH WALL BLUE POSITION 

DELTA•= 0.135 INS. H= 1.62 REVNOLOS NO.CBASED ON THETA>= 4~37.1 

OIST 
RO-R 
0.050 
11.100 
0.1511 
IJ.?OO 
0.250 
0.300 
o. 350 
0.400 
0.450 
0.500 
1).550 
I) • ~0() 

lliST 
RO-RI 
0.036 
0.073 
0.109 
tl. 1 46 
0.182 
11.219 
0.255 
0.2\12 
0.328 
0.364 
0.401 
0.437 

DU/UMAX 
OR 

<'.161\ 
1 • 4 4 ~ 
1 • 389 
1. 370 
1 • 2 3 5 
1 • 03 ~ 
0.1158 
0.731 
0.670 
0.469 
0.268 
il.127 

SHEAR 
STRtSS 
0.0050 
0.0059 
0.0058 
0.0052 
0.0043 
0.0033 
0.0025 
0.0020 
0.0016 
0.0011 
0.0007 
0.0004 

DISSIPATION COtFFICIENT= 0.002750 

ED.VIS. 
U.DEL* 

0. 009 
0.015 
0. 016 
0.014 
0. 013 
0.012 
0.011 
0.010 
0.010 
0.009 
0.009 
0. 011 

REVNOLDS NORMAl STRESS. UCOMPNT= 0.00521 

TABLE A22-18 

DI~FU~FR NON DIMENSIONAL LENGTH = 10.0 

AXIAL OIST. FROM INLET<Xl = 4.250 INS. 

OUTER WALL GR~EN POSITION 

ED.VIS. 
U<RO-Ril 

0.0008 
0.0015 
0.0015 
0.0014 
0.0013 
0.0012 
0.0011 
0.0010 
0.0009 
0.0009 
0.0009 
0.0011 

M I X L 
DEL• 
0. 1 7 
0.28 
0.29 
O.lll 
0.28 
0.29 
0. 31 
0.33 
0.34 
1). 3 8 
I]. 51 
0.81 

MIX L 
(RO-Pll 
0.017 
0.027 
0.021< 
0. 0?7 
0. 027 
0.0?9 
0.030 
0.032 
0.033 
0.037 
0.049 
0.079 

VCOMPNT= 0.00203 

N.D.DIST.(X/Ll=-0.425 

DELTA•= 0.133 INS. H= 1.62 REVNOLOS NO.<BASED ON THETA)= 4637.1 

ll I S T 
RO-R 
0.050 
0. 1 0 0 
0.1~0 

n • .:>oo 
O.lSU 
I). ~0() 

0.350 
0.400 
0.45U 
0. 50 0 
n.5so 

DIST 
RO-RI 
0.0.36 
0.073 
0. 1 09 
0.146 
0.11!2 
0.219 
0.255 
0.292 
0.328 
0.364 
0.401 

DU/UMAX 
OR 

2.168 
1.446 
1 • 3 89 
1.370 
1 • 2 3 5 
1 • 0 3 6 
0.1158 
0. 7 31 
0.620 
0.469 
0.26R 

SHEAR 
STRESS 
0.0057 
0.0070 
0.0073 
0.0066 
0.0053 
0.0039 
0.0028 
0.0021 
0.0013 
0.0009 
0.0005 

DI~SIPATION COFFFICIENT= 0.003224 

ED.VIS. 
U.DEL* 
0.010 
0.018 
0.020 
0.01R 
0.016 
0.014 
0.01? 
0. 011 
0.008 
0.007 
0.007 

RFYNOLDS NORMAL STRFSS. UCOMPNT= 0.00499 

ED.VIS. 
U(RO-Rll 

0.0010 
0.0018 
0.0019 
0.0018 
0.0016 
0.0014 
0.0012 
0.0010 
0.0008 
0.0007 
0.0007 

MIX L 
DEL* 
0. 19 
0. ~ 1 
0.33 
0.32 
0. 31 
0.52 
0.33 
0. 3 3 
0.31 
I) • 3 3 
0.45 

MIX L 
(RO-Rll 
0.011\ 
0.030 
0.032 
0.031 
0.030 
0.031 
0.032 
0.052 
0.030 
0.037 
0.043 

VCOMPNT= 0.00l42 
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TABLE A22·19 

DIFFUSE~ NON DIMENSIONAL LENGTH = 10,0 

AXIAL DIST. FROM INLETCX) = 4.250 INS. N.D,DIST.CX/Ll=-0,42~ 

OUTER WALL RED POSITION 

DELTA*= 0,133 INS. H= 1.62 REYNOLOS NO.CBAS~D ON THETA>= 4637.1 

DIST 
RO·R 
0,050 
0,1011 
1),15U 
1),20\1 
0,250 
0. ~ 011 
1).~~(1 

0,4011 
(),450 
o.~uo 
O,S5U 
0 ,f>OO 

DIST 
RO-RI 
0.036 
1),073 
0.109 
0.141> 
0.1f\2 
0.219 
0.255 
1),2112 
0.32K 
0,364 
(),401 
0.43? 

DU/UMAX 
DR 

2. 168 
1 . 446 
1 • 389 
1 . 3 7 0 
1 • 2 3 5 
1 • 031> 
U,851l 
0,731 
0,1>20 
0,469 
0,?6R 
0.127 

SHEAR 
STRESS 
0,0066 
0,0072 
0,0068 
0.0060 
0,0049 
0,0038 
0,0029 
0,0022 
0,0016 
0,0010 
0,0006 
0,000? 

FD.VIS. 
IJ,DEL* 

0.012 
0.019 
0.019 
0.017 
0.015 
0,014 
0,013 
0. 011 
0,010 
0,0011 
0,01)9 
0,006 

DISSIPATION COEFFICIENT= 0.003310 

RFYNOLOS NORMAL STRFSS. UCOMPNT= 0,00512 

TABLE A22•20 

DIFFUS~R ~ON DIMENSIONAL LENGTH = 10,0 

AXIAL DIST. FROM INL~T(X) = 5.450 INS. 

OUTFR WALL BLUE POSITION 

ED.VIS. 
U(RO•Rr> 

0.0011 
0.0011! 
0.0018 
0.0016 
0.0015 
0,0013 
0.001? 
0.0011 
0,0009 
0,0001! 
0.0008 
0.0006 

MIX L 
D~L* 

0.20 
0. 31 
0.32 
0.30 
0,30 
0. ~ 2 
0,33 
0,34 
0.34 
0 • .36 
0.49 
0.58 

MIX L 
(RO·Rl) 
0,019 
0.030 
0. 0 31 
0.029 
0.029 
0.031 
0.032 
11.033 
0.03~ 

0.03~ 

0.048 
0,056 

VCOMPNT= 0,0020B 

N,D,DIST.CX/Ll=-0,545 

D~LTA*= 0,173 INS. H= 1.69 REYNOLDS NO,CBASED ON THETA)= 5790,4 

nJST 
RO·R 
0,050 
0,100 
(). 1 50 
0,20ll 
n.z~n 

0,300 
0.350 
0,400 
0,450 
0,50U 
o.~5o 
0,601) 
(),650 

DIST 
RO-RI 
0.034 
0,068 
0.102 
0,135 
0. 169 
0.203 
0,237 
0.271 
0.305 
o. 339 
0, H2 
0. 40fJ 
0.440 

DU/UMAX 
DR 

2.219 
1 • 21:!8 
1.?10 
1 • 2 6 4 
1 • 21 7 
1 • 0 7 3 
0. 9 08 
0,779 
0,694 
0.620 
0.~21 
0, VtO 
0.268 

SHEAR 
STRESS 
0,0043 
0,0059 
0,0067 
0,0067 
0.0059 
0.0047 
0.0037 
0,0029 
0,0023 
0,0018 
0.0013 
0,0010 
0.0006 

DISSJPAliON COEFFICIENT= 0.003057 

ED.VIS. 
U, DEL* 

0,0011 
0.013 
0.016 
0.01~ 
0.014 
0.013 
0.017 
0.011 
0.010 
0.008 
0.007 
0.007 
0,01)6 

REYNOlDS ~ORMAL STRFSS. UCOMPNT= 0,00695 

ED.VIS. 
U(RO•RI) 

0.0007 
0.0016 
0,0019 
0,0018 
0.0016 
0.0015 
0,0014 
0,0013 
0.0011 
0,0010 
0,0001! 
0.0008 
0.0007 

MIX L 
DEL• 
0. 1 2 
0.24 
0.28 
0.<'6 
0.21> 
0.26 
0.27 
0.28 
0.29 
0.28 
0.28 
0.33 
0.36 

MIX L 
(RO-RI) 
0.014 
0.029 
0.032 
0.031 
0.030 
0,031 
0.032 
0.03.~ 
0.033 
0.0"33 
0.03~ 

0.03R 
0.043 

VCOMPNT= ~.00101 
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IJ I I r 11 '• I ~ N IJ N 11 I M f N ~. I IJ N ~ I I I N (, I tt z 1 0 • 0 

AXIAl Dl\1, .NOM INlfl(~) • 1.2511 IN& N.D.DI~T. IX/I I= 0.7?~ 

OIITFH WALL BLUE POSITION 

DELTA•= 0.21K INS. H= 1.77 REYNOLOS NO.IBASfD ON TH~TAJ= 6~67.7 

OIST 
RO-R 
o.o~o 
0. 1 00 
0. 1 50 
0,?00 
0,?50 
I), 301) 
0,350 
1),400 
0. 4 5 [) 
o.~oo 
0.550 
0.600 
0.650 
0. 700 
0.7~0 

0.1100 

OIST 
RO-RI 
0.031 
0. 0 61 
0.092 
o .1 a 
0.1~3 
0. 1 8 ~ 
0.214 
0.245 
0.275 
0.306 
0. 3 3 6 
0. H7 
0.3911 
0.428 
0,459 
0.489 

OU/UMAX 
OR 

1 • 7 56 
0.94/l 
1 • 08 6 
1 • 1 69 
1 • 0 6 4 
1),917 
0.1153 
11.887 
0.940 
0,917 
0.773 
0.553 
0.366 
0.320 
0.410 
0,4()4 

SHFAR 
<;TRESS 
0.0071 
0.0085 
0.0088 
0.0088 
0.0083 
0.0075 
0.0065 
0.0055 
0.0047 
0.0040 
0.0033 
0.0024 
0,0015 
0.0009 
0.0008 
0.0001 

EO.VIS. 
u.otL* 

0.009 
0.021 
0.019 
0.017 
0.01H 
0.019 
0.0111 
0.014 
0.011 
0.010 
0.010 
0.010 
0.010 
0.007 
0.004 
o.ooo 

DIS~IPATION COFFFICIENT= 0.004405 

RFYNOLDS NORMAL STRFSS. UCOMPNT= 0.01057 

TABLE A22-22 

DIFFUSER NON DIMENSIONAL LENGTH = 10.0 

AXIAL DIST. FROM INLET(X) = -9.850 INS. 

OUTER WALL BLUE POSITION 

EO. VIS. 
U(RO-RJ) 

0.0012 
0.0028 
0.0025 
0.0023 
0.0024 
0.0025 
0.0023 
0.0019 
0.0015 
0.0013 
0.0013 
0.0013 
0,0013 
0.0009 
0.0006 
0.0000 

M I X L 
DEL* 
0. 16 
0.32 
0.28 
0.26 
0.28 
0. 31 
0.31 
0.27 
0.24 
0.22 
0.24 
0.29 
0.35 
0.31 
o. n 
0.06 

M I X L 
(RO-Ril 
0.021 
0.042 
0.037 
0.035 
0.037 
0.041 
0.041 
0.036 
0.032 
0.03(1 
0.032 
0.0311 
0.046 
0.041 
0.029 
0.009 

VCOMPNT= 0.00324 

N • D. D I S T • (X I Ll =- 0 • 9 R ~ 

DELTA*= 0.327 INS. H= 2.06 REYNOLOS NO.CBASED ON THETA>= 8286.3 

DIST 
RO-R 
0.050 
n. 1 oo 
0. 1 50 
0.200 
0.250 
o.~oo 
n.~5o 
0,400 
I) , 4 50 
n.soo 
0,550 
0,600 
0.650 
•J • 7 0 0 
0.750 
0.800 
0,1:150 
0,900 
0,95(} 

DIST 
RO-RI 
0. 027 
0.0~4 

0,081 
0,107 
0.134 
0. 1 61 
0. 188 
0.21S 
0.?42 
0.269 
0.295 
0.322 
0. 349 
0.376 
0.403 
0.430 
0.4S6 
0.41l~ 

0.510 

OU/UMAX 
OR 

1. 242 
0,1169 
0.749 
0.747 
11,789 
O.R3n 
0.874 
0.901 
0.919 
0.93tl 
0.932 
0. 9 21 
0.1'.93 
O.R40 
0,761 
O.fo54 
0.524 
1) • 3 7 6 
0. 21 1 

SHEAR 
STRESS 
0.0046 
0.0068 
0.001\3 
0.0095 
0.0105 
0.0112 
0.0115 
0.0114 
0.0110 
0.0103 
0.0095 
O.OOR4 
0.0073 
0.0060 
0.00411 
0.0036 
0.0026 
0.0017 
0.0004 

DISSIPATION COfF~ICIENT= 0.0060,3 

EO. VIS. 
U.DEL* 

0.006 
0.012 
0.017 
0.019 
0.020 
0.020 
0.020 
0.019 
0.018 
0.017 
0.016 
0.014 
(1.012 
0. 011 
0.010 
O.OOR 
(1,008 
0.007 
0.003 

ED.VIS. 
UCRO-Rll 

0.0010 
0.00?1 
0.0030 
0.0034 
0.0036 
0.0036 
0.0035 
0.0034 
0.0032 
0.0030 
0.0027 
0.002S 
0.0022 
0.0019 
0.0017 
0.0015 
0.0014 
0.0012 
0.000~ 

M I X L 
DEL* 
0. 1 2 
0.20 
0.26 
0.21\ 
0.28 
0.27 
0.26 
0.26 
0.25 
0.24 
0.23 
0.22 
0 • " 1 
0,20 
0,20 
0.20 
0. 21 
0.24 
0.20 

MIX l 
CRO-RI) 
0. 0 2, 
0.036 
0.046 
0. 0 50 
0,049 
0.04R 
0.047 
0.045 
0.043 
0.042 
0.01,0 
0.031\ 
0.036 
0.035 
0.035 
0.03'> 
0.037 
0. OL? 
O.O.l 

H f- Y N () l D ~ 'HI R M A l S T ~ H S - t1 C 0 r" P 'l T =_"tl~. _-.0_,_1 -'-~"1-."1\ __ !_V ._r .,_0 M~P N.._T._=::____•_:_) ._:. fl_:_O~~ '-'-"-'-------
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TABLF A2l•23 

IJ 11 Jli \HI N () N 11 I M I ~ \1 (J N A l I F N G T H : 1 0. U 

AXIAL DI&T. ~~OM INLET(X) • V.85U INS. N.D.DIST.(X/L):·0.9R5 

OtllER WALL GREEN POSITION 

DELTA•= 0.327 INS. H= 2.06 REYNOLDS NO.<BASED ON THETA)= 8249.0 

OIST 
RO·R 
1). 050 
0. 1 0 0 
0. 1 50 
0.200 
0.?50 
0.30(1 
0.350 
1).400 
0.45(1 
o.soo 
0.'550 
1). ;;oo 
0.650 
0.700 
0.750 
0.1100 
o./\50 

DIST 
RO·RI 
0. 027 
0.054 
0.081 
0. 1 0 7 
0.134 
0. 1 61 
0. 188 
0.215 
0.242 
0.269 
0.295 
0.322 
0.349 
0.>76 
0.403 
0.430 
0.456 

OU/UMAX 
OR 

1 • 2 4 2 
O.ll69 
0.749 
0.747 
0.789 
O.ll36 
0.874 
0. 9 01 
0.919 
0.930 
0.932 
0.921 
0.1193 
0.840 
0.761 
0.654 
0.524 

SHEAR 
STRESS 
0.0030 
0.00'51 
0.0068 
o.0082 
0.0093 
0.0100 
0.0105 
0.0105 
0.0101 
0.0093 
0.0082 
fl.0070 
0.0057 
0.0045 
0.0035 
0.0026 
0.0015 

ED.VIS. 
U.DEL* 
0.004 
0.009 
0.014 
0. 017 
0.018 
0.018 
0.018 
0.018 
0. 017 
0.015 
0.014 
0.012 
0.010 
0.008 
0.007 
0.006 
0.004 

DISSIPATION COEFFICIENT= 0.005050 

REYNOLDS NORMAL STRESS. UCOMPNT= 0.01520 

TABLE A22-24 

DIFFUSER NON OIME~SIONAL LENGTH = 1.0 

AXIAL DIST. FROM INLET<Xl = 9.850 INS. 

OUTER WALL RED POSITION 

ED.VIS. 
U(RO-Ril 

0.0006 
0.0016 
0.0024 
0.0029 
0.0032 
0.0032 
0.0032 
0.0031 
0.0030 
0.0027 
0.0024 
0.0020 
0.0017 
0.0014 
0.0012 
0.0010 
0.0008 

M I X L 
DEL* 
0.09 
0. 1 8 
0.24 
0.26 
0.26 
0.26 
0.25 
0.25 
0.24 
0.22 
0.21 
0.20 
0. 1 8 
0. 1 7 
0. 1 7 
0. 1 7 
0 • 1 f> 

MIX L 
(RO•Ril 
0.017 
o.u31 
0.042 
0.046 
0.046 
0.045 
0.044 
0.043 
0.042 
0.040 
0.037 
0.034 
0.032 
0.030 
0.030 
0.029 
0.0?8 

VCOMPNT= 0.00190 

N.D.DIST.(X/Ll=-9.~50 

DELTA•= 0.327 I~S. H= 2.06 RfYNOLDS NO.CBASED ON THETA>= 8249.0 

DIST 
RU-R 
o.osu 
0.10\1 
0.150 
1).100 
0.250 
o.~oo 

o.;so 
0.401) 
0.450 
u.soo 
o.S5<> 
0.600 
1).1>50 
0.700 
o.7Su 
n.xoo 
0.850 

DIST 
RO•RI 
0.027 
0.054 
0.0~1 

0.107 
0. 1 3 4 
I). 101 
U.188 
0. 21 ~ 
0.?42 
v.26<~ 

0. 29 ~ 
o. ~u 
IJ. H'-1 
0.376 
0.403 
0.430 
0.456 

DUIUMAX 
DR 

1 • 2 4 2 
0.869 
0.749 
0.747 
0.781J 
o.R36 
0.874 
0.901 
0.919 
0. 9 30 
0.932 
0. 921 
0.893 
O.R40 
0.761 
0.654 
0.524 

SHEAR 
STRESS 
1).0049 
0.0070 
O.OOR5 
0.0098 
0.0109 
0.0117 
ll.0121 
0.0120 
0.0115 
0.0106 
0.0094 
0.0081 
0.0067 
0.0054 
0.0043 
0.003? 
0.002? 

DJ~SJPATION CO~F~JCitNT= 0.00607? 

ED.VIS. 
IJ.DEL* 
0.006 
0.012 
0.017 
0.020 
0.0~1 
0.021 
0.021 
0.020 
0.019 
0.017 
0.015 
0.013 
0.012 
0.010 
0.009 
0.0(17 
0.006 

EO. VIS. 
U(RO-RI) 

0.0011 
0.0022 
0.0030 
0.003~ 
0.0037 
0.0038 
0.0037 
0.0036 
0.0034 
0.0030 
0.0027 
0.0023 
0.0020 
0.0017 
0.0015 
0.0013 
0.0011 

MIX L 
DEL* 
0. 1 2 
0.21 
0. 27 
0.29 
0.29 
0.28 
0.27 
0.26 
0.25 
0.24 
0.22 
0.21 
0.20 
0. 19 
0. 1 9 
0. 1 9 
0. 1 9 

MIX L 
(RO•RJ) 
0.021 
0.037 
o.u47 
u.oso 
0.050 
0.049 
0.048 
0.046 
0.044 
o.v42 
1).()30 

0. 037 
o.u~s 
0.03> 
0.0.<"1 
'1.0~~ 

,J. 0 3 ~ 

VCOMPNT= n.r~~LP 



TABLE A22-?5 

DIFFUSER NON DIMENSIONAL LENGTH = 10.U 

AXIAL DISTANCF FROM OUTLET= 3,75 INS. <1 HYDRAULIC DIAMETER) 

PIN I R WALL lllUF ~OS IT I ON 

DELTA•• 0,?33 INS. H• 1 .5~ REVNOLDS NO,CBA~ED ON IHfTAI• 6H92.0 

OIST 
R•RI 
n.osu 
0.100 
0.1511 
n.zoo 
0,250 
0.300 
0,400 
0.500 
0,600 
0.700 
11.1100 
0.900 

DIST 
RO•RI 
0.027 
0. 0 5 s 
0.080 
0.107 
0.1.B 
0.160 
0.213 
0.267 
0.320 
o. 3n 
0.427 
0.480 

DU/UMAX 
DR 

1 • 8 4 7 
0,659 
n.S31 
0.637 
0.689 
0,66S 
0.617 
0.703 
0.677 
I) , 4 79 
0.450 
0.212 

SHFAR 
qRESS 
0.0034 
(),0053 
0.0068 
0.0078 
0.001!6 
0.0092 
0.0101 
0.0097 
0.001!1 
0.0060 
(),0031 
0.0001 

DISSIPATION COEFFICIENT• 0.004203 

ED.VIS. 
U,DEL* 

0.004 
0.017 
0.027 
0,026 
0. 027 
0.1)30 
0,035 
0.030 
0.026 
0.027 
0.015 
0.001 

~EYNOLDS NORMAL STRESS, UCOMPNT= 0,01141 

TABLE A22·26 

DI~FU~ER NON DIMENSIONAL LENGTH = 10.0 

AXIAL DISTANCE FROM OUTLET= 7,50 INS. 

INNER WALL GREEN POSITION 

ED.VIS. 
UCRO-Rll 

0.0005 
0.0021 
0.0034 
0.0033 
0.003) 
0.01)37 
0.0044 
0,0037 
0,0032 
0.0034 
0.0018 
0.0002 

MIX L 
DEL* 
0. 1 0 
0.34 
0.47 
0.4? 
0.41 
0.44 
0.49 
0.4~ 

0.41l 
0.49 
0.38 
I) • 1 7 

MIX l 
CRO·RI) 
0.012 
0.1!47 
0.059 
0.0~2 

O.O'i1 
0.054 
0.061 
0.0~3 

o.o~o 

0.061 
0,047 
0.021 

VCOMPNT= 0,00819 

<2 HYDRAULIC DIAMETERS) 

DELTA•= 0,198 INS. H= 1 .4S REYNOLDS NO.(BASED ON THETA)= 5771.0 

DIST 
R·RI 
a.o5o 
0.100 
n. 1 s u 
0,200 
0.?5(1 
0.300 
0,400 
O.SOCJ 
0.600 
0.700 

D I ST 
RO-RI 
0.027 
0.05.~ 

0.080 
0. 1 0 7 
0. 1 3 3 
0. 160 
0.213 
0.267 
0.320 
0. H3 

OU/UMAX 
DR 

2.236 
0.709 
0,447 
o.sos 
0. 541 
0.509 
0.462 
1) • 56 0 
0,';49 
0.390 

SHEAR 
STRESS 
0.0037 
0.004? 
o.ooso 
0.0060 
0.0067 
0,0070 
0.0074 
0,0072 
0,0056 
0.0021 

DIS>IPATION COEFFICIENT= 0.002838 

ED.VIS, 
U.DEL• 

0.004 
0.015 
0.028 
0,030 
0,031 
0.035 
0,040 
0,03<:' 
0.02f> 
0,013 

REYNOLDS NORMAL STRESS. UCOMPNT= 0,00954 

ED.VIS. 
UCRO-RII 

0.0004 
0.0016 
0.0030 
0.0032 
0.0033 
0.0037 
0,0047 
0.0034 
0.0027 
0.0014 

MIX L 
DEL* 
0. 1 0 
0.32 
0.'>7 
0.'>5 
0.54 
O.'>'f 
0.66 
0.'>4 
0.4/l 
0.42 

MIX L 
(RO-Ril 
0.010 
0.034 
0.060 
ll. 058 
0.0'>7 
0.062 
0.070 
0. 0 ~ 7 
0.0'>1 
(1.04~ 

VCOMPNT= 0.00611~ 



'5b7 

TABLE A22·27 

DIFFUSER NON OI~E~SIONAL LENGTH = 10.0 

AXIAL DISTANCE FROM OUTLET= 11.25 INS. <3 HYDRAULIC DJAMET~RSl 

INNFR wALL RED POSITION 

DELTA•= 0.153 INS. H= 1.32 REYNOLOS NO.<SASED UN THETAl= 46~6.~ 

OIST 
R•RI 
o.oso 
0.100 
0.150 
0.?.00 
ll.£50 
0. ~00 
0.400 
o.~oo 
11.<'>00 
0.700 

DIST 
RO-RI 
0. 027 
0.0~~ 

0.080 
0. 1 0 7 
0.13' 
O.HO 
0.213 
0.267 
0.320 
0. 373 

DU/UMAX 
DR 

2. 2Y 7 
0.49!! 
0.352 
0.525 
0.568 
0.460 
0.265 
0.216 
0. 1 6 7 
0. 119 

SH~AR 

STRESS 
0.0047 
0.0044 
0.0043 
0.0047 
0.0052 
0.0057 
0.0059 
0.0058 
0.0056 
0.0046 

ED.VIS. 
U.DEL* 
. 0.007 

0.029 
0.040 
0.029 
0.030 
0.040 
0.073 
0.0!!8 
0. 1 1 0 
0.126 

DIS~IPATION COEFFICIENT= 0.002762 

REYNOLDS NORMAL STRESS. UCOMPNT= 0.00946 

TABLE A22·28 

DIFFUSER NON ~IMENSIONAL LENGTH : 10.0 

AXIAL DISTANCE FROM OUTLET= 3.75 INS. 

OUTER WALL BLUE POSITION 

E D • V I S • 
U(RO-Rll 

0.0005 
0.0()24 
0.0033 
ll.OOi?4 
0.0025 
0.0033 
0.00~9 
0.0072 
0.0089 
0.0103 

MIX L 
OEL* 
0. 1 4 
0.62 
0.87 
0.60 
0.59 
0.76 
1 • 3 4 
1. 6 3 
2.07 
2.63 

MIX L 
(RO-RI) 

'J. 01 1 
0.050 
0.071 
fl.U49 
0.048 
0.062 
0. 1 1 0 
0. 1 3 3 
0.169 
0. 21 5 

VCOMPNT= 0.00703 

(1 HYDRAULIC DIAMETER) 

DELTA*= O.l23 INS. H= 1.58 REYNOLDS NO.(BASED ON THETAl= 647~.4 

OIST 
RO-R 
0.050 
0. 1 0 0 
0.150 
1).200 
0.250 
0.300 
0.~50 
0.400 
0.500 
0.600 
0.700 
O.ROO 

DIST 
RO•RI 
0.027 
0.0~3 

0.080 
0. 1 0 7 
0.13~ 
0.160 
0.11!7 
0.213 
0.267 
0.~20 

0.37.3 
0. 427 

DUIUMAX 
OR 

2.056 
0.767 
0.468 
0.510 
0.591 
0. 61 5 
0.593 
0.567 
0.611 
0.691 
0.593 
0.418 

SHEAR 
STRESS 
0.0066 
11.0086 
0.0100 
0.0114 
0.0127 
0.0137 
0.0143 
0.0143 
0.01 ~2 
0.0109 
0.0076 
0.0045 

DISSIPATION COEFFICIENT= 0.005994 

ED.VIS. 
U.DEL* 

0.007 
0.025 
0.048 
0.050 
0.048 
0.050 
0.054 
0.057 
0.049 
0.035 
0.029 
0.024 

REYNOLOS NORMAL STRESS. UCOMPNT= O.U156R 

ED.VIS. 
U<RO·RI) 

0.0008 
0.0030 
0.0057 
0.0060 
0.0057 
0.0060 
0.0064 
0.0067 
0.0058 
0.0042 
0.0034 
0.0029 

MIX L 
DEL* 
0. 1 2 
0.311 
0.611 
0.66 
0 • I) 1 
0.60 
0.64 
0.67 
0.60 
0.411 
0.47 
0. 51 

M I X L 
(RO-R!l 

0. 01 5 
0.04~ 

0.01'1 
0.079 
0.072 
0. 07? 
0.076 
0.080 
0.071 
0.0~7 
0.055 
0.060 

VCOMPNT= 0.00!!97 



st.e 

OI~FU~t~ NON DIMEN.IONAL L~NGTH • 10,(1 

AXIAL DISTANCE FROM OUTLET= 7,50 INS. 12 HYDRAULIC DIAMETERS) 

OUTE~ WALL GREEN POSITION 

DELTA*= 0,15; INS, H= 1,40 REYNOLDS NO.IBASED ON THETA>= 4641.9 

DIST 
RO-R 
0,050 
0,100 
0,150 
0.200 
0,250 
:),300 
0. 3 50 
0.400 
o.soo 
0,1\00 
0,700 
0,800 

DIST 
RO-RI 
0. 027 
0,053 
0.080 
0. 1 0 7 
0. 1 3 3 
0 .161) 
0. 18 7 
0. 2H 
0.267 
0.320 
0, H~ 
0.427 

DU/UMAX 
DR 

2. 477 
(). 411 
0.364 
0.601 
0.62~ 
0.47/l 
0,351 
0.354 
0.609 
0.525 
0.229 
0. 11 2 

SHEAR 
STRESS 
0.0047 
0.0052 
0.0056 
0.0061 
0,0066 
0.0072 
0.0079 
0.00119 
0.0118 
0.0144 
0,0149 
0.0133 

ED.VIS, 
IJ,DEL* 

0.006 
0. 041 
0,050 
0,033 
0.034 
0,04b 
0,073 
0,0111 
0,062 
0,01!9 
0.211 
0,384 

DIS~IPAliON COEFFICIENT= 0.004981 

RF.YNOLDS NORMAL STRESS. UCOMPNT= 0,01257 

TABLE A22-30 

DIFFUSER NON DIMENSIONAL LENGTH = 10,0 

AXIAL DISTANCE FROM OUTLET= 11.25 INS. 

OUTER WALL RED POSITION 

ED.VIS. 
U(RO-Rll 

0.0005 
0.0034 
0.0041 
0.0027 
0.0028 
0,0040 
0,0060 
0.0067 
0.0052 
o.oon 
0.0174 
0.0"318 

M I X L 
DEL* 
0. 1 3 
0.80 
0.94 
0.59 
0.59 
0.81 
1 • 1 6 
1 • 2 2 
0.81 
1 • 0 4 
2.44 
4.72 

MIX L 
(R0-~11 

0.010 
0.061\ 
0,077 
0.049 
0.049 
0,067 
0,096 
0.101 
0.067 
0,086 
0.201 
0.390 

VCOMPNT= 0.01317 

(3 HYDRAULIC DIAMETERS) 

DELTA*= 0,112 INS. Hz 1.29 REYNOLDS NO.IBASED ON THETA>= 3492.4 

OI~T 

RO-R 
0.050 
0,100 
11,150 
0.200 
0,250 
0.300 
11.350 
0.400 
I), 5 Q 0 
0,600 
0.700 
0.1!00 

DIST 
RO-RI 
0. 027 
0,055 
O.OI'W 
0. 1 0 7 
0.133 
0.160 
0.1117 
o.zn 
0.267 
0.320 
0. H.S 
0. 427 

DU/UMAX 
OR 

1 • 9 1 8 
0,1132 
0.565 
0.497 
0.437 
0.370 
0.329 
0.328 
0.374 
0.332 
0.256 
0. 1 01 

SHEAR 
HR!:: SS 
0.0034 
o. 0041 
0.0049 
0.0055 
0,0060 
0.0063 
0.0066 
0.0068 
0,0067 
O.OUSf\ 
0.0045 
0.0026 

DISSIPATION COEFFICIENT= 0.002233 

ED.VIS. 
U,DEL* 

0.008 
o.oa 
0.039 
0,049 
0,061 
0.076 
0.090 
0. 09 2 
0.079 
0.078 
0.078 
0. 11 7 

REYNOLDS NORMAL STRESS. UCOMPNT= Q,01033 

EO. VIS. 
U(RO-RII 

0.0005 
0.0013 
0.0023 
0.00?9 
0.0036 
0,0046 
0.0054 
0.0055 
0.0047 
0.0047 
0.0047 
0.0070 

MIX L 
DFL * 
0. 1 9 
0.49 
0.78 
0.94 
1.12 
1 • 3 6 
1 • 56 
1 . '8 
1 • 38 
1 • 4 5 
1 • 6 5 
3.22 

MIX L 
IRO-Rll 
0. 01 1 
0.029 
0.047 
0.056 
O.Ot\7 
0.081 
0,1)93 
0,095 
0.082 
O.Oil6 
0,0<,19 
0. 1 Q 2 

VCOMPNT= 0.00658 
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APPENDIX 2]_ 

INVESTIGATIO!'l OF HOMENTUM BALANCE IN THE O:JTER A!'·m INNER WALL 

BOUNDARY lAYERS 

A23-l Introduction 

A calculat1on of the magnitude of the terms in the 

mornentmn equation, for the inner and outer ,.,all boundary layers, 

was carried out for all three diffusers, In this calculation 

the exper1mental values of wall shear stress, shape parameter, 

pressure gradient, Reynolds normal stresses, etc. were used to 

ca~culate the terms on the right-hand-s1de of the ~quation, The 

calculated value of de 
dx 

was then compared with the values of 

obtained from a plot of the experimental values of mo'llentum 

thickness. Apart from ind1cat1ng the relative significance of 

the various terms, this approach also gives a guide to the 

overall acyuracy of the experiment. 

been adopted by Coles and Hirst(~), 

A similar technique has 

(29) and Goldberg , 

A sample calculation is given 1n Sectioa A23-2 to indicate 

the method of analysis employed, The calculations are summarised 

in Tables A23-l to A23-6, and the results are shown 1n Figures 

A23-l to A23-4, and 4-12-2/3. In Figures A23-5/6, and 4-12-4, 

the values of momentum thickness obtained from the right-hand-side 

of the momentum equation are compared with the experimental values, 

A23-2 Sample Calculation 

Diffuser L/~R1= 5,0, X = 1.95 ins. Outer Wall Boundary Layer, 

The outer wall momentum equation is:-



572- I 

,. 

dGo = dx 

(i) Outer Wall Surface Friction Coefficient (Cfo) 

From the Law of the lvall Plot (Fig.4-ll-2) (f0 ~ 0.00070 

Cfo = Q, 00035 
2 

(~i) Influence of Transverse Curvature 

From Table A4-5 8 0 = O.o8;; ins., hm<ever from F~g. 4-7-10 

a value of 0.035 is obtained, 

& dRo = 0.1(63 
dx 

Q_o dRa = 0.0023b 
Ro dx 

(iii) Pressure Grad~ent 

From Table A4-5 

Fig. 4-7-10. 

H = 1.91, a value of 1.88 is obtained from 
0 

The term ! dU can be calculated in two ways, firstly from 
U(iX 

A23-1 

the continuity equation to find u , and from the boundary layer 

ti 
data (ij) to obtain U. The var~ation of U with 'x' is then 

dU 
plotted and (dx) obtained graphically. However, this approach 

was found to be inaccurate due to the relatively low value of 

(~), particularly as X - 1.0. 
i: 

The following technique was 

therefore adopted. 

Writing Bernoullis Equation at the point of Maximum Velocity 

and 

(dP,.) =(dP) +fUdU 
ldx m \·dx m dx 

2 (dR-) 
pU 2 dx m 

2 (dP) + 2 dU 
pu2 dx u dx A23-2 
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EstJ.rnat1ng the gradient from F1g. Al0-5 at X = 1.95, l<e obtain 

dP(2 )= 0.11, 
dx pu,2 

& Ax = 1. 385 
A, 

. ( u, )2 8 2 and from continuity Ux = 1.3 5 • 

hence 

z 
From Table A4-5 (~)X o. 791 ' dP ( Z ) = 0.211 X 0.791 = 0.13Z 

dx pU 2 

.1:..._ ( dPT) = 
pu, 2 dx m 

- o. 008 From Fig.Al0-4 

and proceeding as above 

(dPT) 2._ = -0.008 x 1.385
2

x 0.791
2 = -0.0096 

dx m pU 2 

2 dU = - o.009t.- o.13Z = -0.1416 
U dx 

I dU = -0.0708 
UdX 

Bo dU ( H0 +2) = 0.085 x (-o.0108)x 3.88 = -0.0234 
u dx 

(iv) Total Pressure Loss Term R.~- R.: -'- ( dPT) 
R0 2pU 2 dx m 

'2. (dPT) = - 0. 0096 
pU 2 d X m 

From section (iii) 

.'. _1_ ( dPT) = - 0.0024 
2f'U2 dx m 

From Fig. A3-15, Ro - Rm = 0.67 ins. ;. Rm = 6.34 - 0.67 = 5.67 ins. 

'2. '2. ) R 0 - Rm _1 ( dP,. = 

R0 2pU 2 dx m 
b.34

2
- 5.(,7

2 
X (- 0.0024) = -0.00304 

6. 34 
Ro 

(v) Reynolds Normal Stresses I d f ( -,Z -,z -• 2)R dR __ u+v,-v -R 
u2 dx o 

o. 0025 
Rm 

Ro llo 

within experirnenta~ error ...!... .Q J(u' 2+v~-v' 2)E.dR = .!.
4 

d f(u' 2 -v' 2
)dR * 

U2 dx Ro U dx 
Rm Rm 

= o. 00035- 0.0023(,- (- 0.0234)+ ( -0.00304) + 0.0025 
Adding terms 

o. 02085 

compared l<ith an experimental value of dGo = 0.022 
dX 

* In vie\< of the large radius ratlo (R,fRo), see Appendix 25, 

the tw·o-diMensional version has been used. 
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- MOMENTUM TERMS EVALUATION FROM EXPERIMENT 

-- SUM OF TERMS ON R.H.S. OF MOMENTUM EQN. 
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I lx~, 2pU 2 dX m 
' I 1 t~- . __ 

. ·~ 
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FIG.A23-I MOMENTUM BALANCE FOR THE INNER WALL 

BOUNDARY LAYER Lft::,R,=7.5 DIFFUSER 
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-MOMENTUM TERMS EVALUATION FROM EXPERIMENT ' 
I X 

--SUM OF TERMS ON RHS. OF MOMENTUM EQN 
• 

0-020 - I 
-( H+ 2)§dU 

I Udx 

0.018 

0.016 

0.014 

0 012 ---1----- - +--- -- - -1----- --

I 

' I i 
0.010 - -- _ __j___ - - .J ' ' - ' -< -- _j __ - --- _j ___ --

o.ooe 

d6 = !;_f _ ~ dR0 _(H +2)~dU + 
dx 2 R0 dx Udx 

T -- - -- T 

' 
! 

-T 
I 
' 

---- r-- ---------
. I 
I 

0.006 ------ -- ---- -1-

0.004 --

0.002 --

-; 
i 

- ' 
I 

.! .!l_ JC ;j' + v;!- V'')dr 
I : U'd> I I ;____,--

_, - -- --- t --.::=.....::=P:::.--=----~ r-- --t-- -_(__ 
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1
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'DISTANCE FROM INLET X-ms 1 

: I 
-0 002 -- jO- -o-

- -+--- --- --

-0.004 

FIG.A23-2 

1 

I 
-1- ---

MOMENTUM BALANCE FOR THE OUTER WALL 

BOUNDARY LAYER L/.C:.R,•7.5 DIFFUSER 
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MOMENTUM TERMS EVALUATION FROM EXPERIMENT 

SUM OF TERMS ON R.H 5. 0 F MOMENTUM EQN. 

1 
I 

X 

1-
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FIG.A23-3 MOMENTUM BALANCE FOR THE INNER WALL 

BOUNDARY LAYER L/tlR,·IO.O DIFFUSER 
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0.008 

de = ~< _ e d Ro _(H-+ 2)Jl.dU + R;- R,; _1_ (d P,) + _ul 
2 

dg_xf(u' 2+ v;.
2

- ii'
2
)dr 

dx 2 R 0 dX Udx R0 2pU 2 dx m 

0.006 

0.004 ---

0.002 
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FIG.A23-4 
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z 2 --- ~ R0 -Rm I (dPT) 
Ro 

1
2pU2 dX m 

I I 

MOMENTUM BALANCE FOR THE OUTER WALL 

BOUNDARY LAYER L/llR 1=10.0 DIFFUSER 
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o x EXPERIMENTAL VALUES OF MOMENTUM 

THICKNESS t9 

MOMENTUM THICKNESS CALCULATED FROM 

SUM OF TERMS ON R.H.S. OF MOMENTUM 
EQN. 
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o x EXPERIMENTAL VALUES OF MOMENTUM 
THICKNESS 6 

MOMENTUM THICKNESS CALCULATED FROM 

SUM OF TERMS ON R H.S. OF MOMENTUM 
EQN. 
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TERMS IN 'MOMENTUM INTEGRAL EQUATIONS 

L!liR 1=5.0 DIFFUSER INNER WALL 

TABLE A 23-1 

X in5 o.3o 0 "75 1-35 1 95 2 55 3.15 3.75 4.28 4.85 

cf ::> • .:>0'31 0 0025 0 002 0 0018 0 00/5 0.0014- 0 00/4- 0 0014- 0 0014. --- -- -·-- - --

(f/z 0.0.:>155 0 00125 0 001 0 0009 0 00075 0 0007 0 0007 00007 0 0007 
~ -- - - -

el lOS 0 044 0-054 o.Ooo 0.077 0 OB(, 0.095 0.103 o.lo9 Q.l/4 
- ·-- -- - ~ ---

-.!. du 
o. '"" 

0-1344 0 0972 0 0709 0054 0 0454 o.o3B2 0.0331 0.0309 1-- -- u d)< -

H 1 (From graph) I. 31 I. 38 I. 45 1.505 I. 5"7 \. bl I. bS \. 67 /. t.9 
- - - - -

-{H+l)~du 
0-02% 0-0245 0-02.22 0-0192 Q.OIE.b 0 015(, 0-0143 0 0133 o.ol3o e. - u d~ - - -- -

Rm ( E•lm) 5 52 5.53 5.b2 5 b7 s. (,9 5 73 5.7(, 5.81 5. b 7 
--- -- -- -- -- - -

R, InS s.o 5.0 5.0 50 5.0 5.0 5.0 5.0 50 
--- -- -

R ' R 2 
"79 82 8.8 m- ' 5.45 55 hB "7. I '73 71 

1-- . -
R.,2 -R,fR, :.09 1.10 I. 3b I. 42 I. 4(, I. SB l.b4 I. 76 I. 42 

_ (dPr) I 
dim 2pU

2 0.0021 0 0022 o oo:n 0 0024 0.0025 0 002b 0 002b 0 0025 0 0024 
-

t.[Cu·'+v'! -v·')dr 0 000% 0 00157 0 00254 o oo3B 00044 0 0051 o.oose, .- 0 0071 

-'- ..4 [C'' -·'-v·')d uldx. u -+Vm r 0.0011 0.0014 0 0017 0.0013 o.00/1 o.ooo9 0 0009 00009 0 0009 
d fl, 
dx PREDICTED 0.0234 0-02.48 0-0218 0 0180 o OI4B 0 0131 0 0116 00105 0.0112 

- . -

dS, 
dx MEASU~E'O o.0\95 00225 O.Q\95 0.0110 Q.Q\50 0 0135 0 0125 0 0115 o.0\10 

_Rj-R,2 ..!... 2(dPr) 
R, 2p\l dx m 0 0029 0 0024 0 0031 o.oo34 o.oo37 0 0041 0 ()043 00044 ooo34 

~--- . -. -- -- - --- - -- -- -

-
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L/6R,=5 0 DIFFUSER OUTER WALL 

TABLE A23-2 

X 1n5 o 3o 0 75 1· 35 1 95 2·55 3 15 3 75 4-28 4-·Bs 

cf o.oo31 o. 0021 o.oo12 o.ooo75 o.ooos 0·0003 o.oool8 o. 0001 o.oooo3 

(f/z 
~00155 o.ootos o.ooob o.ooo?IS o.ooo25 o.oootS ~"?0~~ o.oooos o.ooooiS -- ~--- -----~ 

eo InS 0 04.6 0.057 0 012. 0-085 0 099 o.lll 0-12.2 0.13 0-138 
c_ 

Ro "'~ b.os b -13 (,. 24 b.34 (,.45 I:.Sb b. bb b 7b 6.85 
---- ---- ~-- --- ---- -------- -~-- ~ r--

_§_ dR 
p.ool34 R dX o. ool1>4 o.oo2o; o.oo23b o.ooz7 o.oo298 0.00323 o.oo34 0.00355 

Ax/A, 
r--~ 

1. 057 1.148 1. 26:!. 1.385 1. 51 1.b3 1.7b 1-87 1. 99 
~----- ----- -----1-------- -- -- - ---- ----f------

dP :_
2 

0.3b 0.27 0-17 0-11 0.075 0 058 0 045 0.038 0.035 dx pu, 
f---7------- -~-- ---- f----- ------ ---- -- r-
(u/u) 0 885 0 856 o. 825 0.191 0.756 o. 723 o. b87 O.bSO O-b12 
dP ( 2-; ---- ---- ---- ---- --- r------------ :---~~- r----

~x____PU< o.:.ts 0-2bo 0.1 85 0.132 0.098 0-0805 o.o66 o o56 0.052 
--- ------ ---- - ----- -- -- ----- r------- -- --

_dPT(~ 2) 0.0084 0.0088 0 0093 o.o o9b 0.010 0.0103 0-0104 0 0102 0.0098 dx pu r---------- r--
- ~ dU 

u dx 0.3234 0.2688 0.1943 0.141 {, o.1oe 0 0908 0.0764 0.06{,2. o.ob18 
--- ---

I dU - u dx 0.1b17 0.1344 0 0972 0-0709 o.os4 0-0454 0.0382 0.0331 0.0309 r---------- ~~~ -- -- --- --- --- ------ r-----
H0 (From 9rap1.) 1 39 1. so 1.b9 1.88 2.12 2.38 2.68 3.10 3. 50 

- ~ 

-(H + 2) Q dU 
U dX 0,02.52 0 0268 0.0258 0-0234 o.ou o.OU1 o.o2.tB 0 0219 o.onz 

--------- ------ ----- ---- 1-----

_ (d PTl _3,_ l crx pu, o.OCJ9b o.o092 00086 o.oo8 o oo77 o-oo74 o. 0071 0 00!.9 O.OObb 
---- ~------ -=--~--- ---

(dPT~ 2. 
dX '"' ()U

2 0 0084- 0. 0088 o. oo93 o oo9b 0 010 0 0103 0.0104 0 0102 0-0098 r---- -- ~----- ---- -~-- ------- - - - --- ----- - ----- ----- ----

Re 1nS 6.os 6-13 6. 2 4- b.34 b 45 {,.5(:, b bb b.7(, b-85 
--- --- -- -----~· 

Rm (htm) 5.52 5.53 S.b2 S.io7 5.(,9 5.73 5. 7b 5-81 5.(, 7 
r------------- ----- --- ---- ---~ - ~- - r-------

R 2_R , 
biO l.c 7.3 8.1 9.3 10.1 11-2 11.9 14.9 o m r----::--. - ~ T- -- -------- - -- ------ -- ---- ---

Ro- Rm I Ro 1.01 1.14 1.17 1 28 1.44 1.54 1.lo8 1. 7(, 2.18 :----------- ----- -- ---- ---- '---- ----
-(dPT) .!._ 2 

dx m j>U 0 002.1 o. ool2. 0. 0023 o. 002.4 0 002.5 o. oo2b 0 002b o oo2S 0 0024 
f-=----- --- ---- -- C------- -- --- --- ---- -- ----_ R0.,.-R,; (dPr) _!_ 't 

~ dx m2fU 0.0021 o. 0025 o.oo27 0.00~0 0.0036 0 004 0.004-4 0.0044 0.0052 
~'----- ~- -- ---- ------ ----1--- ----- -----
lx-1-1-1)d u2. u' +v:n -v~ r 0.0017 00023 0 0037 0·00!;4 0 0073 0-0089 0.0108 o.ol3 0.0156 

--- ----- -- ---- ------ ---- -~~ ----- -----
1 g [( 1 ,1 -·')J - 1 U'+V -v r 
U dx r'l'l o.oooe o oooe 0-002 o.oozs 0.0028 o.oo3 o.oo3 0.0035 0 004 
( d 9 \ PRE.o•c~T"" r-------

dx } BY L H S 0.0241 00245 0.02!>7 0.02.08 0 0188 0.0183 0.0113 O.OIT7 00184 
------ ----- ~ -~-- ----- ----- --- r-----

(~~ )MEI'-SURED o.o22 0.0225 0 023 0 022 0.0195 0-018 0.01(,(, o.olb o.ol6 
----- ---- - -------

~--- -- ---- r----- ;----- ---- --

----- --

1---------- --- -- - --- ----- ----- r-----
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L/6R,=7. 5 Dl F FUS ER INNER WALL 

X ins 

fl; InS 

1 dU 
c- --ucrx 

H j (From 9ra ph) 

-(H•2)~ o!_y u dx 

TABLEA23-3 

I. 25 2-20 3.15 4.10 5.05 boo 7.35 

0.002~ o.ooiBS 00016 0 0015 0-00135 0.00133 0-0013 

o oo11S o oo093 o coos o ooo75 o.ooo6B o.ooo67 o. oool.S -- -- -- --- ---- - ----- --- ----- ------'-'-

0 058 0·0715 0 085 0 0985 0-1120 0.1250 0.143 
- -- ---- ------- ---- ----

0 0759 o. Ob'2.S 0.0547 004-81 o.0427 o.03B7oo316 

I. 39 1-485 I. 5'b5 1. 1,27 1- (.7 1. (,95 1. 715 

0 0149 0-0151, 0.0165 0 0171 0 0175 0-0179 0.0168 

Rm(Estm) S.Sbb 5-b24 5.{,77 5.72?> 5.71,9 5.820 58% 

s.o s.o s.o S.o s.o 5-0 5-0 
---

2 J. 
Rm- R, bO 78 8.3 8.9 9.7 

-- --
Rm•-R,/R, I . '2. I. 32 1.45 1. 5b 1-18 1.94 

-- - ------

- (dPT) ..2__ l 
dx m 2pU o.oo1s o oot7 o 0019 o oo2o o 0022 o.o024 o ooZ!, 

R2 -R' 1 (dPi\ - --"'R.' 2pu' d;/, o oo18 o.oo2.2. o oo28 o oo31 0-'?:'.:>7 o.oo43 o.oos1 

I ~(-·' -,< -,•)d 
\j>Jiu +Vm-V r 0 00253 o.003bb 0.00512.0 00b43 0.00198 0.00973 0 01099 

I d ((-•' -,• -,z)d 
u'.h)'U+Vno-V J r C-0012 0 0013 o.oo12 o oo12 o.oo12. o.oo12. o.ooo7 

de, 
dX PREDICTED 

d8, 
d X MEASURE.D 

-- - - - - - - --- --- -

0 0154-5 0 015b o.OI575 o 01585 o.Ot5B3 o.OISS 0.01305 
- ---- -- - ------

0.0145 0 0145 o. 0145 0 0145 0 0145 0-0145 0.014 
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L/D.R,•7.5 DIFFUSER OUTER WALL 
TABLE A23-4 

X in~ 1.2.5 Z.2 3.15 4 .1o s.os t..o 7.35 

f--~C_f ________ 0.00184 C?_.OOI4-4 o,OOIIS_ o.00()95 ()._00078 ()._OOOb2 o.ooo4 

(f/ 
1'2. o.ooo92 o.ooon o.o0059 o ooo4S o ooo39 o oao31 o ooo2 

!------~----- ~--- ----'----- -"------ ---~-- _-_ 

6o In~ O.Obl5 0 075 0.088 O. IOZ 0.115 0.130 0.155 
i----~ -- -------- --- -- -- - --- -- -

Ro 1ns 6.146 &.257 6.367 6.478 b 589 t,.7 6.857 
r--8C!i:i-~- ------ ----- ---- - - -------

- R_dx_ _____ ~o_:>~l7 o_.oo14 o_ooiE.I_ o o_oiBiJ: o oo2o4 o_oo22E. () oo2b4 
A.! 

/A1 
1-- dP 2--- ---

- ""'-2. 
1--"'d")(- p u' --

(u/u) 

_ 2 dU 

U dx 
_ I dU 

u dx r---- ----
1-to(Fmm graj>h) 

i-- ---- - -
-( Ht2) ~ du 

u dx 

R., ( E..st'") 

2 2 
Ro- R rn 

I. 162 1.285 1. 413 1.542 1.1>74 1.81 1.98 

0.15 o.1os o.os2 O.OE.4 o.05 0.042 0 03 

0.85 0 818 o. 79 o. 758 0.739 o. 702 o. lob9 

o.I4E. o.119 o.1o2 o.oes o o7~>5 o.olo77 o.os3 

o.oo58 o.oot.E> o.oo75 o o082 o.oo9 o.oo97 o.olo3 

0.1518 0.1256 o. 1095 0.0962 0.0855 o. 0774 0.0633 
- -- -

0.0759 O.OE.28 0.054-7 0.0481 0 0427 o o387 o.o316 

1.5 I hi \.73 1.81> 2 0 2.14 2 35 
-- ----

o OlbiB o Olb9 0 018 o.ol84 o.ot% o 0201 0 0214-
-- --

6.141> b.257 h.3hl 1>.478 h. 589 h.lo {, 85{, 
~ 

5.677 5.723 5. 7!>9 5. 82 5. 8% --- ---- ----

b./0 7.60 8.30 9.2o 10 00 If 00 12.10 
- - ----

Ro1.-Rm1./Ro 1.09 1.'215 1.304 1.420 1.520 1.€,40 1.7t.S 

r-:(~~~)~ ~~~;- o.~~~5 o.-~017 : ool9 ~~oo2- o oo22 ~~oo24 o oo~~ 
f:-R'-R'(dP.) I --o m _T -, 
-~ _ dx m 2fU o.ool'-?> o oo2o7 o oo248 o oo2.84 o.oo334 o 00394 o 0046 

I [(-1 -1 - \ d 
\jt)' U' +V~- v''J r 0.002.5 0 0038 0.0055 0.0074- 0.0099 0.0124 0.0 I 65 r----.- ---- --- - ~--- --- - ----- ------ ----
1 d f(-,1 -,, -·')d 

u'dxJIU +V.,.-V' r 0.0011 0.0015 00018 0.0019 0.0022 0 002?> 0.0021 
- --- - - -- - -- -- -- - -- - - - - --- --

dGo 
d X PREDICTED O.C'I54 o.OI5b Q.OI!,lS o.olt.l 0 Q\!,8 o. 0171 0.017\ 

o.0\45 o.OI45 o.ot45 o.ol45 o.OI55 o. olt.o o.OI75 

-- ----- - -- ----------
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L/~ R,~JO.O DIFFUSER INNER WALL 

TABLE A23-5 

X 1ns I.O 2.2.5 3.2.5 4-.25 5.45 7. 25 9. ss 

Cf 
- (f/~----

f--· .. -

e, ins 

. - p 00135 0 00115 o.oolo3 o.oo093 o.ooo83 o.ooo75 o.ooo65 
·- ------. ~---'-

~--- -

I dU 
- U dx 

0.051 

D.054 

0.064 0. 075 o 086 o 098 o.IIS o.l4-7 

o 0489 o.o469 o.042 0.0406 0.0338 0 0287 
~- -- - - . . . - ---

H, (From graph) I 36 1.43 I. 48 I. 53 158 1.63 1.69 
·- . ------. . --~ 

-(H+2) ~ dU 
0.00924 O.OI07Z o.OI'423 0.012.71 o.OI38 0.0141 0.01554 u dx r--. --- - .. - -- -- l-. ---- . -- --

Rm (Est"') 5. St, 5 bo 5.62 5.65 5.695 5.80 5.88 
------ . - . ·- . . ---- -~- ---------

R; InS s.o s.o so so s.o s.o 50 
. ·-

' 
---- ... ... ------

Rm2
- Ri

2 
5.95 6.+ 65 69 7.4 S.t, 9 6 r- . . - . ·-· -------- ·-- --

Rml-R(/R, 1.19 1.28 1.3o I 38 J.48 1.12 I. 92 
- ----- - ------ -. --

( dPT\ I 
- (lX /m 2pU 2 0 002 0 0021 0 0022 0 0023 0 0023 0.0024 0 0025 

- . . ... --·-- -----. -------
_Rm'-R!-' (dPT) 

---..;- 2pU' ~/m 0 00238 0 00269 0 0028b 0 00317 0.0034 0.00413 0,0048 
- -- ----

~,j(u·' .. v~-v·')dr oool4 o oo21 o oo27 o.oo33 ooo42 o oos3 o.oo&b 
. . 

I d [(-·' - 1 -,1\d u•J;: U +v;,- v I r o.oooS 0 0005 o.ooos 0 0005 0.0005 0.0005 o.ooos 

de, 
dX PREDICTED 0 OOS71 0.009b8 0.0109 0.01097 0.01173 0.01117 0 01189 

~ ---- .. --·- .. - -·. -
de; 
dX MEASURED 0 0105 0 0105 0 0105 0.0105 0 0105 0.011 0.013 

- - - - -

-- .. ------- .. ----

:------ - --- -- - --·---- ----- -------

---- -· ----~ 
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L/liR,•IO.O DIFFUSER OUTER WALL 

TABLE A 23-6 

X ,,~ 1-o 2-25 3. 25 4.25 5.45 7-25 9.85 

Cf o. 0025 0.0019 o. 00175 0.0015 0.00135 0,00115 0.00075 ----- -·--- ---- -
Cfjz 0.00125 0.00095 o.oooss 0.00075 0-00068 o.oooss o.ooo38 

-~ 1-----

eo ins 0.051 0-065 o. 0"71 0.088 0.102 0.123 0-159 
- -

Ro II'IS 6.088 6. 20 ~§4 6 37 f:,. 4 77 6.635 6.862 
- - -

9 dR 
R dx 0 000/3 0 00092 0 00107 o.ool21 .2_00139 0.00fb2 0.00202 

Ax/A1 
I-

1.1 1. 225 1. 325 1.425 1.545 1.125 1.985 
tiP 2 

dx 
-=:t 0.11 0.085 0.0'13 0.058 0 os 0.035 0.025 pu, 

f----- --- --
(u/u) 0.87 0.841 0.82 0.802 0.78 0.745 0-69 

dP ( ~) 
--f--'--- ----- -~----· -

d). puz 0.10 0 0895 0.0852 0.075 o.on 0 058 0 0475 ---------- f----- ---- t--------- -

-1.4E') ( .1o.~) 0.0081 0.0084 o.oo87 0.0091 0 0092 0.0096 0.0100 dx m pu --=:.-- ---~ - -----r---- - ----- -----
2 dU 

-U dx 0.1081 0.0919 0.0939 0.0841 0 08!2 O.Ol.7l. 0.0575 
-------- --~- ------ - -- --- --~-- -- ---- ·- --- ----- ------- -- ·- -- - ·-

I dU 
-udx o.os4 0.0489 0.0469 0.0420 0.0406 0.0338 0.0287 
------ ---- -------- ---- ------- ----· - --- - ---- ------ ----

\-\o (From 9"'1'~ 1. 385 1.5 1. 57 1-63 1.11 I 845 2.06 -- - ---- -- ---- ------ ------ ------ --- -· - - --- -- ---- --- -· ---- ---
-(H+2)g_ du 

0 0093 o. 0111 0.0129 0 OI33B 0.0153 0.0160 0.018" U dx -------- ------ _____ _.. ---- e-.---- ----- ---- - - ---- ---- ---

Ro 6.oss 6 20 b 284 6.37 b.471 6.b35 b. SS 
---- 1---·---- ---- --- ---- ----1---- --

Rm (Est"') S. Sb s. 6o 5.62 s. 65 S.b95 5.80 5.88 
------ ----- -- -- - t-- --

R_;- R.; b os 7.o 7-9 8.7 9.55 10.4 12.5 
--- ~-- -~-- ~~--- ---- --- ------

Ro"-R,;fRo 0.955 1.13 1.2b 1.%7 1. 475 1. 57 1. ez 
{d"') I 

----~ -~- ---- ----- ------ ------- --

- d/ m 2PUz. 0 002 o.oo21 0.0022 O.OOB 0.0023 o. 002.4 0 0025 

~~;(~r)m ~~ U1 

--- r- --- ------ --- --- - - -- -- ----- -. --- ----

0.0019 o.ooz-37 0.002.18 0 00314 0 0034 o.oo3TI 0 00455 -,--- ---~!!- ----- --- - -- -- -- ------ ---- ---- ---- -----

~ tj ( u·'.. v..;'- v'') dr O.OOibS 0.0024 0.0032 0-0044 o. 006 o.ooss 0.0140 
I- -- - -- ·---- . -- ---- - - - - --- -- --- -- -- - ---- -- - - - ---

I d rr-·• -,' -·9d -t- u•v'"-v r 0.0006 0 00075 ooooq 0 0012.5 0 0013 0 0015 U dX 0.0011 r--e---------- --~ -- - --- - - -- --- ------ -- - ---- ------ -----
de, 

o.ooss 0.0095 0.0108 0.0109 0.0124 0.0124 0.0139 dX PREDICTED r.>-· ------- -- -- - -- ---- --- ---- -·-- ------ --- -- --- - - --· -· --de. 
dX '-1E.A.SURED o.OlO 0-011 0.011 0 Oil 0.012 o.ol3 0.015 r---- --- --- - ----- -- f-· ----· ----- ---- ------- ---- t---- --~-

r--- ------- -------- -- - - -- - - ·- -- --- -- ---- -- - f-- -- --- --- -- --~--

--- - ------~-- -- ---- ------ - --- --- ---- ----1----- --- -----

1------------ --- - --- - --- - ---- --- -- --- -- - -- ------ ----

--- - --- ·- -. - -- - - - - --- - ------ ---- -- -----

r--- ·- -~- ·-- - -- - ------ -- -- --- ----- -- ------ -- - --
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APPENDIX 'JA 

INVESTIGATION OF ENERGY nALAl'ICE IN TilE OUTER AND INNER \vALL 

BOUNDARY LAYERS 

A24-l Introduction 

A calculation of the magnitude of the various terms in 

the energy integral equation was carriPd out for all three 

diffusers. A similar approach to that outhrred in Append1x 23 

was employed, the experimental values of, diss1pation coefficient, 

energy thickness, pressure gradient~ etc. were used to calculate 

values of do** 
ox 

A2~-2 Bas1c Equat1ons 

The rotationally symmetric form of the energy equation for 

the inner wall layer, neglecting Reynolds normal stresses, is 

derived in Appendix 25. 

, Rm 

£!. [ nR, U3 8~*] = Q,( dP,) + 2.n J u 
dx P d>< m (> 

R; 

Using 1y 1 to denote the co-ord>nate at right angles to the inner 

wall, we may write; 

Q,(dPT) 
(> d x m 

and 

where 

and Q; = 



In view of the large radius ratio (Ri), and the fact that 
Ro 

~1 = o, equation A2~-2 may be approximated to 

do ... 
dx 

where 

3 s~· du 
U dx A 2~-3 

Consider nm< the two-dimens1onal form of the energy equati?n 
0 

.f!.[U
3
o,u]: 2Q,(dPT) -1- 3_J 7dU dy AZ~-~ 

dx (' dx m (> 
0 

dy 

where Q = U( 8-8*) and therefore expanding A2~-~ we obtain 
s ., 

d87~= (8-S~)(dPT\ 2 + 2 J 7dudy- 3~dU A24-5 
d" dx/m pU 2 pu 3 dy u dx 

0 

The laminar form of the dissipation integral can be 

written as 
'd 

J 'T du 
dy 

0 

s s 0 

dy = JJJ( du)
2 

dy =fA [(u du) - J u d
2
u dy] 

dy dy dy~ 
0 0 0 

at 'j = d , du • o. , and at 
dy 

y • o.' u = o. 

so the first term is zero, and we may l«i te 

s 8 a I 'TdU Cly = ?f u d 2
u dy • J u d'f dy 

dy dy• 0 dy 
0 0 

Therefore it is more convenient to express the dissipation 

coefficient C 0 =~ J u d'T dy 
pu, dy 

in the more usual form 

2 J :I...,_ d ( %) dy 
[>U dy 

and Equation A2~-3 becomes 

Bearing in mind the possible errors in the shear stress 

mcastn"ements, and the large radius ratio, the two dimensional 
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,, 

rorm or the d1ssipation integral has been used without 

1ncurring any significant error. The rema1n1ng boundary 

layer parameters are based on axisymmetric defin1tions. 

A2~-3 Presentation of Results 

The calculations arc summariscd,in Tables A2~-l to 

A2~-3, the values or energy thickness obta1ned rrom the right 

hand side or the energy equat;wn are compared with the values 

obtained rrom the mean velocity prorile data in Figs, A2~-l to 

A2~-3. 
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o • EXPERIMENTAL VALUES OF ENERGY 
THICKNESS .s•• 
ENERGY THICKNESS CALCULATED FROM 

SUM OF TERMS ON R.H.S. OF ENERGY 
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EXPERIMENTAL VALUES OF ENERGY 
THICKNESS J"" 
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SUM OF TERMS ON R.H S. OF ENERGY 
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TERMS IN ENERGY INTEGRAL EQUATIONS 

TABLE A 24-1 

L/l:IR,=5.0 DIFFUSER OUTER WALL 

)( ins 0.30 0.75 1.35- 1.95 2.55 3.15 3.75 4.28 4.BS 

-(dPT) _l_ 2. 1--
___ d_)' "'~ p~ __ O.OOB4 0.0()88 0.0093 0.0096 0.010 O.Oo03 0.0104 0.0102. C:~0098 

R0 - Rm = .So InS 

6 •• 
0 

_ 3.S .. du 
u dx 

X 1ns 

_ (dPT) _1. 
dx m pU 2 

R...,- R, = 6, ··ns 

~~* lOS 

<5 -,r I I 

= _l_ 2 ( D-J')( dPT) 
(>U dx m 

1 du ---U <lX 

6~' 
_ 3.S""du 

U dX 

Co; 
d8 .. 
dx 

0.53 o.bo 0.62 O.b7 o. 7 (:, 0.83 0.90 o.95 1.18 

0 Ob4 0.090 0.120 0.157 0.209 o. 2{:,2 0.329 0.404 0-487 

0.510 o.Soo 0.513 o.SSI o.SbS o.571 0.54-{:, 0.693 

o.oo45 o oo4-7 o. oo5o o.ooss o.oo59 o.oo59 o.oo56 o.oohB 
--- - - -~ 

0.1 b17 o.l344 o.o972 o.o7o9 o.os4 o o4-S"4 o.03S2 o.o331 o.o3o9 

0.081 0.096 0.118 0.134 0.157 0.171 o.l87 0.195 o.2o4 
-

0.0393 0.0387 0 0344 0.02.85 0.0255 0.0232 0.02.14 0.0194 0.019 

o.oo2.~ o.oo38 o.oo39 o.oo45 o.oon o.oos o.oos5 o.oob2. o.oo7o 
- -

o o3S3 o.038 o.033b 0.028 0.02.47 o.0223 o.o21o o 0200 o Ol'l2 

INNER WALL 

0.30 0.75 1.35 I. 95 z.ss 3.15 3.75 4.28 4.85 

0.0084 o.ooas 00093 0.0096 0.010 0.0103 0.0104 0.0102 0.0098 
~-

0.52 0.53 o.b4 0.1:,7 0.69 0.73 0.7{:, 0.81 0.67 
- ~---

~~ - - -~ 

0.057 0.015 0 094 0.118 o.l3b 0.155 o.I6S 0.175 0 194-
- -- ~--- ~-- --~ ~- ------ ~ - -

0 4b3 0.455 0.546 0.552 0 554 0.575 o. 592. o.(,35 o.47b 
- - ~ ~ ~~ - -~ 

0.0039 0.004- 0.0051 0.0054 o.ooss 00059 o.oo"z O,OObS 0.0047 
~ ~ ---- -- ~ - -~ - ---

0.1617 0 1344 0 0972 0 0709 0.054 0.0454 0.0382. 0 0331 0.0309 
~ - ~ - ~ -- ~ 

o.o78 0-094 0.113 0.135 0.146 O.lb1 0.170 0.17{:, 0.189 
- ---

0.0317 0.0379 00330 0.02.86 0.02.36 0-0219 0.0195 0.0175 0.0175 
- ~- -

0.0025 0.0033 0.0041 0.0038 D 0041 o.oo4-l 0.0043 0 0044- 0.0044 

0.03(,3 0.03b2 0 0320 o.ono 0-0222 0 C201 0.017b 0.0154 0.0172 
~~ 
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TABLE A24-2 

L/liR,=7.5 DIFFUSER OUTER WALL 

X ins \.25 2.2 3.15 4.10 5.05 t..O 7-35 

(oPT) 2 
- dx m PU 2 0.0058 o.oobb o.oo75 0.0082 0.009 0.0097 0.0103 

- - .. -

R -R ' o m .so InS 0.580 o.G33 0.(,90 0.755 0.820 o.sso 0.960 

d; ins 0.089 0.121 0.150 0.191 0.224 0.279 0.358 

tJo- c): 0.491 o.s12. 0.540 0.5(:,4 o.S9t. O. (,OI o. 602 

-~,(o-b")( dP.) 
pu dx m 0.0029 0.0034 0.0041 0.0047 0.0054 0.0057 O.OObl 
_ _!_ du 

U dx 0.0759 0.0628 0.0547 0.0481 0.0421 0.0387 0.0316 

a'" 0 0.102 0.12(;, 0.143 0.164 0.181 0.205 0.232 

3o"'du 
- U dX 0.0232 0.02"?>1 0.0235 0.0231 0.0232 0.0238 0.0207 

-

Co0 0.0020 0.0021, 0.0034 o.oo36 0.0041 0.004& o.OOhl 
- do .. 

dx 00223 0.0229 0.0228 0.0226 0.0219 0.0227 0.0207 

INNER WALL 

Xtns 1.25 2.2 3.15 4.10 5.05 b.O /.35 

( dPT) 2. 
- dx m pu~ 0.0058 o.oobt. 0.0015 0.0082 0009 o.oo97 Q.Ot03 

R -R =~ ins 
m ' ' o.5bh o. c>Z.4 o.h77 0.723 o.7b9 0.8'20 o.89b 

~:·InS o.oe3 0.107 0.135 0.1(,3 o.l85 o. 218 0. 241 

(;- (/'. 
I ' 0.483 0.517 0 542 o St.O 0.584 o.(,o2 0.655 

-

_ 2 (o-o')(dPT) 
pu>- dx m 0.0028 0.0034 0.0041 0.0047 0.0052 0.0057 o.oob8 

I dU - u ctx 0.0759 0.0628 0.0547 0.0481 0.0421 0-0381 0.03\b 
---

2; •• 
I 0.103 0-124 o.\4b 0.167 0.184 o. 211 0.230 

3~ .. du 
- u dx 0.0234 o.o233 0.024 0.0242 0.0235 00245 0-0218 

Co, 0.0018 0.0029 0.0031 o.003b 0.0041 0.0042 0.0043 
dC\'" 
dx 0.0224 0.0228 0.0230 0.0231 0.022.4 0.0230 0 0193 

-
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TABLE A 24-3 

L/6R,=IOO DIFFUSER OUTER WALL 

X InS 1-0 2 25 3.25 4.25 5 45 7.2.5 9 BS 

-(dPT) l _, 
o OOS\ 0 00134 0 0087 00092 0 0096 dx m (->U 0.0091 00100 

R-R =clms o m o 0.528 0.600 0. 664- 0.720 0.782 o.83S o. 982. 
• 

60 105 0.0(,7 0.099 0.114 0.133 0.173 0.218 0.32.7 

i:J-i:J* 
0 0 o.461 o. 501 0.550 0.587 o.bo9 ob\7 o.(,55 

-z.. .( 6-6 ')( dP.) 
pu dx 111 0 0038 o. 0043 0 0049 0 0054 0.005(, 0 OO(,O 0 OO(,(, 

- ..!_ dU 
U dX 0 054 0 0489 0 04(,9 0 042. 0 040(, 0 0338 0.02.87 

~ .. 
0 0.08(, 0.113 0.123 o.l3b 0. I 69 0.\99 o. 24 (, 

36 .. du 
O.CI39 - U dX 0 0165 0.0113 0 0171 0.0206 0 0202 0.0212 

Co 0 0 0014 0 0017 0 0018 0.0027 0 0031 0 0044 0 0060 
d6H 
dx 0 0115 0 0139 0 0142 00144 0.0181 0.0186 0 020(, 

INNER WALL 

X 1ns 10 2 25 3.25 4 25 5.45 7 25 9 85 

-(dPT) _2 2 
dx m pU 0 0081 0 0084 0.0087 0.0091 o.oon. 0 00% 0 0100 

Rcn- R,: d, ins 0.560 o.6oo o.b20 o.bso O.b95 o.Boo 0.880 

d ~ InS 0.073 o.on 0.109 o. 132. 0.158 0.18(, 0.249 

cS -d. 
' ' 0.487 0.508 0.511 0.518 0 537 0 bl4 0 631 

-~ (cS-.S~)(dP,) 
pUl. dx m 0.0040 0.0043 0.0045 00048 0.0049 0.0060 0.0063 

1 du 
- u a-x 0054 0.0489 00469 o.o42 0.0406 0 0338 0.02.87 

d;~ 0.099 0.112. 0.128 0.148 o.lb9 0.190 0.241 

_3~··cll! 
u dx 0.0161 0.0164 0.0180 0.0187 0.020(, 00192 0.0208 

Co, 0 0014 0.0019 0.002.3 0.0028 0 0028 0 0045 o.oo46 
db"' 
dx 0.0135 0.0140 0.0158 o.olb7 0.0185 0 0177 0 0191 



Appendix 25 

Basic Equat~ons for Rotationally Symmetr~c Flow 



APPE!\DIX 25 

NOMENTilll INTEGRAL EQUATION FOR ROTATIONALLY SYNHETRICAL FLOW 

The Navier-Stokes equations for steady (non-turbulent) flow, 

ffiiirl free, expressed 1n cylindrical co-ordinates are g1ven by 

S hl . t. (8l.t) c 1ch 1ng as: 

u ~ + v OU - - I oP 
;:, x TR - f ox + )I [ 0

2
U + 

() R> 
ou 

R i)R 

u ov + 
ox 

vov 
oR 

= -1 oP + 
foR 

and the continuity eqn • 

.£ ( RU) + l (RV) = 0. 
ox oR 

+ I oV 
R oR 

- A25-l 

- A25-2 

- A25-3 

The order of magnitude of the terms 1n equations A25-l/2/3 is 

estimated with the object of neglecting those which are numerically 

very small. 

Thus we asstune V <.< u , ()v << 
ilx 

ou 
ox ' 

and we neglect ?Fu ' c2v &. V~ 
ax 2 ax 2 ' R: 

Thus the simplified equations of motion become 

u ou + V OU = - I (lp + :V [ d
2

U + ~ ()u J ox oR f ox a R2 R oR 

o. = I -
oP i.e. p = P( R) = const. 

? oR 

£ ( Ru) + 0( RV) = 0. 
ox oR 

Since T = jAOU 
oR 

y[o2
u + .!_OU] = 

oR 2 R aR 

Eqn. 25-4 becomes: 

and (JT 
dR 

= f1 a2
u 

o R2. 
we may write 

I [ oT 
+ ; ] = o ( R'T) 

- -
f oR pR aR 

U (\u + V OU 
oX oR 

= -I (lp + 
f ox 

- AZ5-'• 

A 25-5 

A25-6 

-A25-7 



Expanding l_(Ru 2
) + J. (Ruv) we obtain; 

ax oR 

2 UR dU 
ox 

+ UY + RV (lu + R U (ly = } ( R u2
) + £ ( Ruv) A25-8 

il R oR oX il R 

From Eqn. A25-3 l(Ru) + _9. ( Rv) = U oR + R OU ... v + R ov = 0. 
ox oR ox ox oR 

u
2 21R + RU dU + UV + 

ilx ox 
R u oV = 0 

oR 
A25-10 

Using Eqn.A25-10 to cancel terms in Eqn. A25-8 we obtain 

l ( R u2
) 

ox 
+ l ( Ruv) 

oR 
R U OU + RV ou = R [ U OU + V dU J 

ox ilR ox JR 

Thus Eqn. A25-7 can be wr1tten as: 

- R oP + .'._ ~(R'r) 
p ox p oR 

A25-ll 

Writing 

_l(RUu) + E_(RUv) = aR(Uu) +RuoU + RUau + RU~v + 
ilx ilx ox oR ilx oR 

Substituting Eqn.A25-10 and noting oU = o. 
oR 

l(RUu)+E_(RUv) = RudU 
ox oR ax 

Subtracting Eqns. A25-ll and A25-12 

Uv + RV au 
oR 

R U d U + R ilP 
ox f' ox 

A25-12 

We obtain ..L 0 P by writing Bernoulll' s Eqn. i't the point of maximwn 
fox 

velocity 

A25-9 

udu - A25-14 
dx 

If no swirl is present 
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The term .!.(,)P,.) is zero if a poteptial core ex~sts,, hO\vever~ if 
f oX m 

the flow is fully dev!'loped J.. ( CIP,.) # 0 and this term is included 
P oX m 

in the equations. Substituting in Eqn. A25-13 we obtain 

0
: [ R U ( U - U) J + 0~ [ R V ( U - u) J ~ R d U ( u- U) + _13_ ( dP,-) 

dx (' dx m 

Cons~der the application of Eqn. A25-15 to the 

flow in an annular diffuser as illustrated belmr. 
I 

--rt 
Jll'R 

--- 4.. 

/ 

The boundary conditions are: 

R Ro U= o. ' V = 0 

R = Rm u u ou = 0 ' oR 
R ~ Rj 

' 
u ~ 0 

' V= o. 

J_~(wr) 
p oR 
-A25-15 

Consid0r,the inner wall boundary layer, assuming that t~e flow is 

fully develope!l• Integrating Eqn. A25-15 w.r.t. R from Ri to. Rm 
we obtain: 

R=Rm Rm 

_4 rRm 
dx J 

u(U-u)RdR +[Rv(U-u)] : 

R= R; 

Rm 

dU J ( U- U) R dR 
dx + ~ l~:· L JRdR 

Ri R, R, 

R=Rm 
-1 L R 'T J -A25-16 

(' R= R, 

Defining 

Rm 

J ( 1 - ~) ~ dR 
U R, 

R, 

Rm 

e, = J ( 
R, 

and introducing.the boundary conditions, then 



59(, 

R1 Udu8* 
-I 

R1 Tw; 

d1 fferentiating 

2 u e~ dR, 
dx 

+ R1 0;2.Udu 
dx 

dx 

"' +R 1 UdUD·= -I 
dx 

d1viding through by RiU
2 

and def1ning Hi : 8~/ 6; 

ds, 
d){ 

+ e, dR, 
R1 dX 

f 

' 
then 

Equation A25-17 is the momentum integral equation for the inner 
' 

+ 

wall boundary layer, it dif,fers from the two-d1mensional equat1on 

viz. in the following respects: 

(i) The influence of transverse curvature as g1ven by the term 

8, dR, and the redefining of the boundary layer parameters 
RI dX 

R1 'Tw · -' 
f' 

- A25-17 

(ii) The inclusion of the term ( Rm
2
- R1

2
) 1 (<i£>:r) to take 

R1 2pU 2 dx m 
account of the total pressure loss at the point of maximum 

velocity when the boundary layers merge. 

Adopting a similar technique to the outer wall boundary 

layer yields, 

where :!.)~dR, 
U R 

0 

ENERGY INTEGRAL EQUATION 

Expanding + we obtain 

A25-18 

+ Ru 2 llV +RV 2uClu + u2 v = 
oR oR 

~ ( Ru3
) +.E._( Ru2 v) 

ox oR 
A25-19 
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From Eqn, A25-9 u ()_g + R ou + V+ R ?Jv 0. 
I ox ox oR. 

u3 oR + R u 2 ()u + u2v + R u2 ov = 0. A25-20 ox ox oR 
Substituting in Eqn, A25-19 

; 2Ru(uou tvou) 
ax oR 

Us1ng this result in conjunction \dth Eqn. A25-7 we obtain 

Subshtuting for ClP 
ox 

l_ ( R u3
) + ..£ ( R u2 v) = 

ox il R 

-2Ru llP + 
? ox 

2.u 

? 

from Eqn, \ A25-14 
• 

o ( R 'T) 
oR 

2. R u u dU - 2. R u (d PT) 
dx f dx m 

- A25-21 

t 2 u 
f 

A25-22 

Expanding RU2 ou +RuZUdU +U 2 uoR+ 
ox dx ox 

U2v + Rv2UoU + RU2 ov 
- A25-23 

From Eqn, A25-9 

U
2

u OR + RU 2 <lu + U2
V + R u2 ov = 

ox ox oR 
Subst. in Eqn •. A25-23, and noting that oU = 0. 

oR 
Then _£ ( R U

2
u) + ~ ( R U2 v) = 2 R U U OU 

ox OR ox 
Subtracting Eqn, A25-22 fro~ Eqn •. A25-24 gives 

' -

oR oR 

o. 

- A25-24 

E_[Ru(U
2
-u

2
)] +l._[Rv(U2-u~J = 2R~(oPT) 

ox OR f 0 X m 
2 u 

f' 
- A25-25 

Consider again the 1nner wall boundary layer, Integrating 

Eqn, A25-15 we obta1n: 
Rm R•Rm Rm 

_£ J u ( U 
2

- u
2)R d R + 

dx R 
[ Rv( U

2-u2
)] = ~I u d(R'f)dR 

p dR 
I 

Rm 

def1ning ~·· J 2 O; = .!!(1-(.':'..))B.dR 
R U U R1 

I 

we obtain 

ddx [ n R1 U
3 o~'J = 

Rm 

where Q 
1 

= J 2. TI R u 

Ri 

01 (dPT) _ 
f dx tn 

dR 

R·R 1 
RI 

and introducing boundary conditions 

- A25-26 

- 5-1~-6 
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The corresponding tw·o-dimensional form of the energy equation is: 

J 

~f T du dy 
f 0 dy 

- A25-27 

Expanding Eqn. A25-27 and, noting that Q = U ( 0-0 ") g1ves 

3d ... U _o, + 
dx 

or do,'"'= 
dx 

2_ (8- 87)( dPT) 
pU2 dx m 

A25-28 

0 u 

2 J 'I d ( u) dy = 
f'U

2 d 
The term ( 0 , the disspation coefficient, 

0 y 

Expandi~g Eqn. A25-26 in a similar manner g1ves 

( ! I._ 'I.) :t.t "'* 
d Rj pU dR -3d, dU - d1 dR, 

and for the outer l<all boundary layer 

TURBULENT FORN OF NOMENTUH INTEGRAL EQUATION 

dR U dx R, dx 
- A25-29 

- A25-30 

The turbulent form of the Navier-Stokes equations after 

suitable averaging w1th respect to time is g1ven by Goldstein(BS) 

and 
(86) 

Chaturvedi 

u d\.1 
dX 

and neglecting viscous terms in the 1 R1 direction 

U dV + 
ox 

- ~( u'v')- _q_ ( u' 2
)- u'v' 

aR ax R 
- A25-31 

- A25-32 

using similar arguments to those outlined in the previous section 

A 25-33 
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also the term 2_ ( u'v') is at least one order magnitude smaller 
ox 

than the term ' ( -,2) . __ a V and w~ll consequently be suppressed. Eqn. 
."lR 

A25-33 can then be integrated to give 
-2. 
v' == - p + 

f 
Rearrang~ng Eqn. A25-31 

const. 

T~e total shear stress is given by 

U dU +V au ~ 
-1 ()P -l (u'2

) 
ox oR (' ox ox 

u ou + v llu = -.!._dP - ~ ( u'2) 
ox aR fox ox 

- A25-3'* 

+ _!_ [ 'T + oT J 
f R oR 

+ I d ( RT) - A25-35 

('R ~ 

The constant of integration in Eqno A25-3'* is determined by the 

conditions at the edge of the ,layer (R = Rml thus 

-~ 

V' Pm = - + const. m 
(' 

and I aP I (JP d ( -,2 -·2) 
= -_m + _ Vm -V 

(' ox f (lx ax 
Writing the Bernoulli Equation at Rm 

P.,. m = Pm + ~ f U 
2 

.!...( (JPT) = .!._ oPm + U au 
(' ox m p ()x ax 

Substituting in Eqn. A25-36 we obtain 

1 dP = 
pox ..!.(aPT\ - u au 

f ox J m ox 
' ( -,2 -,2) + a v -v 

- m ox . 

Eqno ,A25-ll for turbulent flow becomes 

Subtracting Eqns. A25-12 and A25-38 we obtain 

- A25-36 

A25-37 

- A25-38 



bOO 

_£ [Ru (U-u)] + .£. [Rv(U-u)] = RU dU + !3_ ()p -_!_.£._(R7)+ R~(u'2) 
ox aR ox f ox p oR ox 

Substituting for from Eqn. A25-37 

Q.[Ru(U-u)] +E.. [R.v( U-u)] =RdU(u-U)+3_fiJP,) - _1_Q_(RT) + 
ox oR OX {J\ox m p oR 

R ~ ( u' 2 
+ v;, -7 2

) - A25-39 
ax 

Eqn. A25-39 is the turbulent version of Eqn. A25-15 

Applying Eqn •. A25-39 to the inner wall boundary layer and 

proceeding as before yields 

de, + e, dR, 
dx R, dx 

+ e, dU( H,+2) 
U dx 

- A25-40 

In view of possible errors in the turbulence measurements and the 

large radius ratio (Ri), we may write, without incurr1ng any 
Ro 

significant error; 

!(-. -·· -·>) fc _. _ 2 _ >) ...L .Q u' + v "' - v E. dR = _!_ .Q u' + v;, - v' dR 
U2 dx R, U2 dx 
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Computer Programme 

Power Law Prediction Method 



bOI 

c PRii.RAIII~E BASED 01,1 POWER LAW VELOCITY PROFILE EllUAT!OIJ 

COt111FrH•*PREDICTI1'1 Or nOIHIDARV LAYER PROrtLES !14 AIJ ANNULAR O!FFIISER 
CXXXXXrttls PRilliRA 1 ~TARTS W!Ttl Kf!OLJN INLET CO~JI'l!T!ON~ AND CALCULATES THF 
C VARIA1!1lll 0~ THF SIIAPF. PARMIFTER ON !NNFR AND OIJTER IJALLS IN A 
C <;TEp llV STFP CHCllLIIT!Oil ALIHJ<i THF! i.FNGTH OF THE DlrFIJSER 
CXXXXXIJARtJII<GXXXXIT I<; ASSIII!FD THAT J:IJLLV l'lFVFLOPrD HOW I~ PRFSEIJT AT 
C DIFFUSER !IILrT !.E. ~0 POT~:Jr!AL CONE FXl~T<; 
CXXXXX!NNt:R AIIO fliiTFR tAYI"RS ARE ~NALVHO ~FPAilATF.LV ON THF ASSIJI~P!ON 
C T tl AT Wl t1 r T 11 AS~ T R MJ SF F. R TA K F.~ P LAC F • THe Ill NE R A>,: 0 0 U TE R LA V FRS 
C ARE ~1 AT C 11 r 0 AT T t1 E P n S IT l 0 N 0 F 11 A X I lllJII V F. L n C IT V c; I N C E THE M A X • 
C VELOCITY OJ FACH LAYER lllJST llF. THF SAf-'F 

ll I MEW> I •HI X c 1 n 0 l , V ( 1 0 0 l , A ( 1 0 , 1 0) , \1 (r)) , BP C 110 l , Dr. nE L ( 1\0) 
D I 11 f n 5 !IHI 0 n T l!ll ( Sll ) , D ! S" 0 ( ~ () ) , 01 r; ll;. n ( ~ 0 ) , n PT D X ( ~ 0 l , 0 F. l T H I ( 50 ) 
D !11 [ N S In 14 D I ~Ill ( 50) , ~ H H 0 ( 511 l , C F 0 (%) , G RA 0 P 0 (50) , GEM! P 0 (50 l 
DJMFNS!ON <;H~TI(~O),~F!(50),c;RADPI(S0) 
olf1ENS!tHI AQA(~"), LOS(50l ,CPA(SO\ ,R(IA(50) 
fl!IIOIS!illl AI PdACSO) ,nPTil,q~il) 
0 !11 E fJ S T I lfl Y A r C ~ 11 ) , 11 11 A ( 5 I) \ , T 11 FT 0 ( 5 0 ) , H I A C 50 ) , T H FT I ( 5 il ) , U 11 M A ( 5 0 ) 
o If1 c N s 1 1 1 N ~ c 1 11 , 1 o > , " < 9 > , n p T D x c c 2 o > , 11 A x 1 o c c 2 o > 
REAL LO<;ol n~r.nF 

CXXXXX!NPUT DATA 

C HAXIOC ;: OPTDXC ARF: THE VALIJFS OF OUTER WALL SHAPE PARAHFTER MID 
C TOTAl. PRF.<i~'JP~ r.RAiliFIIT AT THF PO!IlT OF HAX!MlJM VELOCITY liSFO !•J 
C THE COQHUATTON OF TilE OPFR!IIFNnL OATA 
C R01~0IJTrR IIHL RADIUS AT t:ILFT(PJ<;) 
C Ill 1 - I N 'I r- R \ 1 H I RA D I U ~ AT l'i L FT ( I 'IS ) 
C Rf11-RADIII<; lF POPJT OF 11AX!IIUII VFI.OC!TV AT !NLET<FT/~EC) 
C H01-A ~IJIICT!O>! OF hr- EXPO~JF.~JT OF OUTER WALl. VFLnCJTV I'RnFILE EON. 
C H!1-A F:INCTI'l'l OF TIIF FXPO"rNT OF lt:t.IER I.IALL VFLOC!TV PROF!LF EllN, 
C nRDXO-TAHGP~T OF OUTFR WALL ANGLE 
C nRDXI-TAfl<;E~T n~ I'ltd'R lULL A:~GLF. 
C HllO~IIlLFT l'lFtlqry (L11/ClJR!C FEF.Tl 
C OX-sT~P LrH~TH(!HS) 
C OH-sTrP CHA~I.F IN 51lAPE PARAtlETER RroUIRFO FOR ITERATION PROCEDURF 
C ORII-STFr> Ill "ADIIJS ur. POIIIT OF IIAX!IIUM VELOCITY REflii!RED FOR 
C !TEilATION PAflCrlliJRE 
C OUII-AI.LOWAniF ll!FFEIIF.NCE AFTWEEN IJMAX CALCULATED J:OR INNER AND 
C OUTER 1..1VFR~ AT AtiV qAT!Ofl 
C 011-ALLO:tAIILF Dl FFERcNCF. nEHIFEII L. H. S, ~ R. H, S. OF 11011EIJTUM F.QN. 
C PS1-!NLFT ~TATIC PR~SSI)Rf(LB/SOIN) 
C ~NU-K!Nri\AT!C: VI~CO',JTV(~IlFT/SEC\ 
C llf101-114X!I111 1 IIHOC!TV flF OIITrR LAYER AT !IJLFT(H/SF.r.) 
C 1 J11l 1 -ll A X 1 "11 '1 V r.t. 0 C l T v 0 F I 'lt J r R LA V F •< AT I N L FT ( F Q 11 A l T 0 l1 M 0 1l FT I S F r. 
c LJALANO-IliiTtQ 'JALL A:.r.LF(OEGRFFS) 
C \IALANI-111'1~11 •JALL 1\:!liLF(Ofi";RPF~) 
C XLli1!T-TfiP ~Axt:IIJII ro!STAIJCF ALONG TIIF LFNGTH 0, THE lliHUSER TO 
C I~HICH TIIF CHCII! ATIIJtJS PRflrLFO 
C O!F!Hll"nHFII~FR IIOfi-DJIHN<;!OtJAL LEN<.TH 
C XACT!Il-<,TAT!Cl'J H 'J•i!CH CALCliLATTOfl•; COI,II'ENCE 
C CPIIIT•!IItTIH VAtLIE OF CP, IJSIJALI.V /FRO IJNL!!SS CALCULAT!nNS START 

W • I I 



boz 

C llMLOSI•rtJIT!Al TOTAL PRESSIJHF LOSS AT POINT OF t!AXltllll-l VFLOCITV 
C IZERO IJill.fS~ CALClJL:.T!OtlS START 0011ilqRFM1 OF ~!FFUSF.R INLET) 
C 0 PT 1111- !IH T I A 1 (, 1a [J I OJT 0 F T 0 TAL PR F.-;~ lJ Q E AT P 0 !tl T 0 F 11 A X HI Uf1 
C VEL 0 C:l TV I llt, SF n 0 ll '' lJ Te R \I A L I LA V F R l 
C nPTI!l·!~lTIAI. (;tiAOlENT OF TOTAL PRESSURF AT PO!HT OF 11AX!MUM 
C VELOCITY IRA~Fn Oil INNER WALL LAVFRl 
C CD10-INTTIAL VALUE IJF O!~SIPATION CIIFFF!CIFNT (O!JTEM WAll lAVFR) 
C rD1J-INITIAI. 1/AlfiE OF DI~SIPATION COEFFICIENV (INNER WALL LAVER) 
C G1 r G5, G1>, 1)'7-CilllTROL CARDS 

C*****ITERAT!ON LTH!TS 

C nuH~O.O~ FT/~FC (APPROX. 0.05~) 
C OM=0.001 

rtEAD<1,'1<l1) IHAX!OC(!) r 1=1 r12) 
993 FORt!AT(12F0.0) 

READI1,0'11) (OPTDXCII)r1=1r12) 
701 READI1,?0)R,J1,PI1,Rfi1 

20 FORI!ArCHII.Ol 
R ~A D (1 , ? 1 ) ll ,) 1 , H I 1 , D 11 D X 0 , n R l'l X I , R H 0 

21 FOR!!Ai(~Ftl.'ll 
READ I 1, ?2) Dt, llll, ORil 

22 FORtiATI1FO.Ol 
READ C1, ;>1) 01111, n•1 

23 FORtrATI2FO.fl) 
RFAD11,24)P~1 ,FIJU,UII01 ,UM!1 

24 FOR11AT14F•1.1Jl 
RE AD I 1 , 2 ~ l •J Al. AN u, WA LA NI , X L I I! !T r D I F 11 fll 

25 FORI!AT ( 4Ftl ,<ll 
~~AD ( 1 , ~ 0?) X ACT I N , C P l N T , R 11 l 0 S l , D PT 110, D P Tl-1! , CD 1 n, C 01 I 

502 FORI!AT("/Fll.Ol 
PEAD<1,1,0J)r,1,r,S,G6,G7 

400 F0Rt1AT14F•J.O) 

C CURVE nr F·1R CORRt:LATION OF FXPFRIIIFNTAL VALUp<; OF TOTAL PRESSllllF 
C GRAOIOlr AT T\lF POiiiT OF IIAXIIIIJ!1 VElOCITY 

N=ll 
~1)9Q4!=1,12 

N=N+1 
V <ll =fiPTil.<r, (I) 

994 X(ll•HAX!OCC!l 
CALL CURVr~IT(N,X,Y,F,.E,V) 

CXXXXXCALClJLATl'lll <1F Pll~T BOIJNilARV LAVFR PARAMETERS ASSUil!IIG POW~R LAW , 
c ~rELoCITv DP.1rltrS 

CXXXXXWAR!iii•GXXXX~01 ~ Hl1 ARE R[LATED TO THF FXPONE~T OF THE VFLilCITV 
C PROrJLF F<IIIHTIH< Vll. 0.~(!101"1,), lHFV ARE NOT TO 1\F Cil~FU~EO 
C WiTH TH;, nOIJIJf)HV Ll•VE11 <;HAPF PARAIIrTFR~ CALCUt ATEO ~ROll THI' 
C AXI SVIflll T1llr. ~FHIJlTIOfiS OF llOUNOARV LAYER THICKNES<; • 

.____ ____ --------
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C OlJT[R Will! rtOIHJOARV l AVER 

C CALCULAriO'I 0~ OUTER ~IALL 1101-IEtlTlJII THICKNESS (THF.T01~INS) 
HP1 =IHI)1+1.) 17. 
HP 2 = ( IU) 1 ,. 3 • l I 2 . 
HP2:HP1wHP~ 
HP3:Ht11*(H01+1. l 
B1"1./HP? 
HP 4 = < < () • * H 11 l ~ 1 . 0) /2 • l 
HP5:HP4,.( ( ("L •Hll1 )+1. Ol/2,) 
o2=1 /Hr>1 
R2=n1-e;> 
B3" ( R01-R'11) I Rr)1 
R3=o2•n1 
R 4" (1 . /11 P 1 ) • 11 • /H 01 ) 
ll4"(Rf!1•R4l/R01 
THET01=<R4+il~l•<R01·RII1) 

C CA L C lJ LA Tl n N 0 F <JIJ T E 11 IH l L D I ~PLACE 11 F N T THICK NE~ S ( 0 l ~ T 0 1• IN~) 

A 1 = R 111 /11 P 1 
A2"(R01-Ril1) /HP? 
113=1\1+11?. 
A3"1131QCl1 
A4"(R01<-RII1li(?.•R01) 
A4=A4·A-~ 

~LST01 =114• ( ~01•RI11) 

C CALClJLATIOH OF OUTER WALL ENFRGY TH!CK~rss (EIJTH01•INS) 

A1"(R01-RI\1 )*RII1 
112"'(Rfi1-P.<I1 1••2. 
111 =A1/fl,>l, 
117"112/HP~ 
A3"(A2+A1 )/Q01 
A 4"' ( ( R 01 * R 01 l • ( "111 * R ll 1 ) ) I ( 2 • * R 01 ) 
ENTH01=A4-ntST01·A3 

C IIRAT01•ili\Tl1 <H I~EAfl TO t~Al!ltnl'l VElilr.ITV PJ OUTER LAVf:R 
C HBAR01•01IITE Q :JAI.l 1. L. SHAPE PA RM1E T F R AA SF D ON AX BYIIMETR I C 
C 0 E F I N I T I 0 IJ ~ n ~ llfllJ 'ill A RV lA V EH T H IC K f' ~ ~ S 
C U I~ N 01 - ff r A!J V r- L 0 C IT V T IJ tJ IJ T l' R lA V F. R ( FT I H C) 
C RENn1·RrVP<0Lil~ 110. HASF.D Of! 1~011ENTIIJ: TltirKIJf:SS OF OIJTER LhVFR 
C TAU01=o·ITFR IIALL SKill FR!CT!rlN CoF.Fr!ClFIJT/2, nHf.D ON LUD~JIEG ANO 
C TILLMAN ~nN. 

C 1 = (?. * R 01 *f) I q 01 ) I ( ( R 01 ** 2. ) • (RI 11 * *?. • ) ) 
IIRATOI =1. ·C1 
H£lAR01 =ili.~T 11 /TilrTrl1 
IH~Il[)1 o:iJ~I\T01•11Mtl1 

RE fl 01 = ( I H10 1 • Tfl r.r 01 ) I (F. N lJ • 1 ? . ) 
TI\Uo1=(0 1?ll/CC1n.••(0.671•H01)l•(NFN01••0.26A)) 

C CALCIILATIOff 0~ !NNE~ WALL IHl11EfJTUff THICKNESS (THFTI1•JNS) 

HR1=CHI1+1 .>I?. 
HR2=liiT1<-,.l/? 
HR2=HR1-.BR? 
HR3=11l1w(>ll1+1. l 



HR5::HR4•<<<• •HT1)+1.0)/2.) 
01"1./HR?. 
fl2"1 /HH3 
r.z=n1-n? 
D3"(AM1-RI1l/q!1 
ll3"D7*1l'~ 
D4"(1./IIR1)·(1.1H!1) 
D4"(RH1w04)/RI1 
THE Tl1 = ( t\4• o 3 l * ( R 111 • R I1 ) 

C rALCULAT!ON 11F niNEil WALL tl!SPLACEfiFNT THICKNEc;S (DLSTI1•INS) 

E1 "RII'i IIIR1 
F. 2" ( R 11 1 - R I 1 l I >I R ;> 
F3=E1-r;> 
F3"f'3/RT1 
F4"(Rrl1~R!1l/<?.•Rl1) 
E4"E4-n 
D L S T I 1 " rf, * ( Q 111 • R I 1 ) 

C CALCliLATtnN 11F INIIER WALL F.IFRGY THICKNFSS (FNTHI1·I~S) 

E 1 " ( IH11 - R 11 ) • R !1 1 
EZ"<Rfi1-RI1l .. i'. 
E1 "E1/IIR4 
F2"F71Hn<; 
F3"(f:1•E7l/RI1 
E 4" < ( R '-11 • ll 11 1 \ - ( ~ 11 * >l I 1 ) ) I ( 7 • * R 11 ) 
ENTHI1:ot_4-DI ~TI1-E3 

C lJ >lA Tl 1 - •l A Tl '1 n F 11 EA rJ T 0 I' A X I tAll 1\ V El 0 C I TV PI PIN F R LA V ER 
C H BArd 1 • HI tl F. R WA L l B • I • S HA P 1: PAR A fl f' T ~ R BA SF ll 0 >.1 A X I S V 'I MET RI C 
C DEFINIT\Otl'\ OF nnlJ4DARV LAVeR TH!r~~F'\~ 
C UHNI1·'-1FAH V[LnCtTY IN !NHFA LAVFll(rTI'\fC) 
C PEIIJ1-Rf'VtJ0LI\<; tJO, BASED Ofl HOIIENT\111 THICKNFSS 0~ I'!NF.R lAVFR 
C TAlJI1-trJNFR liALL SI:HI FPICTION CMFFICIFNT/2. (L.&T.F.i'JN,l 
C PT-TO'fAL PRF~~IIHF AT P0S1TillN OF IIAX!IIIl11 VFLOC!TV (,;SSUti!NG 
C CONSTAIIT <;TAT!C PRE~~UPE AtKOSS THE ANNIILlJS) 
C PCf-<;rfiTIC PRF~'i!JRE RISE COEFFICIFNT (SFT AT ZFRO 4T HJLET) 

llRATI1:1.·0 •Rt1•DL<;Tl1)/((Rf11H2,)•(RT1**2.)l 
HBAR11~nL'iT!11T~FTl1 
lli·INt1=UHATI1•11tll1 
R E N 11 :: ( 11 r I ! 1 * T 1! r T! 1 ) I ( EIHJ •1 2 • ) 
T A lJ I 1 = ( 11 . 1 ?. 3 l I ( ( 1 0 • *"' ( 0 • 1\ 7 il• H I 1 ) l * ( R F N I 1 ** 0 • 2 6 11 l ) 
U 11 N X 1 = ( 111111 0 1 •I I ~1111 1 l I ') • 

C CALCIILAT!nfl OF RATIO 0~ r•EAtl TO t1AX!MIH1 VELOCITY (U:I~IAX) 

11 ~H1 A X= 1 0 • 0 • RI) 1 * 0 l S T 01 l I ( ( R 01 * R 01 J • ( R t1 • R I 1 ) l • ( 2. • R !1 * D L S T 11 ) I ( ( 
1R01•R01l•(RJ1•Rt1)) 

C CALCIILATI<HJ 0~ VFL0CTTV PROFILF. FIIERGV COFFFIC!ENT <ALPH> 

ALPII=A1+A2+F1-P2 
ALPH=(? •ALD1ll/((Ril1•R01l·(~t1•Rt1)l 
I Hill A X = 1 • ( ( ~ n 1 • r> I_ S T 0 1 ) • ( R I 1 • n L S T 11 ) ) I ( 0 • 5 • ( ( R 0 1 • R 0 1 ) ,. ( R 11 • R I 1 ) ) ) 
A LP 1l =A l PH I ( oil I> I A X •ll 1111 A X* I! M 11 A X l 
ALPHI}<~I\LPH 
I! RI TF ( 2 , ? 110 l F •1 T H 01 , ENT !I I 1 , ALP H 

700 FORI1ATCH11l.f,l 



R I I f~ T = R 11 
n 0 I tJT "R n 1 
110 I tJ T = ~ fl A R 01 
HI ltJT=IlllAR!1 
THO I tl T= Tit F Tr)1 
THI I NTcTHFT! 1 
UHINT=Il1101 
RHI NT=RI11 
XACT=X.\f:T I fl 

6oS 

CXXXXXrALcULAT!I)fl M llOIJ'IDARV LAVER PARAHFTF.RS AT A ~TATICliJ D!STA>JCE DX 
C rROM INI.FT. 
C X X X X I( IT I ~ 4 •; ~ tlfl ~ n THAT IJ 0 NET 11,\ <; S T RAt IS FER TA I( E S PLACE BET W FE tJ THE 
C f.AV~R$. IIJTTI~f LV IT 1q ALSO ASSIIflED THAT THE RADIIJ~ OF THF 
C POS!TIOI/ r)r llAX. VELOCITY REI-lA!tJS Ut!AI.TFRED. T~I<; A<:;SUMPT!ON WILL 
C LEAD TO A ri!FHrtFtJr.t: IN THt nAX. VELOCITY CALCilf.4TF.Il FOR ItJ'JER MID 
C OUTER LAV~R<; AND IN ORD~R TO SATISFY THE CONDITION THAT Ut102=UH!? 
C THE RA D l I I<:; () F T H F fl 0 S IT I 0 N 0 F 11 A X • V F L 0 C IT V C R 112) I <; ADJUSTED 

C R02-0UTFR WiLL MADIU<; AT X+DX 
C Ill 2- t IJ tJ r R !lA I l ~AD I U <; AT X+ D X 
C H02 A FIHICT!Ihl oF THF EXPO'IOIT OF THF VFLOC!TV PROFILE EQUATION 
C IT IS JIJ!T! HLV <;ET AT THE !IJI.!'T VAlUE 
C HP1·FXP1Hif.IIT IJ~ VEl\lCITV PP.O~ILE FOil 
C Rt12-Rfll>llJ~ IF POSITJI1fJ OF f1AX!f1Utl VrtOC!TV !NIT!ALLV SET AT PHF.T 
C VALUF 
C UU&[ll AI!F lf<;Fn FOR COUNTING THE NO, OF ITEIIATIOtlS 

10 XACT=XACT•dlX 
I F<XACT-XI.I 11Tl402.1l,8 

402 CONTIIliiE 
R02:R01+1lROXn•l'lX 
R!2:RI1+0Rl'lX1•DX 
H02:H01 
R ~12: R 111 

1000 uu=o 
300 EU=O 

CXXXXXCALCIJLAT!011 nF OIITF.R WALl ROIJIJDARV LAVER PARAI~FTFRS AT X+DX 

C THErn2-oiJTF'~ •!ALL llf'HOJTIIII THICKNF.SS 

1 HP1:(H02+1.)1?. 
HP2=(H0l+'l. )1'2. 
HP2:HP1*HP? 
IIP3=HO;> .. (II0?+1.) 
If P I,= ( ( ( 1 • * If 1? l • 1 . 0 ) I 2 • ) 
Hp5:H~4 .. (C(l •~02)+1 0)/2,) 
B1=1.1HP2 
fl2=1 /Hp~ 
!12=r,1-A;> 
n3=(R0?-RII?)IR02 
n3=o3•1l? 
R 4 c (1 • I HP 1) - ( 1 . /110 2) 
R 4 = ( R f• 2 • (11,) I~ t1? 
THE T 0 7" ( B 4 + 11 ')) • ( R 0 2 • R f1 2) 

C OLST02-0IIH~ IIALL OtSPlACEIIErJT THICKNESS 



A1"HI121HP1 
A2c(q(1;>~RII?l/IIP2 

A3"A1+A? 
A3=A3/RO? 
A I,= ( R () 2 + R '1 ;> l I ( 2 • • R 0 ;' ) 
A4=A4-A1 
Dl~T02~A4•(~07•RM2) 

C FNTH02-0UTrQ WALL e:JERAY TNICKNESS 

A 1 = ( R02~Ril? l "!Hl? 
A2=(R0?-RII2l••?. 
A1 =A1/Hp/, 
A2=A21HP~ 
A3"(A2+A1liQO;> 
A 4 = ( I tln? * R 0 ;> l • C rw 2 * 11112) ) I ( ;> • * R 0 2) 
ENTit02=A4~01~TO?·A3 

C 1J RA r 0 2 • RAT I r'l , l ~ ~~EA fJ T 0 11 A X • V E L 0 C I TV I N 0 lJ TE R L A V E R 
C !)THX(\·RA,.F n~ CHANGE 0~ t-<Oil[NTIJil TH!rKIJFSS Ill OIITF.R LAYER 
C Uti02·11AX. VI'! OC!TV IN OUTER LAYER AT X•nX CALC!ILHEI> FROM 
C f,()IITII!Il!TV l'flJ. 
C ~UI1oX•l-RATF OF CltA:ltiF OF 11AXtiHJ!1 VElOCITY IN DIJTFR LAYER 
C UMNo?-'IFI\11 VFI Or.tTV IN OUTFR I.AVF.P 
C TAUo2-l'llfTFR llALL SKIN ~RICT!OIJ C0EFFICIPITI2. CL.& T, EQN) 
C TAUOX-•ti'A'I lliiTFR WALl. ~KIN FRICTION rOFFFICIEIIT 
C HBAR02••liiTI!Q LIALl Ou!JNDMlY LAYER SHAP~ PAR411ETI'R 

r.1 = ( 7. • • R 0? • n I ~ T 0 2) I ( ( R 0 2 ** 2. l • ( lll12 * * 2 • ) ) 
IIRAT02=1.-C1 
DTHXO=(TH~T1?-THFT01)/DX 
IJfl 0 2 = ( ( ( ll q 1 ,.. 'l . l • ( R 111 ** 2 , ) ) * IJ RAT 01 *I! M 01 ) I ( ( ( R 0 ;:> • * 2 • ) • ( R 112 **? , ) ) •IJ R 

1AT02l 
DUHDXO:; ( li'IO?·IIf•01) I flX 
IJHNo2=11RAT0~•11~-ttl7 
RE IJ 0 2 = ( 11111} 2 * T ~ i'T 0?.) I ( E rJ U •1 ? , ) 
TAUo?=I0.1211/(110.••(0.67B•H02)l•(RFN02••0.26R>> 
CF2o=2. oT,\IIrJ? 
TAUoX=CTAI101 .YA!I02) 12, 
HBARO?:ni.~T1?/THFTn2 
G RA 0 r X" T Hr. T l 1 * ( < ll Ufl fJ X 0 • ( ~ n A R 01 + 2 , ) ) I lHI 0 1l 
G£0t1PX:THFT 11• ( DR0Xtl/R01 \ 

C ~UBp,OUT!flF ~OR CALCIJLAT!N<i NORIIAL STRESS TI!RI1 

lf(G1.F.o.1.f,lr,O TO 7500 
DDELTA2ni.~T1?-ftLST01 
DDELDX:,lDflTA/DX 
RE Y S( ll • !1 • •1 > 'i" • I H n A R ll? •1 . 0 l * D 11 EL D X 
t;(J TO 7"01 

7500 HEYsCO=tl. 0 
7501 COIJTTiJIJf· 

~pTpX0=•1 0 

C CALCIJLA rinfl OF TOTAL PRE<;SIIRF LOSS FROfl TEST DATA 

IF(G5.F<1.1.•1lCiO TO 7~05 
n=HnAr<O;> 
DPTDXO•V(1)+VC7l•D+V(3l•<D••?l+V(4)•CD••3l•VC5l•(0••4l+V(6)•(D••~> 

1+V(71•1!>••6l•''(~l•(~••7l+V(9l•(D••Rl 
0 H Y RA U:: ( ( ( R 'l? • R tl?) - ( R 112 * R 11?) ) I R 0 2) *?. 



n PT OXO," n PT~ Xn I fl H V RA 11 
IJRlTF<2.fJ~-1ll:n~Proxn 

61l02 ~0Rt!ATC?X.~11J.6) 
7505 Cof~TII~IJr 

bo7 

C CALCIILATICIN 0~ D!SS!PATION COEFFICIENT OUE TO GOLOB[RG 

PSGDN" (THI'TrJ1 •DIJJIOX<•l /111101 
CDECOP:1 ·(,~00000D,O•CP~~DN•*3))•(100,0•PSGDNl 
RE fl 01 = (I 11 I il1 * T H ~ T 01 ) I ( F.~ U * 1 ;> , ) 
t; D F P" •) _ 'l 1 1 ~ I r R F rJO 1 * • . 1 (, o 7) 

CDf.OL"CnFP•CDFCDP 
ncDnX=cn on~~ICbEOL•CD10))/THETo1 
nCD:OCDnX•DX 
CD2o::CD10+flCO 
r.o=cnzo 

C CALCili.ATIOff 0~ TOTAL PRESSIIRf GRAD!t NT TERJI IN HOfiEtiTUtl EQN (BASED 
C ON OllTr:il !fAll CALC'ILAT!ONS) 

IF(G6.rn.1,1JlAO TO 1~6 
n P T t I 0 2" I ( ( R il 2 * ~ 0? ) • ( ~ 112 * R 112 ) ) I R 0 2 ) * ll PT 0 X 0 * 0 , 2 5 
r,Q TO 1>7 

136 opTpO=O 0 
~PT DXll,ll. 0 

C DIILI!~-U-FT ~ArJO ~101- 0~ fi()IICNTIJII ~OIJ, (OUTER WHL) 
CXXXXXIF lilt r,ORR~'CT rXPil,;~fiT OF THF VFLOCtTV PR<lF!LI' FON. HAS llFEN 
C ASSIJIH~ ~11! '4~ llllL llE 7£RO tlll WITHIN T~F Llfi!T~ ~PeC!FlfD BY DM 
C IF OIILH~ I~ ll!ITqOE THr ~PcC!FlETl LHIITS THEfl A NFW VALUE OF 
C rxPoN[IIT I~ r.~TifiATrTl At!D THF CALCULATION REPEATED UNTIL Df~LHS 
C rOI~[- ~ tJ !Till'! I !If! T~ 

137 PHLI!~=TlTHX0+THrrn1•CCDRDX0/R01)+1DIJI1DXO•IHB4R01+2,))/UH01)•TAUOX.n 
1PTIIO"RFv~ro 
1\PTOXR=~PTO~O 
w RI 'f F I? , 5 •I 0 l n t 11 11 ~ , flu? , H 0 A R 0 2 , D PT 110, 1: FV S c o 

500 F0Rt!ATC~F10.6) 

CXXXXX.~ElFPAT10fl PROCFDII<1F TO FlrlD CORRECT FXPO"'ENT M OUT!'R WALL 
C VELOCITY P~1rttr EOII_ 

Ell"1.+FII 
IOV=Ell-2 
IF( f\1) il<l, 111,111 

80 ~1 =ABS ( n11UI<;) 
~2=s1-n11 
IF<s2l2,2,1l~ 

83 ~3=ctHH<; 
f-RRQR=f>lllli~-Orl 
<;4"H02 
1 F C L R I< 0 >1 l !\ 4 , ? , I! 5 

8 4 H u 2 = H 0?"' n 11 
r,o TO 1 

85 HOZ:HOi-nH 
GO TO 1 

111 c;1::o:ARS(r>111 Hc;l 
sz=s1-nrr 
If(S?l2,?.,1l-; 

8 6 <; 5 =53- 0' 11 I! s 
c;6=ttn2-c;t, 



c;7=s~/c;t. 

c;a=s3ic;7 
~02:SIH<;I) 

GO TO 1 

b08 

CXXXXXfALCIJLAT!fli~ 0~ !NtJEH WALL BOUNDARY LAYER PARAHFTERS AT X+DX 

C TU-UqED ~fiR COUHTIIIG THE NO, OF ITERATIONS 

C THErt2-IIJIJEq liALL t1DilF.'ITIJtl THICKNFSS 

2 HI2=HI1 
TU"O 

3 HR1:111!2+1ol/20 
IIR2::1H!?+10 )/;> 0 
H R 2 =Ill~ 1 * fl r12 
HR3=HI2•(11P+1 l 
11 R 4 = ( ( 11. • HI 2 l ~ 1 0 0) I? , ) 
HR5=KA4•(((1.•HI2l+1.0l/2,) 
n1=1./H1<? 
!>2•1 ./HR~ 
n2=o1-D?. 
f>3"(Pt1?-RJ7)/Pt2 
o3=o?•n> 
D4=(1 .IHR1l-(1

0
/HI2l 

04"(Rrt2•0/,) /QP 
T 11 El I 2 = (I! 4• ~ 1 l * ( R 112 • R 12) 

c r>LSrr2-rtPIF~ 'JALL Dr~PLACE,FNT TfiiCKNESs 

E1"RII2/IIR1 
F2"(Ri12-RI2l/HR2 
F.3"r1-E? 
n=~~/RT2 

E4•(Rt1?+RI2liC7o•RI2) 
~'4"E4-F1 

OLSTI?:r1'4•(~ri7~RI?.l 

C r.tH tt I ? • PHI t Q i I ALL F. I< FRG Y T HI C K NESS 

E1"(Rt12-RI?.l•Ptl;> 
F2=(~11:?-RT7l••:>o 
E1=~1/HR4 

F2•E?/H~~ 
F3"(F1-~?l/QT;> 
[ 4 = ( ( fl'-1 ;> • R 'I' l - ( RI 2 * r1 t 2) ) I ( 2 , * R I 2) 
FNT1tt2:Ft.-Ot ~TI?-E3 

C 1J K A Tl ? •I{ AT l1l 0 F ME A tJ T 0 t-1 A X. V EL 0 C I T Y I N 1 N tl ER LA V ER 
C 0 T 11 X 1 "ll ,\ T r 1 r r ~Hill E 0 F tW 11 E N T IHI T H l r K N r c; c; PI PHI~ R lAY E R 
C UH12-IIA.<o 1/r;l llr.JTY HI HINER LAYER AT X+DX CALCIILATEil FROM 
C CONTINUITY ~QN, 

U RA TT 2 = 1 o • ( ~ • • R ! :? * 0 L S T I 2) I ( ( R fl2 **:? , l ~ ( R I 2 ** 2, ) l 
r>THXT=(TIIFT!?-TIIFTI1l/DX 
IJ f11 2" ( ( < R fl1 ** ;> 0 ) • ( R ! 1 ** 2 • ) l * !IRA T 11 *ll H 11 ) I ( ( ( R M:? ** 2 • l ~ ( R I 2 ** 2 , ) ) •ll R 

1ATI2l 

C ~Utl[JXI·RATF. 11F CHA'IGF OF fiAXH!Ufl VeLOCITY IN INNER LAYER 



C 1!1111!?-•lrAIJ 1/FLOCITY ltl !NNI;ol LAYER 
C TAUI?.-Irlll~R IJALL Sl<!fl Fll!CT!OII COEFFJCIFNT/?. IL. & T.EQN) 
C HBAH!2-HPIFR IIALL 'lO!JtlOARY LAYER SIIAPE PARAIIETFR 

DlH·IoX I" I !Ill I ?-1111 I 1) / I• X 
lJf1N I ?"lh<A TT? •IHH 7 
R E ~~ I ? = ( 11 I I I ;> • T 1"1 I" T! 2 ) I I E IJIJ • 1 ? • ) 
TAUI?=C0.1?li/(110.••C0.67~•HI2))•(RFNI?••0.26Rll 
CF2!=2.•TAIIT2 
TAU I X= (TA 11 I 1 + T h IJ I?) I? • 
HBARI?:.ill ql?/THFTI? 
G RA 0 P Y,. T H n 11 * I I ll llrll! X 1 • I H 11 A R I 1 + 2 • ) ) I 11 HI 1 ) 

C CA L C ll lA Till IJ 0 F D I SS I PAT l ntl C 0 F F Fl C I ENT US I N G THE C 0 R RE lA T I 0 iJ 0 U E 
C TU GOLD~F.Rr, 

PS G ll N = ( T 11 F T I 1 * 11 1 HI 0 X I > I !I 111 1 
CDECPP:1 .-C?~(I01lOOD.O•CPRADN••3))-(100.0•PSG0Nl 
R E IJ !1 " I I I I 1 I 1 * T ll FT l 1 ) I ( E: liJ * 1 2 • I 
C 0 F p" 0 . 1i 1 1 ~ I I R F 'J I 1 • • 0 • 1 6 (, 7) 
coEat=cnFP•rn~rnp 
OCDoX=I0.00?•<rnFQl-CD1!))/THET11 
DC D: DC D I> X • ll ~ 
CD2I=C011+0Cil 
cot..CD2t 

C <;UilROUTtNr ~OR CALCULATING NOIW.\L STRESS TEHfl 

!F<G1.f0.1.~lGO TO 7506 
DDELTA=nL~TT~-DLSTI1 
ODELOX=nOrLTA/OX 
REYsCI=~.n3~~•CHilAAI2•1.n)•DOELDX 
GO TO 7~07 

7~06 REYsCI=il.O 
7507 C0'1TlNUr 

C CALCIJLATtllll OF TOTAL P~I:<;SiiRr GRADIFNT TERt1 PI ~-tOMENTUM EOU CBASI'n 
C ON lHE ollTI:R IJALL V•\LlJF. OF THE TOTAL PRESSURE GRADIHIT) 

lF(G6.Eo.1.1l11fl TO 138 
D PT I 11 2" l ( < R 'I?*~ H 2) - C R 12 • R I 2) l I RI 2) * fl PT 0 X 0 * 0 • 2 5 
Gll TO 1 :;o 

138 r>PTIII=I\ n 

C nHLIIT-LHT t!ANn ~IOC OF f'OI'ENT!JII F0rJ. (INNER IIALL) 

1 3 9 D H L 11 T = n Tll X I + T fl F T1 1 * ( C D R D X I I I~ I 1 ) + ( 0 U I I 0 X I * ( H ll A R I 1 + 2 • ) ) /lJ 111 1 ) • TAU I X • n 
1 PTf1I- R FY~ r! 

W R I TF ( 2 • ~ 0 0 I n '11 HT, 11! ? , Y 11 A R l 2 , D P Tfll , R FV Sr. I 

CXXXXX~Mll ;•QnCFil IRF' •\'> l'liJTLltiFO I~ OIJTFR WALL CALCUt ATIO\ FOR BALANCINr. 
C INN( R WAll lOi1FtlTUII F'Q~. 
CXXXXXoElHHT!11ll PRflcFDilnr. TO Filii\ CORRECT EXPONF.NT OF HlNER WALL 
C VE:LoCITY PQI\rJir Ell!J. 

TU"1. +TII 
rv=rll-2 
lf(TVl1R0,1q1,181 

1 8 0 ~ 1 =AB s c n fit fl T' 
~2=s1-nq 

IF<s?l4,4.H'i 



183 ~3=011LHT 
~RR I R=~lli.IIT-nn 
~4=Ht2 

TF(ERKIR)1f.4.4,1A5 
184 HI 2::H l ?+fill 

r.o rn ; 
1il5 HI2:HP-DH 

C,(J TO 3 
1 8 1 ~ 1 "AB S ( n '11 H Tl 

~2=s1 -o•1 
t F <sn 4,1,,1 q6 

1ll6 s5=s3-I>'II.HT 
~6=ff I ?..q 
c:;?=s<;J<;r, 
sll=s3/<;7 
HI 2=<;1,.~/l 
GO TO "; 

.{,JO 

CXXXXXHAVJJJG <;()I 11~0 THF 110ilEIJTUI1 EOifATICliiS TilE VALUE<; M ~14X. VF.LOCITV 
C FOR TliF TiiO LAVJ:RS ~QE CntiPARFO. H THFV ARF. THE SM1!o OR IJITHIN 
C T H E I nn T ~ <; r F ~ I Fl C I! RV F\ 11 fl T H F 11 T H F C 0 R R E C T V AL 11 E 0 F T H F. P ll S l T I n 
C OF !1AX!flilll VFI or.tTV<PIP) HAS BFI:N A;<;Ul·•Fn. IF THE D!PFEQFNCE IN 
C IJELorlTV(IIIIJil<;) TS t)IIT<;!OE THE SPECHHD llll!T<: THE'l A NFIJ VALUF 
C OF RH2 !<; F~TtH4T[n AND TilE CALCULATIONS RF.PFATEO UNTIL (UMLHS) 
C COI1ES W!TfiJ<J 1 !t1!TS. 

4 CONTIIliiF 
IJI1L H S = lJ 'I 0? •' JtH ;> 
~~ R l F ( ~ , '> 0 1 l 11 If n 2 , U '11 7 , U 11 Lll S , R 112 

'i01 FOR!1AT(10X,4F1?.6) 

CXXXXXPEITf~AT!tiH DROCEDIIRE TO FIND CORRECT VALUE 0~ R~2 

uu=1 +t1:1 
uv=uu-2 
1 F<UV) 2/ln, ?~1, ?R1 

280 T1=AnSI1111lll<;1 
rz= T1- ll<ll1 
IF<T?ll\,6,;:>:n 

283 T3=Uf1LH<; 
FR R r R=I)'J lll~- 01111 
T4"RM2 
IF ([~RrRI 'R4,n,2A5 

? B 4 P 112 = P 11? + fl<i 11 
r,o TO 3110 

2 8 5 R 112 = Rl1 ?- 0 ~~~ 
GO TO 3oO 

281 T1"AASill11ill<;\ 
rz=r1-0i111 
I F ( T ;>) 6. 6, ? -)6 

21\6 T5=T1•1Jlfl.i!S 
T 6= R 112 • T 4 
T 7= T) IT t, 
T8=T3/T7 
RII2=T4+TR 
GO TO 3tJ0 

C X X X X X ' F C I 111 L H S l I S '.J I T H I i1 L !lilTS T H E IJ T H F CA L C U LA T I n N S H ( X+ D X ) A R E 



bll 

C COI1pi [Tf. f.tl~ ~I L TilL DATA 11tlTAIIIFO AT (X+DXl Ic: RE•SPF:CIFIEil TO 
C DECuHr rHr DATA AT INLFT TO TH~ NEXT STFP 

6 r,otiTI lli!F 
IItH I A X= 1 " ( ( R 0 ;> * fll S T rl? l • ( R I ? * 0 L S T I 2) ) I ( 0 • 5 * ( ( R 0 ~ * R 0 2 l " ( RI 2 *RI 2) l l 
FNGRAX=>. wr•HH02oDIJ11nXOillllt 1 
AREAR0:f(~O'•RO?)-(At2•Rt2ll111. 

lJ 11 [A I J 7 =I I Ill\ A X •I I I\ 0 2 
IJMt AI~ l ~111\FA ~? • A I~ FA R!l 
ALPH=A1+A~+~1-~? 
ALPII=(? •ALPHli((R0?•R02l•(RI2*RI?)) 
ALP t1 =A I. PH I ( • I 11 •I A X •I I ill• A X* IJI~ 11 A X ) 
1·1 RI H ( 2 , 7 (J 0 l F NTH 0 2 ' I 'IT H l 7, ALP H 

C CALCULATION OF LOSS COEFFtr!EHT 

A t1 L 0 S C = ll 111 0 <; I +AB S ( ( 11 P Tfl X R * IJ 110 2 <<IJ 14 0 2 • 0 X l I ( IJ ME AN T •IJ 11 EA N I ) ) 
IH1LOS I cRIILO<;C 

C**•**IJARtJT/lG fl: CAI Clll ATJntl DOE~ NOT r.nllllFI<CF AT X=/l.O THPI< THE 
C JNITJ,\L IIAliiF OF CP IIU~T !lF THE !IlEAl VALIJF SO THAT IJHEII THF !NIT! 
C INITIAL lOS<; r.orFF IS ~URTRACTFD Till ACTUAL CP I<; OATA!NEO 

JF(G6.~o 1.0\r,n TO 1~7 
liO TO ~1l6 

387 RMLuSC,Il 0 
386 f.ONTH'III' 

C P = C PI N T + ( ( (Ill\! N T *Ill: 1 N T) • (IJ 110?. * U tHl2 l ) I (Ut~ EA NI *!Ill EA NI ) ) • ~M l 0 S C 
C PI D I = 1 0 4?- r At pH I C\ P. EA H 0 *A R I:A R 0) l 
LOSCOF=f.PI lli·CP 

C•••••<;TO!lAGF tH IIAIIIr~ 1\T (X+OX) PRIOR To THESE VALIIES BFCO~IItJG THE 
C ** ** • IN l Tl ri L C fl n ~ I TT 0 N S T 0 THE I~ E lC T STEP 

t1=~1+1 

!=11 
ALPHA( I l ::.\LPH 
H~1A (I l •qfl? 
OPTttA (I l =llPT'10 
CPA(I):f.P 
l OS (I l =I O<;CI)~ 
ARJ\(II=AR~AQO 
IIMrlA( I ):IH\fi~X 
THETI (ll=THntt' 
H I A ( I ) ":1 A A R 1 ? 
THE TO (I l =rH no;> 
HOJ\ (I) =•lf1AfLl? 
XACC1l=xACT 
DELTH0([l:r~TIIO? 
ENGRAD(Jl:r~GRAX 
0 PT D X ( I l :: fl PT n 1( R 
nELTHI(1l=F~THr7 
SHSTO(Il=~FV<;CO 
CF0( I l =f. PO 
C.HAOPO< I l=G'lAOPX 
GE011P•l ( 1 l :(ii'O'IPX 
~HST! (J)::RFV<;CI 
CFICil=r.F?I 
GRADPI<II:RRAilPY 
n 1 s tit < 1 l = r n 1 
n I S tJ 0 ( I l = r ll 



bl2 

~~ R 1 TF < 2 • 1 ? o 1 x • er , A~ r A R o , H n A R o 2 , rH ET o ::> , H n A R 1 ? 1 T H F. r 1 2 , tnlO? 1 c P 1 11 LP H 
1 2 o r oR 11 A r < 1 7 x • •,; . ::> , 1 x , F 6 • ?. • 2 x , F s • 2 1 3 x 1 F 6 • 3 , 3 x , F 6 , ~ , 2 X 1 F 6 • 3 1 1 x , F 8 • 3 , 1 x 

1.F6.~,~X.Fii.~l 
9 n1F1~3 S•IIRARn? 

lF<IllFiliLI1,11 

C*••••rEVISEn l~LFT rONiliTIO~S TO NEXT STFP 

11 1!01 :H02 
HJ1:HI2 
RII1:.RII2 
R01:~0? 
HJ1:Rl2 
1Jt101 =LH10? 
LJill 1 =U'll2 
THETOi ~THI'T·I? 
!'>LST01:nL~Til? 
liRA [01 :IIRATI? 
HBAR01 :!tRAP l? 
UIHI01 = ll'ltlfl? 
HEN01 =RrtiO? 
TAU01 =TAll<!?. 
THETI 1 ~THFT! ;> 
OLSTI1 =fli.<;T!? 
IIRATI 1 :IJRATI? 
HBIIRJ1=11RA~I2 
IHHIJ 1 =LHHI12 
H Ell J1 = ~ F N I ?. 
TAUJ1'-TAIII2 
UH fl J 1 ~I fl T H I ? 
rtiTH01 :rtiTH'!? 
llPTIII=OPT11!? 
fiPTIHl=fiPT•IO? 
CD1 I =Cn?T 
r.o1o,cn~n 
ORf1:RII/-T4 
GO TO 10 

8 rQfiTINIJI 

WRITEC?.141l 
141 FORIIIIT(1H1l 

14RITF<?.1t,5l 
145 FORtri\T(/1/) 

liRlTf(?.,11l0) 
1 0 0 F 0 RIll: T n 0 X , t,? HP R F D I C T! 0 N 0 F AN IHJ LA R n I F F U SF! R P F. R F 0 R 11 All C E) 

~JRIF<2,101l 
101 FOR!lAT(/1\)(,1!\Hn!FFli~Eil GF.O!IFTRV.) 

IJRITf (?,11);>)1JAI AfJO.t!ALAtl! 
102 FORtiAT(/1~X,19H>tALL ANGLFS, OlJTf.R=rF7.3r1X1'1HP~GREES rr6H!NflER=,F6 

1.3t1X•711Drr.RrF<;) 
WRlifC2,1fl1lA~INT,~IIHT 

103 Ff1Rf,AT(11l'<.10~ldlET RAOI!. OIJTER=,F5.2~1X 1 6l!IN<:. ,6Hl'lr1F.R::,F5.2,1 
n,4tnn<;. > 

W RI r r ( ? • 1 Cl4 l n I F fJ D L 
1 0 4 F I) R 11 A i ( 1 R X , ? '> H J> I F F 11 ~~ F R tl 0 tl D! 11 EllS I 0:1 A L = , ~ 5 , 1 ) 

IJRITf(2,11l~)YI~TIN 
105 FORil&T(/1'\X,l,SHINL~T CflflDITIOIJS <CALCIILATIOtiS r.o~HIENCE AT X•,F6.3, 

1 1 X r 5 H l 'I<; . l ) 
•!id TF <2.1 M,, Hnt rn, 4! lilT 



106 F0Rtlf-T(/1ilX,?Q~<;IlAPI' PARAI1r-TF.RS, OUTFR WALL=,F6,3,1X,11HINIUR WAIL 
1=,F6.3l 
\I~ I f F ( ?. , 1 ()?) T 'I 0 1 N T • T H I 1 N T 

1 0 7 F 0 R 11 h T ( 1 11 X , 3 1 HIll 1 1-1 E 11 T 1111 T H I C K N E S S • 0 IJ TE R W Al L" , ~ 6 , 3 , 1 l( 1 4 H I tJ S , , 11 H lti 
1NER W•~f.I::,F~ ~.1X,311!ll~) 
11~ I rr l2 .1ulll 11•1r •Jr 

108 FURIIAT(111X,17<ili•\YIIIIJf1 VElOCITV=,FII,3,1X,6HFT/SI'C) 
\JR I TF (?. 1 t)Q l R•IT 'IT 

1 0 9 F 0 R 11 ~ i ( 1 ll X do H R AD IIJ S 0 F P 0 S IT I 0 tl 0 F HA X If!, tm V E I 0 C I TV" 1 F 6 , 3 .1 X , 4 tll N 
1<;,//) 

!J R I H ( 2 • 11 Q 7 '\ l 
89?.6 FORtiAl (111\)(,~MIIliST HO THETA HI THETA UfiEAII AREA LO~<; 

1 CP,OII RI1AXl 
IJRITF<2.1lll?7l 

8Q27 F0Rtii:T(10X,~1HX OllTFR INNER lJIIAX RATIO COEFF, 
114H IN~) 

00 892?. 1=1 ,11 
8 9 2 2 \1 R I H ( 2 , ll Q ? "; 1 X A C ( I ) , H 0 A ( I ) , T H ET 0 < I ) , H I A ( I ) , T 11 r. T I C I ) , lJ tlfl A ( I ) , A RA < I ) 

1 , L 0 S ( I l • r, PIll l l , R 11 A ( I l , A L r> HA ( l ) .t> P Tt I A ( l ) 
89 2 3 F 0 R 11 AT ( 1 7 X , ~ ~ . ? , 1 X , F ~ • 2 , 1 X , F 6 • 3 , 1 X , F 5 , 2 , 1 X, F 6, l , ? X, F 6 , 3 , 1 X , F 5 , 2 , 7 X 

1 ,F6.3,?X.F6.l,?(,F~.~.10X,Fo.3,2X,fR.5) 
I~HIHC2.110l 

110 FORIIAT ( /1 RX ,4QH (FOR ADDITIOIJAL BCllli<DARV lAVER DATA SE F. OVFRLEAF) l 
IIRITF<2.141l 
WJ{! TF (? ,14~\ 
IJRIH(2,1l,O) 

140 FORI111 (';5X,i.?HPREI>ICT!Otl OF ANIIULAR DIFFUSER PF.RFDRIIANCE> 
IIRITF<2.1111 

111 F 0 R 11 A r < I/, 0 X , ":? H <A 0 D I T 1 ntt A L 0 0 I HI I'> An V l. A V ER DATAl ) 
URITE (2 ,11 :!l 

112 FORIIAT(!>~X.?'OITHEDi!FTlCAL ASSlliiPT!ONS) 
~I RI Tf (2 ,11 4) 

1 1 4 F 0 R 11 AT U \~X , ;>g 11 '' FL () C I TV PR 0 F l LE " Jlol W F R LAW) 
\JR!Tf(7.,11'll 

115 FuRIIAT(":~X.t.~">H~KIN FQ!r.T!Ofl rOEFFICIENT " LUDW!EG & TILLHAfPI) 
Jf(G1 E'l.1.0lC.O TO 1~6 
I!RlTf(2.121) 

121 ~ORIIAT ('I'll(, 4r,Hr.<;r!f1ATF OF REVNOLDS :IORI-1AL STRE~SFS 1 '4CLUDEDl 
C.O TO 1<;0 

156 roNr 1 tlllr-
~~RIH<?..119l 

119 fllRtiATC:'lX,40HF<;TIIIATE OF REVNDLOS riORIIAl STREc;SE~ lOT INClUDED> 
150 fONTINIIF 
127 TF(GS.Fq 1.,11C.O TO 129 

URITF(2,1?F\l 
128 FORI\A1t;~.<.'i1HTOTAL PRr:SSIIRE LOSS lNCLllOED <EXt:>ERINF.NTAL RESULT~)) 
129 IF(G.S.E•L1.•JlC.O TO 157 

GO TO 11?0 
157 coNr 1 tit IF 

11 R I H ( ?. , 1 1 ll l 
130 FORI1AT<l,.<.~?HTOTAL PHES<;URE LOS~ NOT INCLUDED\ 
1129 f.ONT!ii!Jf' 

IF(G7.f'•1.1.<llt;tl TO ,;939 
IJ R l TE £' , 110 :i '\' 

8988 FOflllA((l~X ... ilHTrlTAL PRES<;U~E LOS~ !:lCLliDFD (SHFAR STRESS GRADIENT 
1 A T R 11 A X l ) 

8989 f.OIITJNI/f' 
131 llldTFC2,11?l 
132 rnRnATC>~X.t.OIIfiO tiET IIASS TRAIISFFR nFTWFEN JNNFR ~ OIJTER LAYERS> 

WRlTFi?.,113) 
133 FI;RIJ,\TC';'>X.17Ht•O P0TFNT!AL CORE/) 



614 

11 RI H ( 2, 1\0?. P, I 
8928 FORilAT<I'lX.~C~OIST nELu D!SPtL DtSPN. 

1N.S.C. r.F N.s.c. en 
' 

i 
\/RI TF(2,1\9?<·l 

8929 FORtlAT (!,)( ,o,'l'< OUTER coo I tHJ ER COt nu 
1TER tlllTrR !NNFR 

00 8924 T =1 .11 
8 Q 2 4 \ 11< I T •' \ ? , 1\ c ;> S J '<A C C I ) , fl E l T H 0 ( I l , D I ~ f/ 0 ( !) , I' N G RA [) ( ! l , [l PT 0 X ( I l , D ~ l T H ! l l 

1 l , IJ I ~ Ill t T l , <; 11 <; Tf !( I ) , C F I) ( 1 ) , G RA D P 0 ( I l , G F 0 t·• P tH I ) , S H S T I ( I ) , C F1 ( l ) , G RA 
20PI (I) 

8925 F0RI1AT(4K.F~.?.1XrF6.3,1X,F7.4,1XrF7.4,1X,F7,4,1XrF6.3,1X,F7.4,1X, 
1F7.4,1K.F~.S.1X,F7.4.1X,F8,5,1X,F7,4,1X,F8,5,1X,F7.4) 

GO TO 7•11 
<;TOp 
FND 

EllO OF SCGt-<ENT. LFN\,Tif 23711, NAIIE 1!201 



hiS 

~ U BR 0 lJ T 1 11 F r.t I RV F F I T PI , X , V , A , ~ ?. r Z ) 
0 I 11 01 ~ I tltl X C 1 n 0 l • V C 1 0 0 ) , A ( 1 tl • 1 0 ) , S lJ f' X ( 31 ) , S lJ fW I 1 0 ) , 2 ( 9 ) 
!SW2=0 
I Sll3=0 
NCASfS=1 
LAST=il 
no 17> 1 r.ASf'=1, nr.ASf·~ 
llRIH<?.1l 

1 FORi!AT (1 H1l 
7 0 S U 11 X < 1 l :::0. 

SUI~XC2l::O. 

<;UIIX < 3) "0. 
<;Uf1y<1 )::0. 

<;UfiV<?l::O. 
0 0 9 0 I ::1 , IJ 
cx=xcll 
cv=v<I' 
sur1x 11 l ::<;Uflx c 1 l +1. 
<; UIIX en ::~llf1X < n +t:X 
SUfiX n l ='>llf!X 1"0 +rX•rx 
SUf1VC1 )::~llfiVC1 l+CV 

90 <;UfiVC2l::SIIIII'(?\+rX*CV 
NOR!>=1 

91 L=NUR0+1 
KK"L+1 
00 101 !=1.L 
o o 1 n .1 .1 = 1 • t. 
IK"J-1+r 

100 A(!,.I)::~IIIIXC!Kl 
101 A(I,KK)::<;rJPIV(l\ 

no 11.0 r=1.t. 
A<KK.I\::•1. 
KKK=!+1 
OU 110 .I::~KO:,n: 

110 A(KK,J)::O. 
C=1 ./A(1 r!l 
00 1?1 ll=?.r.K 
DO 1?.·1 .l=KKK.KK 

120 A(IJ,Jl::A<TJ •• I)•A(1,J)•A<II,Il*C 
00 140 11=1.1 
oo 140 .r=KK<. n 

140 A(IJ,J)::AC!l+1.Jl 
s2=o 
o o 1 6 o .r "1 , 'J 
VJ"V(Jl 
XJ"X(J) 
s1 =o. 
s1=s1+A<1.Ko 
00 1~0 t:o1,•JORO 

150 s1=s1+AC!+1.~Kl•XJ**1 
160 s2=s?+(<;1-V!lu? 

IF (l&W?l 1~1.161,1b3 
161 IF (N0Qn•LA<;T) 171•1~3.171 
16 3 fl R I H ( 2 • 1 0? 'll ~~ 0 ~ ll , S 2 

>lld rr ( ;>. 1 r,o l) 

no 164 1=1" 
J=l-1 
z(l)cA(t,KK> 

16 4 W RI rl ( 2. 10 3,, l .f , A <I r K I') 
IF (!SW-;) 1 1,'i,16S,1o7 

165 IF (NORn•LA~Tl 1?1r1~7.171 



167 IJRlTf<?,11(ltll 
110 11\0 r::1.~ 

s1 =o. 
<;1"A(1 d:Kl 
00 11\il .I =1, 'IOQ n 

168 q1=s1+A(.I+1,KKl•X(ll••J 
~3"Y ( Il-<; 1 

bib 

169 llHIH<?.1040lX(Il,Y(!),~1,~3 
IF OlORIJ•IAnl 171r173,173 

171 ~JORo=fi0Ril+1 
J=2•N0RTI 
<;Uf-IX(J)=O. 
qunx<J+1l=O. 
~unvc11n~n·1 l "o 
no 172 r=1·'' 
rx=x<Il 
r.v=v<ll 
<; U 11 X ( J ) = q I I f1 X I .I l + r X* " ( J ~ 1 l 
S 1!11 X < J + 1 l "~ d fT X < J + 1 ) + r X* * J 

172 qlJJ\y(IJ0Ril+1 l=<;IJtiV(:ItlR0+1 l+CY•CX••IJORO 
GO TO 91 

173 rONTT:IIlr 
1010 FORI1Afi1XI1,~X~20.~) 
1020 roRt1AT(1X~If1qr,Fr~ :o n,SX?OH!If'AN qliJAH FRROR " E12.Mil 
1090 rORJtAT<411 lf·l 10X11'1COEnlr.!EIJT//) 
'I 1 0 0 r 0 R 11 A l I 1 ? X 1 •I X 1 o X 1 If V 1 6 X S H VC A L C 1 9 X 5 fl E R R 0 11 ) 
1040 FORitAT(1XI.~20.1\) 

RETUBII 
<;TOp 
END 

EIID OF SEGME~T. LF~GTH '1?6, NA'IE CURVEF IT 
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TABLE A27-1 

O, PNE. 

PREDICTION OF ANNULAR DIFFUSER PERFORMANCE 

DIFFUSER GEOMFTRV. 

WALL ANGL~S. OUTER= 10,000 nEGR~ES ,INNER~ 0,000 DEGREES 
INLET RAO!I. OUTER= 6,00 INS .• INNER= 5,00 INS, 
D!FFIJSER NON nlMENSIONAL: 5.0 

INLET CONDITIONS CCALCULiTIONS COMMENCE AT X= 0,000 INS,) 

SHAPE PARAMFTFRS. OUTER WALL= 1.304 INNER WALL= 1.2A1 
MOMFNTUH TH!CKNES~. OUTFR WtLL= 0.049 INS.INWER WALL= 0.050 INS 
MAXIMUM VFLOC!TV= 140.000 FT/SEC 
RADIUS OF PnSITION OF MAXIMUM VELOCITY= 5.500 INS. 

DtST 
X 

0.25 
0 50 
0.?5 
1 00 
'- 2 '; 
1. 50 
1. 75 
2 00 

~ --- - 2. 25 
2 50 
2 75 
3.00 
3.25 
3.50 
3.75 
4 00 
4 25 

. 4. 50 
4.?5 
5 00 

Ho 

1. 34 
1. 3i' 
1. 40 
1. 44 
1. t.!l 
1. 52 
1. ~ i' 
1. 61 
1. 66 
1. '71 
1 • i'6 
1. 82 
1. as 
1.94 
2.00 
2.0? 
2. 1 4 
2.22 
2.29 
2.38 

THETA 
ourFR 
0 0~4 
0 060 
0 065 
0 0?1 
0. 0?7 
0.01!2 
0.088 
0. 09 4 
0 009 
0. 1 os 
0. 11, 
0. 1 16 
0. 121 
0 1 2? 
0 132 
0 137 
0. 14, 
0 146 
0 150 
J. 155 

HI 

1. 31 
1. 34 
1 • 3 i' 
1. 40 
1 . 43 
1. 4 7 
1 • 50 
1. 54 
1 • sa 
1. 61 
1 • 6 5 
1 • 69 
1 • i' 4 
1. i'B 
1. 82 
1. 86 
1.90 
1.94 
1.98 
2.02 

THHA 
INNER 
0.055 
0,061 
0.06? 
0.0?3 
0.080 
0.086 
0.092 
0.099 
0. 1 0 5 
0. 1 , 2 
0. 1 18 
0.124 
0. 130 
0. 1 36 
0. 142 
0.1t.i' 
0. 152 
0. 157 
0.162 
0. 16 7 

UM!;AN 
UMAX 

0.861 
0.850 
0.838 
0.826 
0.814 
0. 8 01 
0.789 
o. ?76 
0.?63 
0.750 
0.?3? 
0,?24 
0.?11 
0.699 
0.686 
0. 673 
0.660 
0.641) 
0.635 
0.623 

AREA 
RATIO 
1. os 
1 . 1 0 
1 . 1 5 
1 . 2 0 
1 • 24 
i . 29 
, • 3 5 
, . 40 
1 • 45 
1. so 
i . 55 
, . 6 0 
, • 6 5 
1. 71 
1. i'6 
1. 81 
1 . 8? 
1 . 9 2 
1 • 9 8 
2.03 

LOSS 
COEF;: 
0.000 
0.002 
0.003 
0.004 
0.005 
0.006 
0.007 
0.009 
0. 011 
0.012 
0.014 
0.016 
0.017 
0.019 
0.021 
0.023 
0.025 
0.02? 
0.029 
0.032 

(~OR ADDITIONAL BOUNDARY LAVtR DATA SEE OVERLEAF) 

CP 

0.086 
0.160 
0.225 
0.282 
0.~32 
0.~?6 
O.t.15 
0.449 
O.t.80 
0.50'7 
0. 531 
0.552 
0.~?2 
0.589 
0.604 
0.618 
0.630 
0.641 
0.650 
0.658 

RMAX 
INS 
s. 5?2 
5. !145 
5. 56? 
5.~90 
5. 61 2 
5.63l. 
5.651\ 
5,679 
5.?00 
5.?22 
5.?41. 
5,?65 
5.?86 
5.807 
5.827 
S.Bt.? 
5.86? 
5.1185 
5.904 
5. 9 21 



TABLE A27-2 

o, PNE. 

PREDICTION OF ANNULAR DIFFUSER PERFORMANCE 

(ADDITIONAL BOUNDARY LAYER DATA) 

THEORETICAL ASSUMPTIONS 

VE LOC ITV PQOF!LE • POI./ER LAW 
~KIN FRICTION COEFFICI!:NT • lUDWIEG & TilLMANN 
FSTIMATE OF REVNOLOS NORMAL STRESSES INCLUDED 
TOTAL PRESSURF. LOS~ INCLUDED (EX PERI t4ENT AL ReSULTS) 
NO NET ~!ASS TRANSFER BETWEEN INNER & OlJTI'R LAYERS 
NO POTEIJTIAL CORE 

-I 

DIST DFL•• DTSPN. 3 <l''du 2 [ dPTJ DELu DISPN. N.s.c. Cp Bo(H0 +2)dU 8odRo N,S.C. CF (H,+2)S,dU 
(]:> 

I X OUTER rno u dx /-'U 2 dx m INNER CDI OUTER QUTF.R -u dx RocTX INNER INNER U dx 

0,25 0.096 0 0026 •0.0391 •0.0048 0.099 0.0029 0.0004 o.oo:ns ~0.0~19 0.00144 0.0004 0.00343 •0,0222 I 

0.50 0. 1 0 5 0.0036 ·o. Ol94 •0.0053 0,109 0.0040 0.0005 0.00313 •0 OZ26 0.00158 0.0005 0,00322 •0,0230 
0.75 0. 114 0.0045 -0.0399 •0.0057 0. 1 19 0.0049 0.0006 0.00292 .. 0.0(35 0.00173 0.0005 0.00301 •0,0240 
1. 00 0. 1 2~ 0.0054 •0.0406 •0.0062 0. 1 29 0.0058 0.0007 0.00272 •0.0244 0.00187 0.0006 0,00282 .. o,0246 
1. 25 0,132 0 0062 ~o.o4o~ •0.0067 0. 139 0.0067 0.0008 0.00252 "0.0249 0.00202 0,0007 0,00263 e0,0254 
1. 50 0. 1 40 0.0069 ~o. OW9 •0.0071 0. 149 0.0074 0.0009 0.00234 •0.0253 0. 00211' 0.0008 0.00245 •0,0260 
1. 75 0. 149 0.0076 ·0.0393 •0.0075 0. 1 5 R 0.0081 0.0010 0.00216 •0.0255 0.00232 0,0009 0.00229 •0,0265 
2,00 0.157 0.0081 ~o.o~86 -0.0078 0.168 0.0088 0.0012 0,00200 •0.0256 0.00246 0,0011 0.00213 •0,0269 
2.25 0. 166 0 0066 •0.0330 •0.0082 0. 1 ?8 0.0093 0.0014 0.00183 •0.0258 0.00260 0.0011 0.00198 •0.0265 
2.50 0. 1 74 0.0091 -o.0372 •0.0085 0.188 0.0098 0.0015 0.00168 •0.0260 0.00274 0.0013 0.00184 •0,0267 
2,75 0. 1 8 2 0.0094 ·0.0358 •0.0087 0. 197 0.0102 0.0017 0.00154 •0.0257 0.00288 0.0014 0.00171 ooQ,0267 
3.00 0. 1 119 0 0097 ~o.0345 •0.0090 0.206 0.0106 0.0019 0.00140 •0.0253 0.00301 0.0015 0.00158 •0.0261 
3.25 0.19 6 0.0100 -o.033~ •0.0091 0. 21 5 0.0109 0.0021 0.00127 •0. 0251 0.00313 0.0017 0.00147 .. 0.0260 
3.50 o.2n4 0.0102 -0.0319 •0.0093 0.223 0.0111 0.0024 0.00115 •0.0246 0.00325 0,0018 0.00136 •0.0251 
3,75 0. 21 0 0.0103 -o.Ol04 •0.0094 0.231 0.0113 0.0027 1),00104 •0.0241 0.00337 0.0019 0.00126 •0,0249 
4.00 0. 217 0 0104 -0.0289 -0.0094 0.239 0.0114 0.0030 0.00093 •0.0234 0.00348 0.0020 0.00117 •0,0238 
4,25 0.22'1 0.0105 -o.o2n -0.0094 0.246 0.0115 0.0033 0.00084 -o o227 0.00359 0.0022 0,00108 •0.0234 
4.50 0.220 0 0106 -o.025s •0.0094 0.253 0.011!> 0.0037 0.00074 -o.ozzo 0.00369 0.0022 0.00101 •0.0220 
4.75 0.2H 0 0106 •0.0240 -0.0094 0.26() 0.0116 0.0040 0.00066 •0. 0211 0.00379 0.0023 0.00093 •0.0216 
5.0() 0.2~9 0.0106 ·0.02i6 •0 0093 0.266 0.0116 0.0046 0.00058 -0.0194 0.00387 0.0023 0,00087 •0,0199 
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TABLE A27-3 

0, PNE. 

PREDirTJOH OF ANNULAR D!FFU~ER PERFORMANCE 

OUTER= 6.6~0 ~~G~FFS ,!NNFR= 0,000 DEGREE~ 
OUTER= 6 00 INq .• tNN~R= 5 00 IN~. 
0 I 11 EMS I 0 HA l = 7. ~ 

I'll F.l COti~lT!Ml~ ICALCULAT!Or;~ roi~MF.NCE AT X= 0.000 INS. l 

<,1/AP•- PAdrlFTFf<O. OIJTFR lJALI = 1.304 !Nilr-R IJALt = 1 2!!1 
·1"'1cr.TUil TlitCKNES~. uiiTER WAll= 0 049 !"!<; !NNFR \JALl= 0 0<;0 INS 
'\q1111'f1 VFLOCrTV:: 14(J Ono FT/~EC 

'AO!ll<; 0~ POSTT!Of! OF MAXII-11H~ \li;LOC!TV= 5 500 IN<;. 

fll<;T Ho ( H i·T A H J THFTA UMF.AN A~EA lOSS CP RMAX 
)( O!ITFR !N'-!FI! UMt,X RATIO COEFF IN~ ,, 25 1. :n J 0~2 1. 30 0 0 

1

i '· O.Ahi 1 0~ 0.002 (\ ()5? 5.51' ;) ~0 1 • 3 r; 0 (}~6 1 • 3 2 0.051! O.RS7 1 06 0.001. (\ 108 5.5~0 
ci 75 1 • 37 0 OAU 1 . '!> '· 0,062 0. !!49 1 10 0.005 (\ 1 55 '5.54~ 
1 /10 1 ~ /~(\ 0 (;63 1,">;1) 'l.Oo6 (\,$141 1 13 0.007 0 197 S.%0 
1 ~5 1 . 4 i' \) tlf.. 7 1 .38 (I 070 0.833 1 1 6 ') 009 11 ?~6 5.57t. 
1 ~" 1 . 1.. ~ \} \)? 1 1 • /, 0 0.0"1!. O.R25 1.19 0. 011 11 7.72 5- 589 
~ ••• 1.1..7 0 1) ;' ~ 1.42 0.1171! 0.1\16 1 23 •). 011 0 307 5.Ant. ( ' 

2 :J() 1,)(1 V •179 1 • /, 5 0.01';> 0./lllll 1 26 0_01~ (I ·q6 ~.619 
2 ?5 1 • 5 ~ ' •i!l2 1 . '· 7 !) ('?,(, O.Riin 1 zo :1_ 015 li ~61. S.6~t. " 
~ )') 1 . 56 c 08o 1 • 5 0 () 091 0.791 I 3~ 0.017 n ~89 5.61,8 
2 75 1 • so J Ct; u 1 . ~2 (\_()<)~ 0.71\3 3(, O.ll17 (\ 1.14 5.6tl~ 
3 1n 1.(,;> c 0Q4 '.54 () (\Q9 0.77~ • 39 0 01R (\ t.~7 ~. 677 ' ~ ?~ 1_,,, u 1;9 8 1 . ~ 7 I) 1 l ~ 0.766 1 43 0.021 I) t.SS 5_60? 
~ 'if! 1. oR (i 1 !11 1 <;9 0. 11•7 0.757 1 46 f) 022 n '·? s S.?Of, ) 

3 ?) 1 . 7'? v 1 r s , . (,? f) 1 ' 1 n.?49 1 49 (l 02~ 0 1.9 2 s_ no 
4 (, () 1 • 7., 0 '"9 1 .f..4 0. 11 5 0.?41 53 (I 02L I) 51l9 5.7~t. 4 ?S 1 • '/9 \t 112 1 • () 7 () 11 9 (\_732 ~ . 56 (\ 02A (\ ~24 5 7t.R 
4 c;o 1. iP .) 116 •. (.9 (\. 1 ,>:>: IJ.724 1 6(1 0 02? (I qB 5.71\:> 4 7~ 1 . R 1\ u 119 1. 7? 0.1?7 n _ 71 s 1 63 (' 029 0 ~so 5- ?76 5 .1!) 1 • ,, 0 \) •23 1 • 75 !) 131 n .71!7 1 67 0 031 () '\62 5. 700 c ?'i 1 • 9 {, 1) 1 2 () 1. 78 0. 1 3 5 0.1\99 ' ?0 0 03~ (I 57:; 5.!105 .• 

' 5 Sil 1 • 91l I; ~ 2~, 1 • p, r, 0 1>9 0 691 1 74 0.035 (\ 'i83 5.1119 
5 75 2.1'? v "i- -· 1 • 83 () . 1 43 !'.liil2 1 ?7 0 031\ !) '\0 ~ 5.1;~1 . ·' .) . ~ -s ,1 2.n7 I) ~ ~0 •. 85 n. 1 L 6 0.674 1 81 0 031\ 0 1\0i' S.P.t.4 -s ;;~ 2 .1? u 13Ci 1 • 111! 0. 1 49 0. 6(.,{, 1 84 (\ 03? n "1 , 5_1\<;f, 
6 ~(\ 2. 11\ I, 143 1 oo 0.1)3 0 ~)Jl 1 8!! 0 'l39 (\ 1.19 S.AI\Il 
6 75 2.71 v 145 , . 93 f'.1'1A 0.65!1 1 92 I) 041 !l A26 5.RR? 
7 .r. 2.2S 1 48 1. 06 n.1oO 0 642 1 95 0.04::! (\ 6 ~1 5.1\0E. 
7 ?5 2.30. l' l 51 1.09 0.1E.~ 0.1\34 1 QQ 0 044 0 6~1l 5. o n7 7 ~~ 2.=-1\ } 1';4 2. (\1 0.1ol\ 0.626 ?. 07 0.045 !l A44 5.911l -

< r •1 Q ADDP!nf,AL !lnUND~PY LAV f P !lATA <;FE OVEPLFAF) 



o, PNE 

PREDICTION OF ANNULAR DIFFUSER PERFORMANCE 
(ADDITIONAL BOUNDARY LAYER DATA) 

THEORETICAL ASSUMPTIONS 
II~Lllr.!'l'V ~RO~!IF - pOI·IFR LAW 
~KTtJ FRICTION roEF >! ri ENT - IUDWIEG & TTILMANN 
cc;1' Ir·•ATI' 01= Rf.VNOLn~ NORI-1Al ~TPF5SCS !Nr.JUDF!l 
TOTAl PRFS~lJQ~ I 0 S ~ !NCLIJDED o:xoE~!MEN1'Al RF~UL1'~) 

NO IJ FT tlAS<; TOAI\J<;.FR BF'1 WEFN !~N=R ~ OWri'R 1AVI:RS 
NO pl'lTENTTAI COR I' 

DIST DFL** [)T~PN. 3/i""dU 2 [dPTJ r>FI.** O!SPN. N.'>.C. CF (H 0 +2)9odU 6 0 dR0 N.S.C. CF (H,+2)9,dU 

X I'IJTF.'l r.on u dx pU
2 dX m TNNF.R CD! oun: ~ nUTFR u dx RodX !NNE~ l"JNER u dx 

0,25 0 :;9-.: 'I. (I(\' Q "I) u251 _,, (;<t/+6 () .96 I) no22 0.00(13 0 00343 -o 0145 0.00095 0.0002 0.00350 •0.0149 
(' 50 0. •IQQ ,, . {~ "• (: ~ •(I <J251 "\J {} n 4G o. 'I 03 0 1'026 0.'1003 0' 00327 -0_0148 0.00101 O.OOO'j O.ll0335 •0.0150 
(\. 75 0 1(1<; ,, (:f',(..!, •(> (i? 5 f, -o r1 ·~53 (I 11\9 I) I) f) 29 ti.'l003 0.00312 -·>.0152 0.1'0108 (\.0003 0.00320 -~.0155 
1. 00 ~ 1 ~ ~ ,, !) ~ £ () •fl ,;?:,q ·IJ (i '5"' (1 Hll 0.1'032 o.ror4 (1' 1102911 •I) 0156 O.Ofi11L 0.(1004 1},(10306 -0.0160 
1 . ? 5 n 1 , 7 ,, nn:;? -o (I 2 6 (\ ·0 ("ll\ (I (l 123 ~.110~5 0.1'0114 11.00284 -o 0150 0.111>121 O.ll004 0 r10292 -0.0164 
1 . '; 0 (\ 121 I, qfi ·.;s -n l) 261 •11 fl>~o~ \) 1 ?<; 0.11038 o.r0115 0 00270 -o 1)162 O.t10128 <'.0004 0.'1()279 ·0.0168 
' . 75 n 1 29 " 0!''511 •t) (\2'1"2 -v (l'•&t\ I). 1 1-c n.IJ041 0.0{)05 0.00257 -o 01 72 0.00134 1"1.0005 II.('Ql67 -0.0166 0' 

2.00 0.135 nnt~n -() O:Z:Jt. •I• (Ill l) ('I 0 1 42 (\ 0<)43 0.0006 0.00244 •(J 0164 0. 00141 0.0005 o.oozss -0.(}174 "' ,, 0 
2.25 n 1 4 (l " 1: (, 4 2 -it (:'? ")0 -u l)ll7::> () 1 4<1 ()_01)46 0.'10<'6 0 00?.32 •0 C•1f>CI o.no1t..7 0.0006 0 007.43 .1).0177 
2. 5lo 0. ~ 4n 'i (lli "",,. • I• 0257 -\) ,. 'l "14 n 15n 0.0048 0 (\ 0 f'\ 7 O.OIJ2Z1 •() 01 I() 0.0~15'1 O.IJOil6 0.1)0232 •0.0180 
i?.75 0 ·~? ,, (1046 -f) (J26'>; ·u (;"77 n 162 (I_(II)SO 0.1'0"8 " 00209 -o 01 77 0.0016() IJ.(Ion6 ~.ooa1 •0.0174 
3.00 11 • '> Sll 'I 0041\ -,, ~~ 2 () .. -f) ul)79 ll ' 1 (,p, 0.110~1 0 11{108 f) 0019il •(\ 0171! 0,0111~6 0.001)7 0.00~11 •0.0175 
3 7.~ 0,11\:': I {.•luO -o ()?3o -u 0"8? 0 .17S (1_00~3 0 "0 "9 () 00187 •<) 016f, 0.01117~ 0.0008 0 OO'O' •0.0185 
3.50 1'1. 1 (,Q \I (1n 1_. '! -o 0252 •() (J1184 0 1 i\1 0,()055 11.0010 f) 00176 •I) 0178 0.00179 0.0008 0.00192 ·0.0178 
'1.75 (\ , 7 t~ {I 11 (1 ~~ ? -() 0249 •{} Ill\ !I(, 0 11\7 (1_00<;6 0.1'1010 (1_00166 •() t)178 0.00185 (\.0008 0.00183 -0.0179 
t..ll(i n 170 \I (,I) s 3 -f) 0?4t. -o 0"87 n 1 9.$ 0.1'1057 0.0011 (1.00157 -o 0177 0.00191 0.0009 0 00174 -0.0180 
4.?5 -1) 1(l4 I) 00',5 -o G23R -o (JI\(lC (\ 199 0.0059 0.0012 ') 1)0148 •0 1)17~ 0.00196 0.0010 (1.00166 .1).0180 
1..5~ n 1110 ') on·,<; -f) 0?3? •0 11 n c,. c () ?0~ 0. OtinO n.l'l013 I) 001~9 -o.017G 0 00?.02 0.0010 0.00158 ·0.0181 
4.75 I) 1 Q ,, ,; ""~/\ .. (I (\ 2 2,.; ... 0 {J '}9"' 0 211 0.0061 0.0014 'l.00131 -o 0173 O.ll!l207 0.0011 0.00151 •0,0181 
5.00 (\ ':Qil " (,('')7 -() (!?20 -f) fJ '•9 ;:> I) 217 0.1J062 (1_0014 0.00123 -1\ 0171 l)_f)l\213 0.00 1 1 O.'l0143 ·0.0181 ,, 
5.25 (\ ?o> • U fl rl R •(I 02'14 •J (I '•9 'j I) 22?. (I fOi) 6?. 0.1'015 0.00116 -(l 0168 o.on218 0.0012 0.~0136 •0,0180 
~. 5 f) n 2o7 l r,.,~p, -n O?U7 •{\ 0 qo :'1 () 2?~ 0,11063 0.0016 ().00108 •0 0166 o.noz;>3 n .001'j 0.0011!9 -0.0180 
5.75 (',:?12 'I (,~., .. -o O?tdo •(/ 1.)1Lt)L 0 2-:;) (I 0063 0.0019 0.00101 -o 0167 0.00227 0.0012 O.ll012t. ·0.0160 
6.()0 0 2'ln ' or. so •f) 0 2'.? •IJ (1'19 4 I) 2311 0.1l064 o.IJC20 1),00094 -o 0170 0.00232 0.0012 0.00118 -0.0160 
n.?5 o./20 'I (, ') r)Q _,, 01')0 •0 (.1\0I. n 242 0 0064 0 (\ 0 2 2 (I 0 1)087 -n 01n6 O.'ln237 0.0013 0 1)0113 •0.0159 

•I 

6.50 n 224 ()1\t>~ "(I 0 19/l •I) 11 ~9 4 I) 247 0.0064 0 (\ 0?3 0.1\0081 -o 01{,2 0.01\242 0.0013 0.00108 -0.0158 
6.75 0 ;'?!l " () /1 (\" •() 018? -J ()'19'· f). 2 Gl 0 Oi164 f\.1')<'1 0.00076 -n 0158 0.00246 0.0016 0.00102 -0.0173 
7. () (< f) z~-: . (\(\()(\ -IJ (•16 ~ •I) (, '9 4 n 2~7 (\ 0f)6 5 (1_1)023 0.00n71 •<) 0146 o.or-25'1 0.0017 0.00097 ·0.0172 . 
7.?5 n "~" I (dh; () -(\ 017~ -ll 0 119'1 o.261 0.nOn5 0.1\028 f\.00065 -o 0156 0.00253 0.1101'1 0. 0•)093 -0.0142 
7.5(1 n_;.'~C '• { r: t' (\ -o fi10{, -o (1''9~ n 265 0 OflnS () 11030 (\ 0006(1 -o 01 51 0.00257 0.0014 0.00089 •0. OH1 



{:,2J 

TABLE A27-5 

0, PNE 

PPEDlrT!ON OF ANNUlAR DIFFUq~R PERFORMANCE 

DJ FFII~ER t.FOIIF'T~Y 

·J~ I I ANGt r.s niJT~R= ~.non DFGRFF~ ,!NNFR= 
niiTEo= 6 00 TN~. , INNER= 5 ,10 
nll·'E'-'SIOIIAI.= 10 0 

0.000 DEGRFE<: 
l fl r F , R A IJ l l IN~. 

I) l 1'1' d ~ E P. •W N 

1111 F.T- C0tHl!TlNJ~ ICALCIJLATION<: rtWt1ENCE AT X= 0.000 INS l 

<; q A P F PAR All FT F R ~ . 0 IJ T F R IJ Al I :: 1 . 3 0 4 T N NI' R WA LJ = 1 • 2 81 
'·o'lt1FilTUI1 .,.lllCK!<FS~. OIJTER ~JAr la 0.049 INS ltlNFR liALl= 0 0~0 INS 
'i ~\!till ~I V F L 0 C TT V= 1 4 0 011 0 rT I~ EC 
~AJ)!IJ<: OF PO~TT!ON OF MAXJMll~l VELnCtTV= 5 500 INS 

n n;r Hn THETA Hr THFIA lll~ FA 'l APFA lQqS r,p 
V Ui11"FR lNNFR UMAX PHIO COEFF ' r, ~0 

-

1:3~ \J 54 
-

1 . 31 (l 0 (l~<; 0.862 1 0~ I) fJ01 0 085 
1 ,I) 1 • 37 (; 059 1 . 34 o.ro1 0.850 1 10 0.005 (l 1 56 
1 r, ;, 1 • 4 ~ 0 f)(,~ , . '7 n.Ot\7 0.1131\ 1 1 4 0 00(, 0 ?ZO 
?. (: (l 1.44 0 07t) 1 . 1.0 ll.073 0.!127 1 19 n.009 0 275 
;> sr 

1 . "" 0 t) ';'t) 1 . /.3 0 OhO O.'l15 1 24 0 017 (I >:23 
3 .~(I 1 • 52 Ll 01\2 1 . '·6 0.0111\ 0.803 1 29 0.01~ (l_"r,6? 
3 <;n 1 . 'i ~ •) ·) P"l ~ • o; 0 () O<i 2 n.791 1 34 0.015 (I t.06 
4 I! (l 1 . 60 0 t)O -~ , . q O.OQ8 (\,779 1 39 0 01? (I 1.40 
4 'ii'\ 1 • 6 ~ 0 09 il 1 . c; 7 0 1nt. IJ.767 44 (' 1)19 0 t.71 , vfl 1 • 60 0 !Dtt 1 . 6 0 (\ . 111 IJ.?55 1 49 0.1)22 n 498 
o; sn 1 . 7" 0 '(9 , . (, 4 () 117 0 743 ., 5~ I) 1)2'5 n 521 
6 -, (l 1. 79 1) !1 4 , . 68 n .1 ?~ 0 731 60 1)_027 0.54~ 
1\ 51) 1.il4 cl • 1 9 , . 71 ~ 1?9 0.710 1 65 0.021! (I 56'-
7 ·,o 1, p,o \J .. 25 1 . 7 5 (\,134 0.7ft!\ I 70 f\.030 n 'i82 
7 ';{) 1 • 9 s •) I'd 1. ?9 (l 11.0 0.696 76 0.032 n 598 
i\ f, () 2 . Cl, 0 ,: ... 1 • ll3 (). 1 46 0.684 1 81 (I 034 (l 612 
s s {1 2.o7 ') ~ 39 1 . p. 7 0.1~1 0.673 , 86 0 037 O.t'l2l. 
~· ,') 2. 1 ~ 0 1 /J. 3 1 . Ci 1 0.157 0.6f>? 1 92 0.040 (\ t\35 
o• ~ (\ 2 10 IJ ~L3 , • 0 4 n '"' 0. 6S1 1 97 (\ I) 41 0 t<.4? 

• I ( I' 2.21\ c 1 'i 2 1. os 0. 1 (,6 0.630 2 02 0 04~ 0.65? '. 
(rOP ~OD!TIOiiH ilOUIJDARY lAV~R flAT A ~FE OIIERLFHl 

RMH 
!Ne; 
5.573 
5.545 
5.%7 
5. 5119 
5 .1\P 
5.6 ... /. 
5.6'it<. 
5.67? 
5.699 
5. 7'1 
5.71.~ 
5.7t<.5 
5.7P.(. 
'i.R07 
S.R'~ 
5,1\l.!l 
5 p,,:,Q 

S.RQO 
5.908 
5. 9 '7 



TABLE A27-6 

o, PNE 

PRE D T CT I MJ 0~ ANNULAR DI FFUSFR PERFORMANrE 

(AODJT!ONAL BOUNDARV LA VER DATAl 

THFORF.TTCAL A~SlJMPT!ON~ 

IIELDI'!TV PRO~ IIF - pO\JFR LAW 
<:KTN FR!r.TTON r.nBFir.IFNT - I UDWI EG & Tit L~lANN 
F !-> T !I~ AT F OF RFVNOLilS NOKMAL ~TPFSSES !NriUOf'll 
T(l'l"fll PRI'>;~URF I 0 S <; !NCLlJDF.D ( FXPEP !MFNTH RC'>lJLT<;l 
PJ 0 NrT ~~A~<: TPAN<;F!Oil BFiWEF.N IIJNFR & O!ITFR tftVER<: 
NO Pll-ENTlAI t.OR!:' 

"' N 
1\) 

DIST nrL*~ r>T<;PN 3l''dU 2 [ dPT J n~'L•• rll~PN_ N s. c. CF (H0+2)~odU G0 dR0 N.S.C. CF (H,+2)~dU 
X ()IIT~n ~r,o ud""X pU2 dX m !NNFP r.OI OUTER OllTFR U dx Ro (iX'" INNER INNER U dx 

0. 5 (I ("l ·'0/; t,oro .,, (,191\ -o I~ ~~ 7 I) 1;99 11 no22 11.00 1)2 0.00337 -o o 1 1 o 0.00071 (\.0002 0.00343 -0.0112 
1.(10 I) 1(14 " 11 n _. 3 -o U19? -o lil~? 0- 1 09 11. oo2n 0.000:2 0.00315 -o 011 0 0.00078 0.0002 ll.•)0321 -0.0115 
~ . 51J ~ ': i) ·' ~n;? - (J o?. ;> -o UIIS? 0.110 .1.0il29 O.'l003 0.00294 -o 01 ', 8 0.0"0115 0.fl0113 11.00301 -0.0117 
2.00 ~. '2? I' I (l f~ Q •n ,)1 \'7 -u 0 •·6? 0 1 2o (l (111~?. o.nuo3 O.ll0274 •I) 01~9 0 ono9i? 0.00113 0.00282 -0.0124 
2.50 n 1-. 

-~ " 
,, I) 3 2 •(J O?t n -o O•to6 0 1 38 () 11035 0. 0 I) 0 4 0.0025~ "0 01 2-s 0.00100 0.0004 0,00.164 ·0.0129 

3.00 (\ 1 30 'I I' (• •') ~~ -,1 n?,Jf, •0 0 ') 7 ,, 0 1 411 0.00'l;7 0.0004 0.00237 -o 0130 0 00107 0.0004 0.00<!47 -0.0130 
3.50 r 14!1 •I I•( jll •r. 02·J? •() 11"74 () 1 ~;.; il n ,) ";9 0.11005 0.00220 -o 01 '1 0.00114 0.0004 0.00231 •0.1)133 
4.1l(J (l . 1 5 (, 11 ()~158 •I) t.l 'j j I) -o 0'1/7 11 l67 (l () 0 41 0.0D06 0 00204 -o 01 12 0.00121 11.00(15 0.0021A -0.11136 
4.50 1).1o/• •)(1 :~" •(l 01 \17 -d Ol1df: 0 '77 I) Oil 42 0.0006 n.O'l18!l •(I 01~4 0.001211 0.01)()5 0 OOlll1 ·0.0159 
5.1)0 0 1?? I • f' '? "! -p {1 1'1 9 :'i •I) 11 '8~ 0 11!1; ()_()044 0.0007 0.00174 -n OH4 0 00135 0.0006 0.0011!8 •0.0141 
5. 5 (I () ., (1(1 t• p ... '? -o (11 (jO •I) Oflil~ 0 19~ n 11045 0 11008 11.01}161 -o 0134 0 001 41 0.0007 I'). 00175 ·0.0143 
6.00 A 1 () 7 (' () 43 ~n (11 (St. -o ·JPIJ7 o.zn~ 0 ()1)4(, O.l"l008 (I 1)0148 -o 01'14 o.ofl147 0.0007 0.00163 -0.0144 
6.5(1 I) ~ 91~ '· 'lf'-4 -(, (• 19' -o ':<'8(/ (J 213 () 0047 1\.A(\119 I) (10136 •0.0144 0_1\0153 0.0008 .,_,0153 -0.013~ 
7. f•0 o~ 2n-- ' rd)4 'i •q n 1 ? R -o Ol"9" 0 222 (l 004il 0 0 011 1}.0012~ -o 01 ,s 0 0(\ 1 59 0.001)8 o.no14<' -o. 0140 
7,50 (1 ;? I J {1 ' L I) 11.6 -11 1\1?'? .. \) 1' •19 ~ o.2'" fl.l"l049 O.A011 0.00114 -o _ 0134 0.11•1165 0.0009 o.non3 -0.0140 
8. 0 () 0 ? ~ '~ ·' ()!1<.6 -o (.11,'; •0 d f\(J? 0 2"l)~ I) 01]49 0.0012 0 00104 -o 01 31 0.00170 0.0010 1),00124 •0.0140 
8. 5IJ n.~?.1 ~·r'4lS ... tl1 Sil -',} •)•\9? 

(I. 2 ''" I) Oil 50 O.ll014 0.0009~ •IJ 01 29 0 (11\175 0.0010 0.00115 -0.0140 
9.00 0.2211 .. !H14f.. -I • 01 51 •11 ;'lll9:' n.2~4 0 /]1)~1) () l"l015 0.001186 -o 012~ 0 nn1RO IJ.OIJ11 ll.00107 -0.0139 
9.50 /\"?;;~ f (10/~? -o 0150 ~o l]••C)? 0 ?611 0 ()())1' ll.IJ017 0.00077 -o 01 3 5 0.1)()185 0.0010 ll.00101 -0.0125 

1 r'. on n 2 t,i. ( f h7 •(\ f) 1 ~ ~ .I) fjl){}? 0 267 1\ 111)S:l (\ 0019 0 1)01\1)9 .() 0126 0 1)0100 0.0011 0.00095 -0.1;124 



TABLE A27-7 

0.75; PNE 

PREDI~T!OH 0~ ANNULAR D!~FUqER PERFORMANCE 

WALL ANGi~S OUTEP= 10.000 nFGRFES ,INNFR= 0,000 DEGRFF~ 
PllrT RAil!! OIJTE-R= 6 13 TNq ,TNNr~= 5.00 IN~. 
IJT • F i I~ ER lW N n Hl ~ "l S T 011 A l = 5 0 

'>HAD" PARht1FiFP.~. OUTFR WALl= 1. 485 !I>INFf~ ~IALI = 1, 397 
'l'H1P,TUI1 THICK<~ES~. QIITER IJAIL= 0.07'3 ltJ<; !NNFR WALL= 0 0,<,9 INS 
·1 A X PH!~~ V Fl 0 C T r V= '13 7 4 0 0 FT I ~F. C 
RA [l! 1J S 0 F P () ~ T "( T 0 N 0 F ~~A. X l M ll11 V~ L 0 C IT V= 5 55 5 IN 5 • 

[) T q Hn THFTA HI THETA Ut~ FAN AREA LOSS CP 
Y. OIITr H I>JNFil UMAX RATIO COEFF 

1 on 1 . 53 \) ()i'8 1 . 1,3 . n.n?S D.Bo6 i 19 0.034 0 232 
1 ?5 1 . ~ f1 11 0~5 1 . 1.6 1\,!)i\(1 0.793 1 24 0 036 0 281 V 

1 ~0 1 . "''>: 0 oo I) 1 . ~0 n OR/; 0,779 1 29 0.(137 0 ~24 

' 7'~ 1.6R 0 IJQ "? 1.53 0. 0'12 0.766 1 34 0 039 I) ":62 

2 r.o 1 . 7 (, () 102 1 • !>? c.not~ 0.75~ I 39 0. 041 0 ~96 

2 ?~ 1 , ll n 0 "'r,g 1.hi) ll.1t\4 11.731\ , 44 O.'l43 I) 425 
;;> 5n 1. t;? c 114 ~ .f.4 n. 1 \;Q 0.725 , 50 O.ll45 1\ 1.. 51 

2 75 1. rn 0 'i ?0, 1 • {,8 I) 1 'I <; 0.711 , St; 0 04!1 0 474 
3 c;n 2.01 '·' 125 ~ . 71 0.1?0 0.697 1 61) n osn 0 494 
3 25 2. 1)11 0 ~ 3, 1 • 7 5 n. p<; 0.683 1 65 0.053 0 '511 

~ sn 2. 1"' V ~ 3 () 1 . 78 11.1311 0.670 ' ?1 11,056 () 527 • 

' ;·s 2.?.5 <: ' 41 1 • ll2 ll.134 0.656 1 76 n.057 I) c; 41 
4 Oil ?. . ·~ ~ J 1 t~ (, 1 . 35 0 n~ 0.642 ·, 81 I) 060 (l ~~3 

4 ?~ 2. [,{, <) ~ !; 0 1 • p?. {\ 142 0.629 1 87 0.06'11 IJ c;,r,:>; 

4 ~ ,, 2.~5 \1 1 '55 1 • Q 1 0.11.~ 0.616 ' 92 0.065 I) '57? - ' 
4 ~· r; 2.t>5 0 ;~y 1 . <' 3 0.11.1\ 0.6il3 1 97 0,1)68 0 <;80 

5 I/ (l 2. "18 0 ':63 1 • () 5 1)_151 0.590 2 03 0.071 (\ sM 

\FOP A !JD TT I Of,H £lOUNDAOY lAVFR 1\ATA qFE 01/FRLFAFl 

RI~ A X 
IN~ 
5.576 
5. SO? 
5.6111 
5.6~il 
5.6SQ 
5.67P. 
5.691\ 
5.711-
5. ns 
5.7~~ 

5.770 
5.7115 
5.11()0 
5.81" 
5.8?7 
5. R ~Q 
5. 84R 



TABLE A27-8 

0.75, PNE 

PREDICTION 0~ ANNULAR Dl~FUSFR PER~ORMANrE 

CAOO!TJI'lNAL BOU!IID~RV LAV!'R OATA) 

THEOrETICAL AS<:UMPTtON<; 

liE LOrt TV PRll~ll E - P0 1JFR LAW 
~Kt tJ FP!CTION COB~ICIENT - LUDWIEG & TT I L~lANN 
r.STWATF 0~ RFVNOLilS NoRMAL <:T~ESSES !NCIUOFil 
TOTA I PR F ~ <:IJQ I' 1.0~~ INCLIJDFO (I'XPE~IMFNTAL R~~ULT~) 

~J 0 tJJ;T f·lA ~ ~ TQ~NSFFR Bf'( 14EEN 1 t.n.p; R ~ OIJTFR IAVFR<: ()' 
N 

"10 pnre~JTJAI CORE .j> 

DIST nr.L .... ll T <; P N • JS""du 2 [ dPT J nFL•* rJ!C:PN. N.S.C. CF (H 0 +2) 60 dU Sod Ro N.s.c. CF (H;+2).!J.!dU 

X OIITFil r~('l U dx pU2 dX m TNNFR cot ()IJTER OUT!=R u dx F?
0
d'X !NNE!l INNER U dx 

1 . 00 () . ., 31~ '} I< f•/.8 -n 0423 •I) ,, •l7~ 0 1 ~ ,, () Oll42 IJ.OOil9 0 00227 -() 0267 o.n0209 0.0006 0.00262 -0.0250 
1 . 2 5 f).~ 43 ,, , J r: J t; -11 01.10 -u r, Ol.l n 0 139 0_0()~1) 0.11011 I) 002011 -o 021:>5 0 00224 0.0007 0.00245 -0.0243 
1 • 51) (1 1 52 ' •)01\3 -I) (,f, u ~ -n 0''84 (J 1/.il (\ 00~6 0."~13 1)_00190 .,, oz,.,~ 0 00241l 0.0008 0 OOl29 -O.C248 
1 . 7 5 1\ 1(\ll ,, 

(Jitl\0 -() (•1<11. •<J 1)1'/l/1 0 1 5 ., I).~IJ62 1)_(1()15 ()_1)017~ -o 02611 O.Of\2'5'5 0.0009 0. 00213 •0.0246 
2.00 0 169 :, 1)074 •\} 11~37 -o ,j (jQ ~ 0 166 0.00(,7 (),()017 0.00157 -o 02611 o.on2?0 0.0010 0.00199 -0.0248 
2.25 I) 177 I 1179 -o (1':71 -~· 

1\1)91. 0 175 (1_0071 0.002<) 0 00142 -o 02611 0 ()02114 0.0011 I) 0018.4 -0.0241 
2.50 () ,il5 ': •)1\.-l?. -o u~~(; - \l (Jf.t;{) 0 11!3 1\_()075 r.no22 0 00127 -o o26£, 0.1)0299 1\.0012 /'1.00173 -0.0242 
2.75 0.19~ ., .; () k 5 -r, o3~t;> -o "' '17 n. 1 9 ·, f\.0077 f\.()026 0.00114 •(I 0260 o.of\312 0.0013 0.00162 -0.0232 
3. 0 (l 0.200 '> l>'llill .,, t<~<'> -,, C <'9 R () 199 I)_ 0 111ltl n. oc•29 f\.00101 -o.o2s3 0.00326 0.0014 0.00151 -0.0?31 
3.25 () 2o7 'I ( (I ;-.,Q -o (•297 _, :) 1,90 0 2nl\ n.Otlfl1 0.0034 3 00089 _,, ot:4o n.oo338 0.0014 0.0011.2 •0.0215 
3 so 1\.214 •I ltll'l1 -(, (J 28? -I) () 1\9 0 o.2n 0.0()115 1'.00'1:7 () OOn79 -,~ o2-.;R 0 nn3So 0.0015 0.00133 •0.0214 
3.75 0_:'20 ,, (. (\ 1,1 ?. •(\ (I ?87 -o 01\9() 0 21!l n OO!l3 o.n043 n.OOI\69 •() 0241 o.nn362 0.0014 0.00125 •0,0189 
4.1lP (l ?.?6 ' t qc.;?. -o c? 5 ,, •I) r; nQ r. 0 224 •1. 0084 1'."048 !'_001)59 •<1 oz 21 1)_1)(1373 0.001S '1.0011?- -0.0187 
4.?5 ,, 23 1 'I 1/ ('1,1? •(\ 0?.,s -:J (1 "9? 0 23o n.0·184 0,1\C~Z n.oon51 -o o2 .. ~ 0.0~3~3 0.0016 n.l)0111 -0.0185 
4 5I} () 2:;7 t) ( <, 7 -o o;:>·, 1 -o 0096 () 235 n.OO!l/, 0.0062 0.00044 -:1 0198 0 1)0392 o.oon 11.00106 -0.0155 
4.75 fl.21.? t) u (l<;? • I) 018~ -o 0 (•C) 5 o.2~o O.OOi!l, (1.0067 0.00037 -o 01110 O.ll0401 0.0011. (). 00101 -0.0153 
5.1)1' I) 246 \1(\(1? .,, (11t.i! -a o(l•n 0 24?. .~ 0011~ o.no79 ''· 00031 -n 0168 0 0041 rl 0.0010 1).00098 -0.0123 



b2.5 

TABLE A27-9 

1.25, PNE 

PREDirTION Oi ANNULAR DIFFUSER P~RFORMANCE 

Dl~FUSER GEnHFTPV. 

~ALL AN~LES. nUT~P= 6,650 DFGREES .I~NER= 0,000 DEGREES 
lNL~T RADII. nU,ER= 6.15 INS. ,INNER= 5.00 INS, 
OIFFIJ!;tR tHlN l'lltiENSIONAL= 7.5 

INLET CO!JOITIONS !CALCUL~TIONS COMMENCE AT X= 1.250 INS.) 

SHAPE PARAilPTFRiL OUTER \!ALL= 1.501 INNER WALL= 1.404 
~OHFNTU~ TH!CvNrS~. OIJTER WALL= 0,074 INS.INNER WALL= 0.071 INS 
~AXIMIJH VPLnCTTV= 127.000 FT/.EC 
~ADIUS OF POSITION OF MAXIMUM VELOCITY= 5.566 INS, 

or•T Htl THETA HI THETA \ltiJ;AN AREA LOSS CD 
X OIJTPR INNFR Ui~AX RATIO COEFF 

1.'>1' 1 • 5 ~ 0.0'1'8 1 • 43 0.075 0.806 ,_ 19 0.033 0.2'!5 
1 . 75 1. ~7 O.OP.2 1. 45 0.079 0. 797 1. 23 0.034 0.:>68 
2.00 1 • ,, 0 O.Oilri 1. (, 7 o. 01n 0. 738 1 . 26 0.036 0. 297 
2.25 1 • 6 ~ 0 ()0 0 1 . 49 0.086 0. 779 1. 29 0.03R 0.~25 
2.50 1 • "7 0. 004 1. 5?. 0.090 o. 771 1. 33 0.040 0. H9 
2 75 1. 70 0 OQ8 1. 54 0.094 0.762 1 . 36 0.042 0.~1'2 
~ 00 1. 74 0 102 1,56 0.098 0.753 1 • 39 0.044 0.~94 
3.?.5 1 • 71) 0 106 1. 59 0. 1 0 2 0,744 1. 43 0.045 0. 413 
3.50 1 •. i? 0. 110 1 . (, 1 0.106 0.735 1 . 46 0.047 0. 431 
3 75 1 • ;;6 0 113 1 . 6 3 0. , 09 0.?26 1 . 49 0.049 0.447 
4 0(1 1 • C) 1 0 1H 1. 66 0.113 0.717 1 . 53 0.051 0.463 
4 ?5 1 • () 5 0 P1 1 . 6 )j 0. 11 6 0.708 1. 56 0.052 O.t.78 
4 5 (I 2.00 0- 1 2 4 1 . 7 0 0.120 0.700 1 . 6 0 0.054 0. 49, 
4.75 2.n'i 0 1 2 rl 1. 7?. 0.123 0.691 1. 63 0.056 0.503 
s.oo 2. 1 0 0- 1 31 1 .. , 5 0.126 0.61!2 1. 67 0.058 0.~13 
'i.25 2. 1 5 0 135 1.77 0.129 0.673 1. 70 0.060 0.~24 
S.'iO 2.21 0_ 118 1. 79 0 .132 0. 665 1. 74 0.062 0.533 
5.75 2,26 0 141 1 • 81 0.135 0.656 1.77 0.064 0.542 
6.00 2,'12 0 144 1. 83 0.138 0.647 1. 81 0.066 0. 5 49 
6.25 2."'.8 0 14a 1 . 8 5 0., 40 0.639 1. 84 0.067 0.~57 
6 50 2,c.5 0 1 lj 1 1. R6 0.14 ~ 0.630 1. 88 0.069 0.564 
6.75 2. 51 0. 154 1. RR 0. 1 4 5 0.622 1. 92 0.071 0.570 
7.00 2,58 0-156 1. 90 0. 14 7 0. 61 4 1 . 9 5 0,074 0.~75 
7 ?~ 2,6'i 0 1 ~~~ 1. 91 0.149 0.605 1 . 99 0.074 0. 58, 
7 50 2.7~ 0 11i2 1.92 0.150 0. 597 2.02 0.076 0.~85 

(~OR ADD !T!MlAL !lOIJNDAKV LA VER !lATA SEE OVERLFAFl 

RMAX 
INS 
5.580 
5.5Q4 
5.608 
s: 6,1 
5.635 
5. 64Q 
5."6112 
5.675 
5.689 
5.702 
5."714 
5.726 
5. 738 
5."750 
5.762 
5. 773 
5. 7114 
5.794 
S.AOS 
5.1<14 
5.822 
5. R 31 
5.!!40 
5,847 
5.?.53 



TABLE A27-10 

1.25, PNE 

PREDICTION OF ANNULAR DIFFUSFR PERFORMANCE 

CAilDIT!ONAL BOUNDARV LA VER DATA) 

THEORETICAL AS~Ut1PT!0NS 

IIFLOCITV PROFILE " POWER LAW 
<;KIN FRICTION COEFFICIENT - LUDWIEG & Tl LLfiANN 
F S T tr1A T F OF REVNOLDS NOR~AL STRFSSES INCLUDED 
TOTAL PRFSSIJRF. LOS~ !NCLIIDED (EXPERIMENTAL RESULTS) 
'JO NET t-1 AS~ TRANSFER BETWEEN INNER & OUTFR LAVERS 
NO POTEtJT I AL Cl'lRE 

DIST DEL** ll!SPN. 35"ou 2 [d~] iiEL** DISPN. N.S.C. CF (Ho-t- 2)JZodU 6 0 dR0 N.s.e. CF (H, +2)_Q,dU 
X OUTFR r.oo U dx ;OU2 d)( m !NNFR CD! OUTER OUHR U dx R0 dx INNER INNER Udx 

1 . 50 o. n4 0 0023 -o.026Q •0.0076 0.130 0.0021 0.0007 0.00230 •0.0175 0.00141 0.0004 0,00268 .. o.0158 
1 . 7 5 0.14•1 0 0026 -o. 0271 •0.0079 0.136 0.00~4 0.0007 0.00217 ·0.'0179 0.00148 o.ooos 0.00256 .. o.0163 

(l' 

2.00 0. 1 41. 0 00?.9 •o.02o8 •0.0082 0. 1 4? 0.0026 0.0008 0.00204 •0.0180 0.00155 a.ooo5 0.00245 -0,0166 N 

2.25 0. 1 51 0 00 ,, -0.0264 -o.onss 0. 149 0.0029 0.0009 0.00193 ~o.o1il1 0.0(\162 0.0006 0.00234 •0,0168 (l' 

2.50 0.157 0.0014 •o.0~5Q •0.0()87 0.155 0.0031 0.0009 0.00181 •0.0181 0.00168 0.0006 0,00224 .. o.o17o 
2,75 0. 1 A? o.oo:l6 •(1.0?.51, -o or.9 o 0. 1 61 O.OOB 0.0010 0.00170 .. o.o1ao 0.00175 0.0006 0,00214 .. o.o172 
3.00 0. 163 0 0038 -o.025~ -0.0092 0.166 0.00~5 0. 0011 0.00160 ~o.o184 0.001111 0,0007 0,00204 .,0,0166 
3.25 0. 1 '1~ 0.00")0 ~11.0?.50 -o o r9 3 0.1?? 0.0037 0.0012 0.00149 •0.0184 0.00187 0.0007 0,00196 .. 0,0163 
3.50 0., 79 O.Ofl41 •0.0?.1+~ •0_0095 0.178 ·o. 003il 0.0013 0.00140 -0.0182 0.00194 0,0008 0,00187 .. o.0169 
3.75 0.1?\1, O.CI042 ·u.023tS -o 0\196 \)., 83 0.0040 0.0014 0.00131 •0.0179 0.00199 0.0008 0.00179 •0. 0169 
4.00 0.1il0 0.1Hl43 •n.Oi'3R •0.01197 0. 189 0.0041 0.0016 0.00121 •0.0183 0.00205 0.0008 0.00171 •0,0158 
4. 2 5 0.104 0 004~ •0.0?.3(1 •0.0098 0. 19 4 0.0042 0.0017 0.00113 •0.0181 0.00211 0.0008 0.00164 .. o,o159 
4.50 0. 1 Q9 0 0045 ·<1.0?2? •0_01)9Q 0. 1 QQ 0.0042 0.0019 0.00104 •0.01?7 0. 00217 0.0009 0.00157 .. o.0159 
4.75 0. 2(,3 0.0046 "0.0::?13 -n. O·J9o 0.?04 0.0043 0,0020 0.00097 -o.'0174 0.00222 O,OOOQ 0,00151 .. o,0159 
5. 0 0 o.2r,l\ (, '10 4 7 ·o.O?tl4 •O.J009 0.208 0.0044 0.0021 0.00090 •0.0169 0.00227 0.0010 0.00144 .. o.o1s9 
5.25 0. 21? 0 0 0 '· 7 •1).0196 -o 0090 1),?13 0.0045 0.0025 0.00082 •0.0166 0.00232 0.0009 0.00139 .. o. 0142 
5.50 0.?.17 0.0043 •tl.01'!11 -o 009Q 0. 217 0.0045 0.0026 0.00075 -0.'0168 0.00238 0.0009 0, 00134 .. o.0142 
5,75 0. 2 ?1 0.0048 -0.0135 -0.0090 0.221 0.0045 0.0028 0.00069 -0.0163 0.00243 0.0009 0.00129 .. o.0142 
6.00 0. 2?<; () t) I) 40 •f\.017~ -o 0 09 8 0. 2?5 0.0046 0.0029 0.00063 •0.0157 0.0024? 0.0010 0.00124 .. o.o141 
6.25 0. /?8 0 0 0 40 "0.0171 -(,_0098 0.2?8 0.00411 0.0034 0.00057 •0.0156 0.00251 0.0008 0.00120 .. o.o122 
6.50 0.23?. () '· t) 40 •<J.016~ -0.01)97 0.232 0.0046 0.0036 0.00052 •0.0152 0.00256 0.0009 0,00117 .. o.0122 
6.75 0. ?."~A 0.•1040 •{,.015? •0.0091. 0.235 0.0046 0.0038 0.00047 -0.0144 0.00260 0.0009 0,00113 •0,0122 
7,00 0.239 ~ 0049 .,,_014'? -o 0095 0.2;8 0.0046 0.0040 0.00042 •0.0137 0.00264 0.0009 0,00110 .. o.o121 
7.25 0.2t.? ,) ,]040 •ti.014Q -o 009 5 0.?41 0.0046 0.0046 0. OOOH •0.'0147 0.00268 0.0007 0.00107 .. o.oo9a 
7. 5 [) 0.24f> (, fd)/+Q -0.01?./l -o_J09t.. n.243 0.0046 0.0049 0.000~4 •0.0129 0.00271 0.0007 0.00105 .. o.oo98 



b27 

TABLE A27-11 

1.0, PNE 

PR~DlrTIDN 0~ ANNULAR DIFFUSER PERFORMANC~ 

DI~FUSER G~OHFT~V. 

WALL ANGIPS. OIITER= 5.000 DE~R~ES ,INNER~ 0.000 DEGREE~ 
INLET RADII. OUTER= 6.09 INS. ,INNER= 5,00 IN~. 
DIFFUSER N04 DINENSIONAL= 10.0 

ltJLFT CO:IT>ITIONS tCALClJLATIDNS COMI~i;NCE AT X= 1,000 INS.) 

>HAPF PAP-AIIF fF~~. OUTFR WALL= 1. 302 INNER WALL= 1 ,359 
'IOiiE:nUII TH!CKNFS~. OUTER WALL:: 0,060 INS. INNF~ WALL= 0.0611 INS 
·~A X I 'i I Jt1 V r.L i'l C TT V= 1 31 . 0 0 0 FT I ~ F. C 
I! An IllS 0 r. P ll 3 TT I 0 ~~ 0 F 11 A X !I~ U 11 V F.L 0 C I TV c 5 , 56 0 I N S , 

1TST Hn THETA - H I THFTA UHF. AN AREA LOSS CP 
)( OIITFR HJIJ F R lJMAX RATIO COEFF 

. 

1 50 1. L3 0.066 1 . ~9 0.071 O.A:SO 1 . 14 0.022 0. 1 9 8 
2 .;o 1 . /, 7 0 071 1. 4?. 0,071! 0.1118 1 . 19 0.026 0.~52 
2.50 1. S1 ;; 0?7 1. 45 0,084 0.805 1 . 2 4 0.029 0.~00 
3 lj{) 1 • ~ ~ 0 01\2 1. 49 0. 090 0.?93 1 . 29 0.029 0.~44 
3 so 1 • ,., 0 i) I) R ll 1 . 5? 0.006 0,?81 1. 34 0.031 o.~ll3 
4 <iO 1 • 1\ ~ 0 \)Q 3 1,56 0.1o3 0.?69 1 . 39 0.035 0.415 
4.50 1 • (,Q 0 0% 1. ~Q 0. 1 09 0.757 1 . 44 0.036 0.447 
5 00 1 • "/4 0 104 1. 63 0. 11 5 0.?44 1 . 49 0.040 0.472 
5 r;o 1. rlO 0 109 1.66 0.121 0.?32 1 . 55 0. 041 0.497 
6 no 1 • ·~ ~ 0 11 4 1. '7<1 0.127 0. ?20 ., . 6 0 0.044 O.'i18 
6 50 1 • () 1 0 1 1 9 1. 74 0.133 O.?OA 1 . 65 0.046 0.537 
7 ,, (j 1 , C? 0. "124 1. 77 0.138 0.696 1 . 70 0.049 0.554 
?.50 ?.01 0 129 1 . 81 0. 1 4 4 0.684 1 . 76 0.052 0.569 
8 on 2. 1 0 () 134 1.115 0. 149 0. 673 1 . 111 0.055 0.~82 
8 50 2 .1? 0 na 1 . i\ll 0. 1 54 0,61\1 1. 86 0.05'7 o.c;9S 
9• no 2.24 0 143 1 . 91 0. 159 0. 649 1 . 9 2 0.0~9 0.606 
9' 50 2. -~ 2 ,) 1 4 7 1. Q 5 !1.164 0,638 1 . 9 7 0,061 0.1\16 

10 on 2,30 0 1 51 1 . 0 3 0. 16 8 0,627 2.02 0.064 0.625 

(~()p A D 0 I T I n iH L BOUNDARY LAVF.R DATA SEE OVERLEAF) 

RMAX 
INS 
5.~A2 

5.605 
~.628 

5.650 
5,672 
5.695 
5.?17 
5. 7W 
5.'760 
5.'7111 
5.802 
5.8?3 
5,!\44 
S.'At.:< 
5.Ril:S 
5.900 
5,918 
5.9~6 



TABLE A27-12 

1.0, PNE 

PREDICTION OF ANNULAR DIFFUSFR PERFORMANr.E 

(Aili\ITIONAL AOUNDARV LAYER DATA> 

THEORETICAL AS~UMPT!ONS 

VFLOCITV PR On LE ~ POWER lAW 
~KIN FRICTION COEFFICIENT ~ LUDWIEG & Tll LMANN 
FSTIMATI' OF REVNOLDS NORMAL ~TRESSF.S INClUDED 
TOTAL PRF.SSIJRF. LOS~ tNCLIJDED (EXPERIMENTAL RESULTS) 
NO NI' T l•l ASS TRANSFFR BETWEEN INNER & OIJTF R LAVE~S Cl' 
NO POTENTIAL COR F. N' 

():> 

DIST DEL•* ~ISPN. 3S"'du 2 [dP.J llF.L** ll!SPN. N.S.C. CF (H,+2) e,dU 90 dR, N.s.c. CF (H,+2)~dU 
X OUTFR r.no uCiX pU 2 dX m !NNFR CD! OUTER OUTF.R Udx Rodx INNER I'Hl ER U dx 

1. so 0.11'· () () 0111 ~o.0196 -o 00()4 0.125 0.0018 0.0003 0.00279 -0--0117 0.00086 0.0003 0.00287 .. o.0125 
2,00 0 .1?> 0 0 (\ ?1 •0.0194 -o 01169 0.1~5 0,0()7.2 0.0004 0.00259 -0.0119 0,00094 0,0003 0,00268 .. o,0130 
2. 50 o. 111 V :• on. ·i·. 0196 -o 0•174 0. 1 45 0.0()25 0.0004 0.00240 •0.0124 0.00101 0.0004 0.00250 -0,0134 
3.00 0. 1 3(") 0.00<:7 -0.020~ •0 0078 0.155 0.0028 0.0005 0.00223 •0. 0131 0.00108 0.0004 o. 00234 •0,0135 
3. 50 0.14il O.IJr,;;o "0.01°11 -o 0081 0. 1 6 5 0.00~0 0.0005 0.00206 .. o. 0131 0.00115 0,0005 0,00219 .. o. 0138 
4.00 0.1';5 n 1)031 -o.,J1ii6 -'l.0085 0.175 O.OilB 0.0006 0. 00190 -0.0126 0.00122 0.0005 0.00204 oo0,0145 
4.50 0.16~ 0 ,, n :' 3 •rJ.v2u1 -o 008f! 0.1134 0.00~5 0.0007 0. 0017'5 •0."0139 0. 00123 0.0006 0.00191 •0,0141 
5.00 0. 1 71 0 0035 •(l,017'l •0_0090 0. 19 3 0. OOH 0.0008 0.00161 •0.0127 0.00135 0,0007 0,00178 .. o,0147 ' 

' . ' 

5. 50 0.1i'il 0_0036 •0.01811 •0.0093 0.20? 0.0038 0.0009 0.0014? •0.01~6 0. 00141 0,0007 0.00167 .. o.o138 
6.00 0.1M l).oo-~7 -o.J171l -o. ooo4 0.? 1 1 O.OOW 0.0010 0.00134 •0.0133 0.00147 0.0007 0.00156 .. 0.0142 
6. 5 •) 0. 191 0. i)O ~~~ •{>. 017(. -o. •1096 0.?19 0.0040 0.0011 0.00122 •0.0134 0.00153 0.0008 0.00146 .. o.0142 
7.00 0. 1 oo 0 r;n30 •0.01<'>0 •0.0097 0.228 0.0041 0.0012 0.00111 •0.0132 0.00159 0.0009 0.00136 .. o,0143 
7.50 0.2i>5 0 \jt,40 •0.016? -u Oll97 0.2~6 0.0042 0.0013 0.00101 •0.0129 0.00164 0.0009 0.00127 .. o.0143 
a.oo 0. ', ~ ,, Q040 -•i.0154 -o 00'17 0.21.~ 0.0043 0.0015 0.00090 ~0.0126 0.00169 0.0009 0.00119 •0,0135 
8.50 0.21A 0 ()040 -0.015, •0.0097 0. 2 51 0.0044 0.0016 0.00081 •0.0127 0.00175 0,0010 0.00112 .. o,0135 
9,0() 0. 2?> J.0041 ~I>. G 1 4 7 •0.0097 li.257 0.0044 0.0019 0.00072 ~o_o126 0.00179 0.0009 0.00105 .. o.o1z.s 
9.50 n. no ,) J041 -0.014(1 -0_0096 0,264 0.0044 0.0020 0.00064 •0.0123 0.00184 0.0010 0,00099 .. o.o125 

10.00 0. ~ ~'· :l fJ('/-;.1 ·.>.0131 -o_Oi'95 o.2i'•l 0.0044 0.0022 o.ooos? •tl.. 0118 0.00189 0.0010 0.00093 -0.0125 
-- -- - --



Appendix 28 

Computer Programme 

Coles Law Prediction Nethod 
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c APPE!HliX 28 

c PRtl!illA'111~ IJASCf> ON COLF.S VELOCITY PROFILE EQI!AT!MI 

COIHIE!JT**PRI:Dir.Tl<l"l OF flOtJI;DARV LAYER PROFILES HI All t.NiiUI.A~ D!FFIISER 

CXXXXXTH!S PR•l(j~A·t q1,pTS IJITH Kf10Wtl INLET r,O,IDITIOII~ AIID CALCULATES THF 
C VARIAT!•)tl ()~ T!lr sH .. PF PARAIIFTER ON t'I~FR AND OUTER IJALLS IN A 
C STEp nv STEP r.At C:lll>\TIOII ALON(j rHr LFNGTH OF THF fli FFUSFR 
CXXXXXfiARtJINGXXXX!T !<; ASSl!lli'D TIIAT rULLV nFVFLOP[D HO~I I'> PRFSENT AT 
C D l F Fll S F.ll I 'J I FT !. f , t>Q P 0 Tr !J T I A L C 0 R F t X ! S H 
CXXXXXItJIIER A ID rJIJTrR I AVfRS /IRF. AIJALVSF.D ~FPARATELV ON THF. ASSimPION 
C Tf!AT llrJ t~rT 11~~<; TRAfiS~rR THF.S PLACF • THF. IIHJER Afln OUTER LAVrRS 
C ARE flATr.!lrD Ar THE PC'SlTIOf; OF IIAXII'IH\ VELOCITY SIIJC:!' THE IIAX, 
C IJ EL 0 C I TV !fJ 1: A C •I LA V ER fillS T RE T 11 E SA 11 F 

D trl ENS In 11 F C 1 tl , 1 0) , l ( Q) , RP I ( 6 0) , 7.7 I C I\ (l) 
D nt [ N S I• HI X !1 fJ n l , V ( 1 0 0) , A ( 1 0 , 1 I)) , IJ (Cl) , RP C 6 0) , D Cll F.L ((, 0) 
O!fi[NSitJII D~LTHI1(50), OISN0(50), ENr,RAnl50), DPTOX (50), OH THI (50) 
!ll 11 ENS Ill 11 n I <;'I! C 50) , <; 11 S T 0 ( ~ 0 l , C F 0 (50 l , G RA DD n (51)) , G E tlll P 0 (50) 
0 tr·1 b N S I•Jtl ~>I~ T I C ~ 0) , rF I ( <; 0) , r, RA I> PI ( <; 0) 
0 I ME tl S Ill 11 A RA C r, I) ) , l 0 g ( 50 l , r P A (50) , R 11 A (50) 
Oti1ENS!IIII Ai'flll~(r,O) ,DPTI1A(50) 
OJIIFNS!flll X~C<~Ol ,HuA(50l ,T!IFT0(50) ,HIAC50) ,TIII'Tt (511) ,Ut\~1/\(50) 
D I 11 E IJ S I • HI E ( 1 0 , 1 0 ) ' V ( 9 ) , D PT 0 X C ( 2 0 ) ' 11 A X ID C ( 2 0 l 
llEALLO<; 
REAL lrJ<;l!IT 
llEALLO~Cfl~ 
REALNDPTilX 
REAL 11JXLtil),l1tXL 

CXXXXX INPUT D1\TA 

C OCDE:L R. nP ARr THE VALIJES OF THf: r.ORRECT!rJN FAr.TOH APPLIED TO TIIF 
C R 0 IJ 11 D A RV LA V I' R T H I C K 11 E SS AND THE C 0 t F S FREe P A Q A ME Tr. R I IJ THE W A K F 
C FllNCTIMI 
C HAX!OC P. DPTflXr AllE TIIF IJALIIFS OF C11JTE~ IJALL SHAPF PARAIIFTFP AND 
C TOTAL P,lf''~ JRs: C.PADI~NT AT THf: PrJI 11T 0~ I~AX!Hll•l VELC,r.ITV IISlfl IN 
C THE COQQFLATJ.ltl OF TilE CXPfR!IIEtJTAl DATA 
C H01~SPEr.HIFO ~HAPr. PARAI•ETER Of OUH'R WALL LAVFR AT INLFT 
C H I 1 ~~PE f. IF 11= fl ~HA P r PAR i\11 r:T C R 0 F PI ~IF R W A l l LA V F R AT PI L FT 
C XLI!11 T~rllr IAX!IIIlll lll STi\NCt ALO!JG TIIF LFNGTH O; THE !JI FFUSF.R TO 
C IJHICII Till: C:Hflll ATIOtiS PROCEFD 
C CF1o~SI(T"l P~lrTIOIJ cnEntr.IF.'IT 0~ OUTER WALL L4VER /,T INLET 
C CF1!-SJ<TII F~trTtntl rnEnJC!E>JT OF I'J~FR IJALL LAYER AT ltJLET 
C R 0 1 ~ 0 UT I" R IJ H L ,, A lllll ~ AT I fJ L FT ( PI S ) 
C RH1~RADtllS OF Pn!fiT ilF !IAX!IIUII VFL0CJTV AT !fiLFT C!IJS) 
C R t1 ~Ill~ f R 11 H L •l A 0 ltJ S AT I IJ L FT ( PIS) 
C UH01-f1AXJ'IIl-l •lrtOC!TV OF OIITrR LAVf:R AT INLFT(n/SEC) 
C U!ii1•11AXI'ill I IIFLOC!TV OF !'lrlrR LAYER AT INLFT(S:OIIAL TO lJH01)FT/SFr 
C fNll~KitHIIAT!C III~Cf'l~JTV(~rHT/~ECl 
C OHAXI·Ar l•111ATll F oi~FFRE~ICE RFTWEFtl ACTUAL AND ~PF.C!f!F.D SHAPE 
C rARAJIETf'R~ AT IIILET 
C rCFINl•<;TFP I:YA•i!i[ !'I SKill FRICTIOII COFHICJFIIT REQII!wEr> IN 
C ITERATI•l'l P~OfFflii~C IISIII!i rOLES VrLOCITV PROnLr r,(liiATION 
C ORIIJIIT•<;TF~ C~A·Jc;E 14 RADII'S OF POitJT OF f1AXIffiill VELrJCITV R~OUJRFO 
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C I N IT E QAT I n >J PR 11 C E 0 I J !IF 
C 0~1-ALUliJAillF niFHrlFNCF RFTWFE'fJ L,H.~. R R,H,S. nF 110'1ENTIJII EON, 
C llUII-ALLiliJARI'E niFFtHF~JCE RFTWF.F14 IJHAX CALCULATFD FOR INNER f.I'JD 
C OUTER LAVrRq AT AI<Y qTAT!ON 
C NS·THE IJIJIIRF~ OF ELL11F.IJTAL STRIPS lJSFO IN THE NUMERICAL 
C UJT Et. RAT to fl 0 ~ T Hr V F L 0 C IT V PR 0 Fl lE T !1 11 ET ER M I N f: T H F fl 0 UN 0 A RV 
C I AVER P1\RAflfoTFR<; 
C COLEKO P, r.n1 FO " COtES VALIJF OF 0,4 
C COLECO ~ COIFC!. CtlLE' VALUE OF 5,1 
C nRDXO-TANnFwT OF 01lTER \JALL ANGLE 
C 'lRDXI-TAIJ'OrH OF PltJER WALL ANGLE 
C DX·sTLP L!'NGTH(!NS) 
C CD10•IN!T!AL IIALIJE OF O!SS!PAT!ON COFFFICIF.fJT (OIITF.P. \JALL Lt.VER) 
C C 01 I • I N I T I A L 11 A L 1J E fl ~ 0 I SS! PAT I 0 N C OF n I Cl F IJ V (I N N F' R IJ ALl LA V ER) 
C OPTt11·IriiTIH r.HADIENT OF TOTAL PRE<;<;URF AT POtrJT 01- t1AX!I-11JII 
C VELOCITY CRA<:FD ON INNER WALL LAVFRl 
C DPTIIO•!tiiTrAL !;~ADIENT OF TOTAL PRF.$~URE AT pO!fJT OF MAX!t1Ut1 
C VELOCITY CRA~~n ON OIJTER IIALL LAVFRl 
C IJALANO.,liJTf'R :JALL J\IJGLF(OF.nRF.ESl 
C WALANI•!IJ'jJ!Q 'IALL ,,!lGLr(nF.GRFF.Sl 
C D I F 110 L • 0 t F l= 'I~ F R N 0 tl. fl Ill ENS l \l N A l l PIG T H 
C XACT!ti.<;TATIO'l AT lllltCfl CALCULATION~ COIIHFtJr.E 
C C'PitlT-I!IITIAL 1/ALIJ!: OF CP1 IJ<;IJALLV ZFRO IINLF.S~ CALC11LA1'IONS START 
C DOWNSTRrAII '1F O!FFIISJ;R ltJLIT 
C PlllOSI•JII!TTAL TOTAL P~ESS 1 1RF LO~S AT POINT OF IIAXlrtiH1 VF.LOCITV 
C <ZERO LHJLF<;~ t:Al CII~ATIIltJ~ ~TART OOII!i<;TREAt1 OF ntFFIJSER INLET) 
C GA•G1,G?.r.3.n4,G5,G6,G7· COHTROL CARDS 

C * h ** I TE R AT I MI U !11 T <; 

C DUII=O.O~ FTI~FC (.\PPROX 0,05%) 
C flH"0.001 
C OHAxi=0_001 

992 

90 

993 

1 
4 
3 
5 
6 
7 
8 
9 

10 
11 
12 

REA0(1,r?O?) (1\P (I) t!=1 1 21) 
F0Rt!AT(~1 FO_O\ 
1lEAo<1,oOl cor.nncl),t:~1,21> 
FORttATC?.1F0.0) 
11 EA D (1 , 0 0 1) ( •I A X I 0 C (I ) , I = 1 1 1 2) 
F 0 R 11 AT ( 1 U 0 _ 0 l 
PEAD<1,o01) (~PTOXCCJl~I=1,12l 
RFAD<1 ,t,li101,tll1 ,X~IIIIT,CF10,CF1 I 
FORIIAT(C,Fil. t)l 

nEADC1 ,t,l~i'11 .RII1 ,RI1,U1~01 ,'JilJ1 
~ E AD ( 1 , (, l rfl rr , n H A X I , JJ C F I IJ T , I) R IH 'JT , tl 11 , 0 1J H · 
FORitAT((,FO.Ol 
READC1,i\l!it; 
FORtiAT (I ?.l 
REAo<1,10lC1LFKO,C0LrCO,C0LEKIICOLEC! 
FllllttAT (I,Ftl. r)l 
RE AD ( 1 , 1 ? l ll Q 0 I( 0, 0 R ~X! 1 0 X 
F 0 R 11 AT (1 F 0 • •ll 
REAo<1,11l)C)1tl,~n1 I ,OPTttOIDPT'11 

ITERAIION 

DM = 0.001 

DUM'= 0.050 

11304 
RE A 0 ( 1 •. 11 1]4) IJA L UJ 0 I 'I ALA IJ I I Ill F ~~ 0 l , X A~ T! " , c pIll T I RI-ll 0 sI 
FORIIAT(t,Fil. )l 

143 
~EAD<1,14~l r.A.r.1 ,G2,r.31G4,<15,Ci6,r,7 
FORIIAT (:Htl. fll 

LIMIIS 

t ~/sec 

c CURVEFIT FO~ t:ORRE~ATION OF DCOEL AND BP (SEE FIG, 5•6•?) 



11=0 
tt:O 
IJ0991 t:z1,~1 
N=N+1 
y (!) =DCnf:L( ll 

991 X(!)=llP(!) 
CALL CURV[P!T(N,X,Y,A,SA,W) 

{,31 

C CURVE FIT ~·1R CflRRELAT!OfJ Of EXPFRIIIENTAL VALUFS OF Tl'lTAL PRE:SSURF 
C GRADIE•n 4T TltF POitn OF I~AX!I1U11 VELOCITY 

N=O 
~0 994 t:•1 'i?. 
N = 11 + 1 
V (I) =DPTDXr. Cl l 

994 X(I)=H4Xlf1C(Il 
CALL CIJHV~FIT<N,XrY,F,SF,V) 

C•••••CALCIILATlnH l'lF INLCT VELOCITY PROFIL~ FOR SPECIFIED VALU~S OF 
C ~HAPE PARAiii;TFR~ 

C THE TE C IHII 0 .J F A llll PT C ll I S T () ASS IJ li F A V A L lJ F 0 F ~ K HI F ~ I C T I MI 
C COEFFICTf'IJT A'ID TO rlRTA!N TifF VALIJE OF THI' FREF PARAI·lFTER FRO>~ 
C THE llOIJIJflARV r.n•tn!T!Ofl~. THE LAYFR !<; THFN ~PL!T lip !fJTO r.LI'I10JTAL 
C ~TRIPS A~D IIITFGRATrn llttME~!CALLV TO ORTAIN THF nOUNDARY LAYER 
C PAR Al1 E TF R S • H T H F. <; P F. C I FI !' D V A L 1J E n F SHAPE PAR A 11 F Tr P. I S N 0 T • 
C I'IBTAIIIFO ~ ~F'J VAL 1JF OF ~Kill FP.!CTION CnFntCir.~IT I~ u;SUI1EO UNTIL 
C THE CORqErT VA[UF IS ORTAINED 

C*****OUT[R I.IALL 1!\0IINUAR\' LAYER 

N=Ns 
Fll=O, 
ro=o.o 

C C011pliTATl0'1 0~ HAXI IISIIIG COLES LAII 

C CALCIJLAT!QIJ 0~ HOll!lllARV COII!>ITIONS WITH NO CORQFCTtnN APPl!(D TO 
C R 0 U 11 D A RV LA V ER T 11 I r..; NESS 

29 R00T10=~QKTICP1n•0,5) 
X!l=O. 
IJTAU0=U 1 I01•RO•lT1 Cl 
!l1A:(COtE~0•0.5l/RnOT10 
r>ELC01 =t!01 ~QI11 
R 1 8 = , 5 * •llll ll C UTA 110 * ( I> r. L C 01 ) I ( FIW * 1 2 , ) l 
l\1 C:C0LE£'<l•r.11tEKn•0. ~ 
n1 =u1 A~n1 ·1~<11 r. 
Jf(GA.E11.1.1lr,O TO 1303 
B=G1 

c IN IJAKF. FUNCTICHI 

IF([l)61 ,61 ,')2 



h32. 

C REVI5EO A•liHrlhRY ClliiOITION~ WITH CORRECTION APPLIEO Tll BOUNDARY 
C LAYLR TII!CK~r~~ 

61 I>ELC01=0. ::\1 •fRil1 RR'l1) 
GO TO 1"~01 

62 CONT I NIJI: 
D F l IJ 0 P "lJ ( 1 l ,.ll ( 7) * Jl olo ll ( 3) * ( A** 2, ) + W ( 4) • ( R * * 3. ) otl.l ( 5 ) * ( 11 w • 4, ) • \.1 ( 6) * ( R * 

1 • 5 • ) + \.1 ( 7) • ( •1 ** ti • ) + 11 ( il) * ( A** 7. ) + W ( 9 ) * ( R u R , ) 
OE LC01 "flF I Ill) I> • ( >W1 ~r,.•1) 

3301 B1fi:(Cflt.f:Kfl••l.5l/RiluT10 
n 1 El= • 5 * r\ I.() r, I r I TA >1 Cl • ( 11 F l C 01 ) I (EN lJ •1 2 , l ) 
n1C=COi.~Cn•r.nlr-Kn•0,5 
R1 "ll1 ARn1 '1-r11 r. 
n=B1 

C FlJRTHEq RrV!~ION OP nOUNOA~Y CDIIPITIONS 

0 EL 1J 0 D ='I ( 1 ) +If ( ;> l * 119 r • (3) • ( n **?, ) + LJ ( 4) • ( A** 3. ) + W ( 5) * ( fl** 4, )+ W ( 6) • ( R * 
1 * 5 • ) + \1 ( '!\ • ( <> • • ti. ) + lJ ( i1) • (A** 7. ) + lH 9) * ( n ** R. l 

[lE l C Cl 1 = f> F. I IJ Ol 0 • ( lW 1 • V H 1 ) 
n1A=rCor.r~o.n_~l/ROnr1o 
fl1 B = . 5 • At. fl ~ ( 11 TA 110 • ( 1> F. L C 01 ) I ( E lllh 1 2, ) ) 
fl1 C:COLi'I:OhCOI.P~:o•O. ~ 
A 1 = fl1 A • n 1 >l• ~ 1 C 
B=ll1 
DEl 1J 0 D" 11 ( 1 ) + 11 ( ?l • [l -loll ( 3) * ( 11**? , ) + W ( 4) * ( R ** 3, ) + W ( 5 ) * ( R *'" 4 , ) + W ( 6) * ( R * 

1 * 5 • ) HI (1 l * ( q ** ti • ) +'I( <1) * ( R * w 7. ) + W ( Q) * ( fl• • R, ) 
DE Lco2 =n F L llrl 0 • ( ~o1•'f<!l1) 
~6ll1 =DEt C:'l?~oncn1 
w R I r 1 < 2 , 1 il 2 > oF L r. n 2 1 '' F L c o 1 1 11 

31\2 FORtrAT(r0.6,1,Y.,F0,6,4X,F10.6) 
OElC01 :nFLC1?, 

3303 nELCOL:nELC11 

C NIJMLRICAL I~TF~~ATitJN PROCEDURE 

RDEL0=Qil1-0etr.ClL 
I>RO=OELJ:OL/'~ 
RR0=R01-<~Ao•0.5) 
SUI111•0. 
SUfl?.1=0. 
Sllll31=0. 
~U1141=0. 
~UI151=0. 
SUI171=0.0 
SUII91=0.0 
0030.!:::1,11 
RAT I 0 1 ~ Q ~ • l/ ~ •11 
ni FR0=R•l1-RqO 
1110A•(IITAIIf1/C0LF K0l•Ali1G(liTAUO•DI FRO/ (ENU•12.) l 
ll1 0 fl::: UT .\I h 1* r. 0 L Fr. 0 
OISOND•(Q01-PR0l/DCLC0L 
I I A K I. 0 • R 1 * ( 1 • I r. n L p( 0) * ( 1 , • S Ill ( 3, 1 41 6 * ( n IS 0 N D • , 5) l ) *ll TA 110 
ll1 0 = 111 ()A+ >11 .111 + lJ A K [ Cl 
UND1 0=111 C)/11!01 
C 1 0" ( 1 • ·I I' I 0 10) * f> R 0 
n10=C1o.tlrn1n 
F.10:oC11hr!AT!01 
F10=F1o.rl.rn1n 
F.NDo=UtJn1 •1• ntn1o 
FN20=U1 O•IJ1'l*ol1o•ORn•HRO•f>, ?1\34 



633 

G10=<1.~r,Jil1)•1liill10•RAT!01•f>RO 
Q 0" 2 • * ) . 1 /, 1 7 * R R ll * !) '1 lh• U I~ 0 1 •l! IJ 0 1 0 
SUI111"'S'J111 1 •C1 0 
SUI121 =~11>1:'1 +~1 0 
~UI-131 =~11:1)1 +F1 0 

~ lH141 = ~ 1111 .. 1 .. ~ 1 () 
~UI1S1 =~1111<;1 +<;1 n 
SU/171 "~1111?1 +F>i?O 
sUfl91=~t11191 +Qo 

30 RR0=RRO~~QI1 
H2Do1 '";11!111/~\Jrl?1 
HAX!01 :r<;IJ•I31/~lJI141 

EN 2 0" S IJ' I 71 + <3 . 1 41 7 * ( IJII 01 ** 1 • ) * ( ( R 0 EL 0 H 2 • ) " ( R 111 u 2 , ) ) ) 
U UTI A X 0 = 1 . ~ { ~ . "R o 1 • ~ 111131 I ( ( P. tJ1 * * 2 , ) " ( R '11 **?, ) ) ) 

C Uli11AX0~Ri\Tl·1 eH IIE.\ti TO MAXII-IIH1 VELOC!TV IN OUTER WALL LAVER 

lJtlF.AN0:r:JII'l1 •IIIJIIAXO 
F L 0110 =I ill F. •• 'l'"l * ( C R 01 ** 7 , ) ~ ( f! 111 * * 2 • ) ) 

C FtOuO~VOI.tJIIF ~LOll !11 OUTER l/ALL LAVE~ 

\J RITE ( ' , 7 7) .J 11'1 h X 0, Ill' EA IJ 0, ll" 01 , F L 0110 
77 FORI1AT(Fti.>,4X,FR,J,4X,FR,3,4X,F1?.,';) 

S1 01 =IIAX1f11 ~Htl1 
liRlTEC2.?:'11lr.~10,lL\XI01 ,S101 ,H2tlrl1 ,OfLIIOI\,R1 ,~UI441 

2 71 1 F 0 R 11 AT (FO • I, , 4 X , r. Cl , 6, 4 X, F 9 , 6 , 4 X, F Q , 6 , f, X, F Q , 6 , 4 X , F Q , 5 , 4 X, F 9 , 6) 
S102=An~C~1~1l•hHAX! 

C CHECK Tll ~I'F IIAXI01 !S \/JTH!IJ LIMITS 

!f(S102))';,~5,1CIO 

C ITERAT!•1fl t'~Ori'~IIRE TO OnTAPJ THE CORRFCT VALIJF OF SKIN FRICTION 
C COEFFIClf.'JT (~lfAPE PARAIIEHil) 

399 EEl"E0•1. 
FC"ER-2. 
EE"Efl-~. 
IF ( EC:) 400, l.J1, 4•11 

C A FT ER 1>1 IT I 4L A TT E 11 PT ~ E F 0 S Ill A S T FP CHANGE A 11 D S T 0 RES Ill I T V Al tJ 
400 s121=S1'l1 

<;122:;CF10 
CF1o=CF10~(Z.•nCFI~T) 
r,o TO 20 

C !TERAT!<ltl APFR JIJITIAL SHP CHANGE 
401 IF(EF)4,J2,414,4o4 

C HAS ~IGtJ C:4~JI~Fn AFTER STEP CHANG~ 
402 tF<S1)1l4n~.1~,400 
403 TF(S1?1)1,,1,,~~.407 

C TRANSFFR rn 40~ !II~!CATE<; llrl CHANGE ROTH VALUE<; NEGATIVE 
406 s1 113=,\'lc; c<.1 ~1 1 

S1 04=AR;(<;1 ~1 1 
c;1 os,s1 .n-<:1 04 
s 1 0 6 = c ~ 11) ~ ~, ? ;> 
s 11) 7" s 1 t) {,f <; 1 (l <; 
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C <;T0RAG!! OF VlltiiFS q[lllJIR!!O I~ SIGil CHANGE OCCURS 
s1Ull=S101 
S109=C~10 
t> C F = ~ 1 21 • q 1•17 
CF1o=S12?.•nr.F 
c;O TO ~o 

C TRIIN~rER TO 407 INDICATES SIGN CHAIIG~ ~TO• DURING STEP CHANGE 
407 S131=AR~(~111) 

s 132=Arl<; ( <; 1 ~1) 
q133=<;111+<;1~? 

S134"C~11l·<:1?? 
s 13S=S 1 V• I<; n' 
S10J=S101 
S100:CF10 
r>CF:S1 '3">•<:111 
c F1 o=C ~~ o .. nr.~ 
1.0 TO ;?O 

4 09 I F( S 1 ? 1 l 41 () , 1 ~ , 41 1 
C TRANSFF~ rn 410 I!I~ICATES SIGil CHANr.E RTO+ DUR!IIG STEP CHANGE 

410 <;141=AA<;(<;1a1l 
S14?=AR~(<;1 ?1 l 
S143,5141 +f,11•i' 
S144=C~111·<;1?2 
<;1Uil=S101 
S10<l=CF10 
s145=S1 44/<;{1,~ 
r>CF:s1 4">••;1 01 
CF1o:CF10-nr.F 
GO TO 2Q 

C TNAtt~FFR TO 411 IIID!CATES NO CIIAitGE ROTII VALU~~ POSITIVE 
411 <;113=Aqc;(<;101l 

<;1 14=AR<;(<;1 ?1l 
<;115='>11 ~-~1 ,,, 
S116=CF10-<:1?2 
s117=S1 16/<;i1 s 

C qORAGI: <lF VAt tt,:s I r SIGN CHAIIGE OCCURS 
<;101l=S101 
s10o,CF10 
r>CF=S117*~1;>1 
CF1o,S1 ~?.-Or.F 
r,o rn ?a 

404 IF<s101J4n~.~~.412 
C fl A S S I G , I C il 4 fl r, ~ r> [)IJ .n N G S IJ ;< S F Q lJ fiJ T I TF. R A T1 0 'J 

405 rF<s10~l4~o.3,,4o~ 
C TRANSFFR TO 4oR INDICATF~ SIGil CHANGF +TO• DUR!~G Sl!BSQ ITeRATION~ 

408 ~131=An'<"-1n1) 
S 1 3 2 =A q •; I~ 1 •J ill 
~133:51.11 +S1 3? 
S134=CF10~~1 Oo 
<;135=51 ~4/~113 
s108=s1n1 
S109=CF10 
0 C F = S 1 1 'i * ~ 1 IJ 1 
CF1o=CF10+Drr. 
GO TO ?<> 

412 IF(S10Al411,1S,411 
C TRAtt~FI'>l Tll 41'1 Tti01CATES S!GIJ CHAIIGF. •TO+ DURtr<G SIIBSQ ITERATION~ 

413 ~151 =Art<;(~1 ,l1 l 
<;1 ~2=An<;<~1 ·till 
S153=S1'i1+~1S? 
S1~4=CF111·~100 



~155=S1S41'l1~~ 
<;103=>101 
<;109:CF10 
DCF:S1';~•~11l1 
CF10=CF1tlMllU 
liO TO 2'l 

35 COilT I NIJF 
Ell=O. 

8500 CONT IIJIIF 

635 

C llEXrRO·IIOI_U 11' Fi.OU ItJ THF REiiiON llETIIrFN TWE EnGE OF THE BOUNDARY 
C LAYER AIIO T>lE PnrtJT OF IIAX!IIUII VELOCITY 
C QQ~TOTAL Fl'JIJ !tl OllTFR IJALL LAYER 
C ~LST01-rtl!T!AL O!SPLACF.tlFIIT THICKiltS~ OF OUTER WALL nOIJIJDARV LAVFR 
C THETil1•!NlT!AL tiOIIPiiTUi~ Tll!CKNES<; OF OIITFR "IALL !lOlJ•JDARV LAYER 
C ENT!i01•t'JIT!AL FNERGV TII!CKIJFS5 OF OUHR WALL ROU'IOARY LAYER 

Cl F. X T R 0,. '', • 11, 1 7 * IJII 01 * ( ( R nE l 0 ** 2 , ) • ( RI\ 1 .. 2. ) ) 
ao=sUII~1 .. ,!'XTRO 
OLST01 "<;11!1~1 
THET01 =~111141 
ENTIW1 :<;11'1';1 

TAilo1=CF1tlWil.~ 
\JRITFC?,'>i10~)1)lq01 ,THETil1 

9008 FOfl!!AT(FO.o,4)(,F0,6) 

C TilE PROr,rnliRr ~tiP COIISTRIICTHIC. THE VFLOr.tTV PROFILE F~Ot! MJ 
C ASSlHIEfl 11.'\L IF OF SKPI FRICTION COFFFICIFNT re; THF SAIIF AS THAT 
C OUTLINEn Fll~ Tllr 0 1lTrR LIA~~ PROFIU: AT INLF.T 

36 R00T1I=~I)RTCU1 1•0,5) 
xn=o. 
liTAUI=IJIIl1 •QO,!T11 
B 1 A I = ( C 11 I.~ K 1 • <l . ~ l I R il o T1 I 
ll EL C 11 = 11'11- q I1 
B 1 B I = • 5 • A L 0 r, C 11 TA Ill * ( 1\ EL C I 1 ) I C F'JU * 1 7. . ) ) 
1\1 C I "C fl l Fr. I • C 'l l F K I * tl • 5 
B 1 I = ll1 ~ t • n 1 'l I • n 1 C I 
1F(GA.E~.1 ,O)GO TO ~1 
R = B 1 I 
TF(fl)6~.61,~4 

63 OELCI1:ot1.n1•(Rf11•RI1) 
r,o TO 1\1)4 

64 CO liT Ill! IF 
0 El IJ 1\ D "I J ( 1 ) •I I ( (') •ll + 1/ ( 3) * (flU 7) + \1 ( 4) * C llH 3) * W ( 5 l * ( B ** 4) + \1 ( 6) * ( B ** ~) 

1 + W ( 7) * ( o * * ti l +'I C i< l * ( Jt • * 7) + W ( 9) * ( R • * 8) 
!lE L C I1 = ••I: L 'I n o • C rn 11 " I> 11 ) 

3304 R1AI=CCOLPK1•<J.~)/R01lT11 
A 1 R I = . ~ *A I fl r, C 1 IT A 11 I * ( fl F l C I1 l I ( EN U * 1 2 • ) ) 
B1Ct:Cili Fr.t•C<11 £ Kl*".5 
B1l:B1A1·~1n!-R1Cl 
B=ll11 
0 EL IJ 0 [>:\I ( 1 ) +11 ( ? I •IJ>Ioll (3) * ( fl ** 2 l + IH 4) • C R ** 3 l + W ( 5 l * ( 'l ** 4 l HI ( 6) * ( B H S) 

1 + \1 ( 7) * C 11* * 6 l +'I (A) • ( !, * *?) +1.1 ( 9 ) * ( 13 * * 3) 
DE L C I 1 = 11 F [ tl ~ 1\ • C ~ f\ 1 • I' 11 ) 
B 1 A I = C C 11 L r K 1 • q • ~ l I R n o1T 1 I 
B 1 0 I = • 5 *A l 0 c, C •I TAll I * C fl EL C 11 l I ( F NU • 1 2. l l 



B1CJ:COt.ECt•Cill FK!*O.S 
R1l=B1 Al~f11 ~I~H1 Cl 
n= a 1 1 

b3b 

~ E L 1J 0 D,. •J( 1 ) + IJ ( ;>) • B olo I I (3) * ( Bu 2) + \J ( 4) • ( A ·u ~) + lJ( 5) • ( ll** 4) + \H 6) * ( B u ~) 
1+W(7)*(1••Al+4(~)•(~••7)+W(9)•(D••8) 

0 E l C I 2 : 0 r: lll ll 0 • ( 11111 "'H 11 ) 
\JRIH(2,?4) ~r1 rt?,flCLCI1 ,R 

74 FORtiAT(FQ,(,,4Y.,~9,6,4X,F10,6) 
0 E l C l 1 "11 F I. r. I ?. 

81 llELCOL=ilFl 1':!1 
R DELl=~ r- LC rl t' + R 11 
0 R I = 0 El r. 0 LI•J 
RRI:RI1+(nRr•.r,l 
SUH1?=1l. 
~lJil2?=0. 
Sl1113?=0 
SlH142=0. 
SUII52=0_ 
SUII72=1J.O 
sunoz=o. 
00 37.I::1,H 
f!AT!l1=RRIIRT1 
DIFR!=R•H-P.T1 
IJ1 IA=IIITAII! /CntrKI) •.HOG (IJTAUI*DI FR!/ (F.IJU•12,)) 
U1 l!l=IJTI\IJI .. r,Oi FC I 
OIS!NO:s(RNl-Rt1l/DCI.COL 
U A K r I = n 1 1 • ( 1 . I C 0 l f. K I ) * ( 1 , + S IN (3, 1 41 6 • ( 0 IS IN D" , 5) ) ) •IJ TAU I 
tJ11=tJ1!.\+111 Tn+\lt.KEI 
lJND1I =IJ11/Il 111 
C 11= ( 1 • ~I PI rl1 T l * n RI 
1'11 l:C1 1•'1'1Tl1I 
E1 I:C1!•RAT!I1 
F1 I=~ 11 •11!101 T 
HJ D I : U ~ o1 I *·INn 1 I 
EN2J:IJ1!•111t•IJ1!•DRI•R~I•6,2!!34 
G1 1:11 .-E'1Tltl•li'I01I•RATI11•0~l 
Q I= 2 . * ~ . 1 41 7 * R n 1 * fJ n I * Ul~ I 1 •IIIJ D 1 I 
SUI11?"~1Hl1 ~+C11 
~UII22=~11'1??+01! 
'>lli132=~!JII'I~+F1 T 
Sllf142=~!JIII,?.+F11 
SUI152=~1J!I~?+G1 T 
'> Ul17? = ~ '1'17?. + r •I ;> 1 
'> lJI\9 2: ~ IJ\10?. + () 1 

37 RRI=Rfii+O•II 

EN 2! = S U; !7? + n . 1 1,1 7 * C 11111 1 ** 3, ) • ( ( R 11 1 • • 2 , ) " ( R ~ E L! • *?. , > l ) 
H 2 D I 1 = ~ d 111 ? I~ • HI;>? 
HAX111 :o~IJI112/~IP142 

~ 2 01 =HA X 1 I 1 •1111 
TAll! 1 =CF11•') 'i 
IIUI1AXI=1.•(' •PI1•Sli'13?/C(Pf11**Z,)"(~!1**2,))) 
l I 11 E MJ I :o!llll 1 • 111111.\ y I 
F l 0 U I =I J 'I E :, fl I • ( C H t11 * • ?. , ) - ( R ! 1 ** 2 • ) ) 
IJ R I TF. ( 2 , 7 7) '11 J' 14 X I , lJ 11 F AfJ I , I Jr 11 1 , F l 0 IJ I 
W R I Tf ( 2 , n 11 ) r, ~ 1 I , !I ,, X I 11 , S :' 0 1 , H 2 D I 1 , 0 F. lll 0 0 , fl1 , ~ U f..1 4 2 

C CHECK To ~r• 1~ HAX!l1 IS 'IITHIN LIII!TS 



S202=AR~<•;?.01l·fli!AX! 
IF<s202l4?,4?.,490 

637 

C•••••ITERAT!ON PqO~rnURE TO OATAIN CORRECT VALUE OF SKIN FRICTION 
C C 0 E F n C I r: I 1' 0 'J PHJ L ~ 11 ALL 

499 F.D"[I'>+1. 
n=ro-2. 
EG"EO-) 
IF(EF)5ftO,'L11,~01 

500 S221=S2fl1 
~222=n11 
C F1I = C F 1 T- ( ~. * n rF I'l Tl 
GO TO )tl 

501 IF<rr.>">n?.~04,r;o4 
~02 IF<s?.01lC,~3.4?,509 
503 !F<s221l506,4?,S07 
506 s2D3=AA~(q201l 

s2li4=A~<; <~:><11 
s20s=s?.o3-~~04 
s20ti=CF1 T-~U? 
s207=S206/S21l<; 
S2ll8=>21l1 
~209=CF1! 
llCF:<;221 •<;;'~7 
cF1x=s2n .. nu 
c;o Tll ~r, 

507 <;231:AR~(c:;~n1l 
<;232=1\r!<; l<;?.(1l 
~233=5211+~?)? 
<;234=CF1 I•P?i' 
<;235=S?If,/<;/"l~ 
c;2llll=S201 
<;2ll9=CF1J 
l'lCF:<;2"1r,•'>?n1 
CF1I=CF1 l+l'l~F 
GO TO 1.) 

509 1F<s221l~11l,4?,511 
510 <;241=ARo,(<;201l 

s242=Anr,(q:'?1 l 

~243=521.1 •"2'·2 
s244=CF1 T-<;?7:' 

<;245" s ?.41.! s "· ~ 
c;208::S 2r11 
s209=CF1 J 
OCF=~24~•~?111 
r.F1t=C~11-IlCF 
f.O TO "If, 

S 1 1 <; 2 1 3 =A ll•; l ~ ;:>" 1 l 
s214=Ail<; < ~n1, 
s215=S21 ~-014 
c;216::CF11·~~?? 
<;217=)?1(./01 c; 
c;2ilfl::S201 
<;200=CF1I 
nCF=s21 :•.c;n1 
r.F1I=S2?7.-Ilr.F 
GO TO ~~. 

504 IF<s?~llSr~.4?,S12 
~05 JF<s21~lS06,4?,SOH 
508 s231=AR<;(~?fl1 l 



<;232=AI'l<;(<;?.nAl 
<;233=5~)1+~?~? 
<;234=C~1l·!DOO 
<;235=S?14/~?~~ 
S 2 08 = S 2 rl 1 
S209=C~11 
OCF:S2"i'.•r.='n1 
CF1p:CF1 I+Dr.F 
GO TO '11, 

512 tF<s2J~\11"i.4?,511 
~13 <;251~An<;<<;2o1l 

S252=A~<;(<;201\l 
s253:S?r,1•VS;> 
S254=CF1t~'P0o 
s255=S 2'it.t p<;·~ 
S 20 B = S 2 rl1 
S200:C~1l 

DC F = S 2 ~ 'i • o,? r) 1 
CF1 t=:CC11-[)r,F 
GO TO 1(, 

42 r,orrrttJUF 
r:o=o. 

8700 CONTIIJIJF 

(,38 

C Of:XTRl-11011) 11' notl PJ THF REGIOtl RF.TWFFN THF. EDGE OF THE ROIJNDARV 
C LAYER A 11 n T ~ F I"" Ill T 0 F 11 A X l 11llf1 IJ F l 0 C IT V 
C QI·TOTAI. ~I.IJI.J !•I !'lllFR IIALL LAVCR 
C OT•TOTAI FL 1\J AT tilL FT 
C OLSTI1-T'J!TIAL II!SPLACriiFtJT THII:KNe<;~ M INNFR ~JALL noLHJDARV LAVFR 
C THET11-ti!IT!AL iiOfl81:rUI' TII!CKIJFSS OF IN,JFR WALL ROIJNDARV LAVER 
C FNTI!l1•Ul!TTAL PJERGV TII!CKilFSS M INIJER WALL ROUIJDARV LAVE~ 

Cl EX T RI: I. 1 41 7 • IIH !1 * ( ( R f.l1 '*?, l • ( R 0 r L I**~. l) 
Cl! =sUH~?+ilFl(TR I 
or=no+()t 
If I~ EA 11 1 :HIT I ( 1 . 1 41 7 * ( ( R 01 • R 01 ) • (RI 1 * R I 1 ) ) ) 

C CALCIILAT!IIN 0~ HJ!TtAL VALIJE OF VELOCITY PROFILE E~JtRGV 
C COEFF!Ctr.•JT <ALPHitl) 

ALP 11 Ifl: < F.rl? 'l H 112 t ) I ( ( ll!~ CAN 1 ** 3, ) • 3 , 1 4 1 7 * ( ( R 01 * R 01 l ~ ( R 11 • R !1 l l ) 
WRITF(2,1t.I\)II•IFAN1 tALPH!N 

148 FOR!IAT(?X,~FI\.1) 
tlLST l 1 :;<;11'1~? 
THETI1:<;11ol4' 
ENTHt 1 :<;11'1~2 
IIR I TF ( 2 ,1/, l 1)0, fl t, flT 

14 FOR!IATU1?,r;,4X,F12,5,4X,F12,5) 
IJH l!J T=IJ1101 
XACT=X4C:Tl IJ 
R 1-IIIJ T = Rll1 
H l ltJT = H A X I 11 
HO I!JT=H ~X l 01 
THliNT:Til"Tt1 
T H 0 JilT= T •1 ~ T ') 1 
RliNT=Rt1 
RO ltJT=Rrl1 
DC I IJO=!Ir.F tilT 
n C I 11 I = !l r. F PIT 



b39 

CXXXXXCALCliLATIOIJ 0~ nOUilDARY LAYER PARAM[TERS AT A ~TAT!tlN DISTAIJCe OX 
C FR011 lfii.ET. 

CXXXXXIT I'> A<;<;tJIIF~ T'1AT 110 NET IIA~~ TRAIISFFR TA~E<; PL~CE R!'TWEF.IJ THE 
C lAY t: R S • l'JI T l \l t V I T I <; ft L S 0 ASS ll fl F. Cl THAT T H F ~ 1\ DIll S 0 F T fl F 
C POS!Tlll'J flF flAX. vr:t.OCITY ~EtlAIJIS lltJAI.TFRF!l. THIS A<;Sl!IIPT!Of.l WILL 
C LEAD Tl) A 1\tFF>•lFNr.l. IN Tli~ ~lf,X. VELOCITY CA!CIILATFD FOR I~IIER AND 
C OUTER LAVFR<; ~'JI1 I'J ORDf:p TO SATISFY THE COfJDITJOIJ THAT UIIO?=UilJ~ 
C THE RA~IIJ<; H T•ll' PoSITIOIJ 0~ IIAX. VFI.C'ICITV (~'17.) I~ ADJUSTED 

C SPEC!Ftr.ATltHJ OF IIILFT COtJDITIONS 

C R02-0UTFR !IHt RADII!<; AT X+DX 
c RI2-Ili'JFil IJ~t I. llAOIIJ<; AT X•DX 
C RI12-RAD!II<; •IF P•IS!T!ON OF I'AX!IIUII VFLOC!TV INITIALLY SET AT INLFT 
C VALUF 
C r.F20-I'JIT!AI. F~TIHATI' OF SK!tJ FRICTION COHFIC!ENT Ill~ OUTER WALL 
C rF2I·I~!T!AL r.HIII•iTF f1F 'lK!tJ FRICTif1'J COFHICnNT OIJ INN~R 
C 0 0 Ill IJ .tl 1i , X n , A >I n X I J 11 R E 1J SE 1) F n R C 11 Uta l N G T H F N 11 • 0 F I T F. RAT I 0 N S 

60 XACT=XACT+TIX 
XN01t=X4r.T~Xll'IIT 
1 F <xr!0\1) il'i~,, ,o, rJO ,91 oo 

8950 CONTINIJF 
RQ2:R01+0P0XO•I\X 
R!2=RI1+0~1\Xl•OX 
c F 2o=C> 111 
CF2!==C~1 I 
RH2:RII1 
UH02,1J'~rl1 
UHI2=U•H1 
uu=o. 

558 nD=o. 
na=o. 
XB"O. 
xw=o. 

C**** THE TEt.ll'rttl IF AilOPTrn IS TO ASSUI~P All INITIAL VAIJE 0~ SV.IN 
C**• .. FRICTIOri COI'rf!Cif.'IT AIID C~"~IIPIJT[ Tllr OIJTF.R IIALL BnU~:O~RV LAYF.R 
C *****V~ L 11 C I TV PP ·H 11 f' • T 11 F ~HA P F PAR i\11 FT F ll , I' A X I t!IJ ~~ V F L 0 r.t TV, FT C , 
C**•**ARE THf' I rii>=C<f'O TO ~EE !F THFY SATJ<;FV Tll;; MOIIFNTUII INTEGRAL EON. 
C*****IF !JOT A IJEJ VALUE OF SKIN FRICTION r.OEFFICIE~T IS AS5Ut1FO 

53 CONT I IJIJr 

C THE PHOCE flll~ F FOR CO•IST RUC T I tJG Tflf VF LOC tTY P RM HE F ROll AtJ 
C ASSU!IFn v,,l'IF OF SKIN FRICTION COI·FF!Cif'tJT IS TIIF S/,IIE A~ THAT 
C 0 UT Ll tJ F <l r 11 ~ T H F 011 TF R \<All PR 0 Fll. E AT I N lET 

XXU:O. 
tF<CF20l~S1,~S,,R54 

1\53 CF2o=0.:10tl114 



1154 R00T?.O:r~flllT(C~?•l•0, 5l 
1002 fONT I NI IF 

1155 nELC01 =110?•QII?. 
ll56 COijT I lW~ 

liT Auo = u 110 ;>*~noT 20 
72 B2A:(COLFKO•n_~l/R00T20 

b4o 

112 R = . 5 *A I 0 io < 11 TA 110 • ( ll FL C 01 ) I ( F lW• 1 2 , ) l 
R2C=C0LFC•l•r.OLF.K0•0. 5 
ll2 = B? A~ 11? i1• ~? C 
JF(GA.En.1.0l~O TO R401 
A=B;> 
RHAX=£1•9. 
IF<RMAX>R430,R401,3401 

(t400 CONT!IJIJF 
IF< B l 6 5, t\ ~, ~6 

65 llELC01:0_:11•<RO?~RI12) 
GO TO t\7 

66 COI~T ltiiJJ; 
0 El !Ill D :r ll ( 1 ) +\I ( ? ) • £l + 11 (3) • 0! ** 7.) o1o W ( 4) * ( !lu 3) + \J( 5) • ( 0 ** 4) + W ( 6) * ( B ** ')) 

1 +W(7) * (fiHt\) +11(.1) * ( 11*"'?) +W(9) * ( B••B) 
0 EL C 0 1 :r I> F l IJ n D * ( R 0 2 • R lt 2) 

67 C<JIJTINIJP 
R2A::(C()I i!KO•O. ~l /ROOT?O 
11? R = . 5 • oH •) io C 1J TA 110 * ( D F l C 01 ) I ( E IHI * 1 2 , l ) 
R2C:C0LFCO•rOLP,0•0.5 
H2=1l2A·fl?.fl•12C 
n=B? 
TJ E l U 0 D ='I ( 1 ) + U ( ;>) * B +I I ( 3) * ( B ** ? ) + \1 ( 4 ) * ( R u 3 ) + W ( 5 ) • ( B ** 4) HJ ( 6) * ( A** ~ ) 

1 + W ( 7l * ( R *'" (, l + IJ (:; l • ( fl • *?) + \1 ( 9 ) * ( B ul\) 
DE LC01 :ilF.IIlnO• ( 1<02•1111?> 
R2A:CCOi_Frn.n_~l/R00T20 

B20:, 5•ALOfiCIJTAIJO• (DF.LC01) I (ENU•12,)) 
R2C=C01.FCo•r.OtFK0•0.5 
B2=n2A•I,?1·~?C 
Rt1TrAA:fi?A·~2R 
B=B2 
0 El lJ I> D "iJ ( 1 ) +I! ( ;> l * B •I" J ( 3) • ( IJ **?) + W ( 4) * ( ll ** 3) HI ( 5 l * { B • * 4) •HI ( 6) t ( ll u 5) 

1 + w < 71 • c rt • • n 1 • 'I< ill • < fl** 1 > • w < 9 l • < n ** B > 
I>ELC01 "I>FlllnO• C~02•RI12) 
B2A=<COtEKn•D.~l/R0DT20 
r! 2 R = . 5 • .\L 0 G C 11 T 11 IJ 0 • ( D F L C 01 ) I ( F ~I U • 1 2 , l l 
R2C:COLFCtl•C0tFKO•D.5 
R2"A2A-n?fi·~?C 
R=B2 
OELUOI>:r'1(1) +'i(?l•flolo\1(3) * (fl**?, )•W(4)w(ll**3. )+lJCSl * (f1H4, )+lJ(6) * (R* 
1•5,)+W(?l•(~••~.)+W(R)+(R••7.l+W<9)•<R••R.l 

0 E LC02,1lHIJ n 1> • C ~ 02• ~ 112) 
flELC01 =llFLC1? 
GO TO 71 

8401 OELC01 allO?~QII? 
73 ~>ELCOL:nFLC11 

R D ( l 0 =RI)? • ll F I. C 0 L 
DR0=DE LCOL /•~ 
RA0:R02-CDP1•n.~) 
SlJil11=0. 
SUI121::0_ 
SUf131 =0 
~Uf141=0. 
sUfl51=0. 
SUII71=0.0 
c;Uil91 =0. 



1)0 50" ::1. 1·1 
HATI02:si1R<l/R0? 
I)J FRO=RII?wRQO 

b41 

112DA= C!JTAt!O/r.<llrKO) •ALOGCUTIIIIO•DI ~RO/ CENU•1 ?.. ) l 
U2Dn::Uf,\ll<)•r.nt FrO 
OJSQND:(RII?wRROliDELr.DL 
\j A K l 0 = R? • ( 1 • I r. 0 L r K 0) * ( 1 • + S J IJ C 3 , 1 41 6 * ( fl IS MJ D •. 5 l ) ) *UT A 110 
U2 0::112 0 A+ 11 ;> '111 +I I A K F 0 
ll N D 2 0= 11 ;>n I 1 1'102 
C20::(1 ,wll'lll?Ol•ORO 
D20::C20•111Jfl'0 
F.2D=r.2(h!lAT i 0?. 
F 2D=F 20• ll'·lfl'n 
F. N Do=U"ln?o• :HI r>?n 
EN 2o= U 2o• 11 21* Ill' Ow Cl R o• R R 0 *6, 2 8 3 4 
c; 2 o = < 1 • M r • m,.,> ,1111 n 2 n, RAT 1 o 2 • D R o 
Q02=2.•1.1416•RR<I•DAO•UMO?•llNCl20 
SUI11 1 =SIIII11+C?O 
SlJII21 =S1Jil?1+n::>n 
~Uf131 =~111111+F?O 
SlH141 =~111141 +PO 
SUr151 =~llll'l1+G;>o 
SlJII71 "51111"/1 +EN?o 
<;U~191 =~IIIIQ1 +Qfl? 

50 RRD:RROwORO 
5000 QOZ=SIJ'I'l1+(l.1417•111iO?.•((Ri•EL0H2,)w(Rf1::'u2.))l 

EN 2o = S U 1 i' 1 + C ~ • 1 41 7 * ( 11110 2 .. 3 • ) * ( ( R DEL 0 ** 2. ) ., ( R 11 ;> ** 2 , l ) ) 
Uf102: (Cl<liQO~l •11110? 

C THIS I~ TIIF. r.nPRFCT IJI102 FROI1 COrJTitJUITV NO APPRFC, ERROR IN UTAU 
lJ 11 E 0 2 = ~ 1. Cl 1/0 I ( C RI)::'* * 2 • ) ,. ( R ~I? • * 2 , l ) 
lJ U f1 A X 0:1 • ~ ( ? • * 11 o 2 • S 11 t13 1 I ( ( R 0 2 u 2 , ) ., ( R 112 u 2. ) ) ) 
Ufl02 AT= 1111 ~ 0 211JIJ,IA X (1 

XXU=XXII+1. 
XDU=XXUw1, 
IF(XflUl~'>4,~54,8303 

8303 cor~n Nu~ 

C DLST02~<liiTI'Q 'Hil OOIINDARV LAVER lliSPLACE11EtfT THICKNESS 
C THET02"•liiTF~ ',JALL 1\I)IJNOARV LAYER J10JIFNTIJI-I THICKNESS 
C F tn H 0 2 •<1 I J TF Q ll A I l 1'1 Oil N 0 A RV LA V F R r tf F R G V T H I C K fJ I' S S 
C HA X I 0 2 •11 11 T F Q q A 1 L 11 \l 11 N n A RV LA V F R S HA 1> F. PAR A 11FT F R 
C 111102 niiTFQ !JAIL 'ln!INDARV LAYER 11AXIJIIII1 VFLOC!TV 
C IF HAXI<12 I~ GRrAT~R THAN 1,5 CALCilLAT!ONS CFA~F 

DLST02:o<;ll!111 
TIIET02r:<;IH:4f 
F N T 1102 = <; 1111 ~ 1 
HAXI02=<;11,131 1~111141 
IF(HAX!•1?·3.5lRQOOr9100,9100 

8000 CONTINIII: 

Jf(G1.E'1.1.0lt;O TO 7~00 

C SlJBHOUTttlF ~0~ CALCULATINti IJORilAL STRESS TFR~I 

C OUTER \JALI 

nDELTA~nL<;T'12-~L~T01 
DDELnX=nDrLTAIDX 
REVSCO:O,OH~•CIIAXI02•1.l•:lOFLOX 
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C REYSCO•Rf.VIHJLO~ NORIIAL STilrS<: COEFFICIENT 
C CORRELATIIHJ DIIP TO GOLDOFRG 
C EI~D OF ~llf<R!)IJT!NF 

GO TO ?~01 

7500 REYSCO:oii.O 
7501 CONTIIHJr 

C SU0ROIJT1NE FO~ CALCULATING TOTAL PRrSSIJRE LOSS FROM ENERGY EQN, 
C DTHXO-R<\TF. OF r.HAtl<iF Of: 1'0111:NTU11 TH!CKNF<;S (OUTER WALL) 
C OUHDXD·RATI' OF CHAliGE nF fl,IXII1\Iil VEi.Or.ITV 
C 1\THDXO•HATr. OF CHA!lGP OF FIIERGV THICKNFSS 

DTHXO•(THrT12·THFT01)/DX 
D 1J 11 D X 0" C 1111 0 ~ •I I t11l 1 ) I D X 
nTHDX0:o(ENT407•FNTH01)/0X 
F2"DFLC,l1•1'll qn;> 
E 1 " ( 3. • F 11 T 1lrl2 *I> 11 ~~ 0 i( 0) I U 1101 
DPTDXO:O.O 

7502 CONT I IIUF 
6800 FORIIAT(i\FQ, ~.1)(, F4,2) 

C CALCULATION OF D!SSIPATIOII COEFF!CirNT IJSING II!XING LENGTH TH~ORV 
C RAHP tliX!IJG LFN!lTH FIJNCT!O'! DUE TO SPAlO!NIJ 

SUI1DIS=O. 
DRlt!T~D~L~01/AO.O 
RR•DRIHT 
R: D R I 11 T I 7 • 
DO 681J~ 1:>1, SO 
RND=RR/OFtr:n1 
JFIRND•O.?)~Rn4,680S,6805 

6R04 HIXL~D=AH~•f.~ 
MIXL=II! XU1rl•DJ.ST02 
GO TO 6.\n<'> 

6805 HIXL=0.1•~L<;TO? 
6R06 CONTINIJF 

U 1 0 A= ( IJ TA I I 0 I C <1 Lf· K 0) • A L 0 G ( IJ TAll 0 *RI ( E tW•1 2, ) ) 
u101J=UT<\1Jn•r.nt rro 
I)JSOND=~/flFJ'Cq1 
WAKEO•B?•I1.1COI.FK~)•C1.+SINC3,1416•CDISOND•,5)))*UTALIO 
U1 O:l11 0A+II1 lR+I'AKE0 
IJND1 R=ll1 0111 ·10?. 
R•R+OR!HT 
U 1 0 A= ( 11 TA 110 I C IJL rK 0 ) * AL i) G ( IJ TAll 0 * R I C E tJIJ •1 2 , ) ) 
IJ10£J=IJTAIIO•COtFr.O 
otSOND,.R/I\I'LC01 
WAKCO=q?•I1./C0LFK<1)•(1.+SJNC3,1416•(D!~ON0•,5)))*UTAl10 
U1 0:; U 1 ()A •.JI1 rlt1+\l •\ K E 0 
UND2R"Il1 f)/11•10? 
0 lJ N D = I iJ 'Ill?. R -11 N n 1 R ) / D R I IJT 
OUND:Aq~ (OII•Jnl 

D I SPAT:;> . • 111 X 1. * 111 XL • C I> U 11 n ** 3 . ) * D R I 11 T 
c; Ul1 D IS:~ 1111 rl 1 c; + 1\ 1 c; PAT 
<;HST:2. *'IIXL*'Il Xl•DIHJO•DIHJ[\ 

6803 R R•R R+ 0 R !fiT 
co=sunnts 

7503 CON Tl IIIJF 
JF(G4.E0,1.~)~0 TO 7S04 
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C CALCIJLATIMJ OF r>IS5IPATION COEFFICIENT OUE TO CiOLDBERG 

PS G 0 IJ a ( T 11 FT 1J 1 * 0 11 ~~ 0 X ll) I U 11 0 1 
C 0 E C 0 P = 1 • • ( ~ ~ il 0 o 0 0 0. 0 * ( P ~ C1 f\ 11 * * 3) ) • ( 1 0 0 • 0 • PS G 0 fl) 
RE N 01 = ( 111101 • T 11FT 01 ) I ( EN IJ •1 ::' , ) 
COFP=0.0112/I~FN01*•.1667) 
CDEQL=CnFP*~OFCnP 
DCDOX=<n.OO~*<CnEOL•CD10lliTHETD1 
OCD::DCOnX•TI~ 
CD20=C010+0i:o 
CD"CD2n 

C CD·oiS~IPAT!ON COEFFICIENT 

61!01 F0RtiATO'F11l.6) 
7504 CONT I tJU~ 

IF(G2.Fo.1.0l~O TO 3701 
OPlOX0=<DTH~Xn~r.n+~1liF.2 
URlTF(2,370~lnPTnXD,CO 

3700 F0Rt1ATC4X,?no.6) 
3701 CONT I NtH: 

Jf(G3.E~.1.0)G0 TO 3702 
OPTOX0=(DTH~>11J~r.n+E1)1F2 
WRITF(2,37niJ)OPTOX0,CD 

3702 CONT I NIJF 
Jf(G4.EQ,1.0lr.O TO )703 
OPTDX0=COTH0)(0~r.o+C1)/E2 
11 K I TF ( 2 , 3 7 0 0 l 0 PT 0 X 0 , CD 

3703 CONTINUE 
IF<G5.FQ.1.0lc;O TO 7~05 

C CALCULATIO'J or TOTAL PRESSilRE LO~S fROII TEST DATA 

t>=IIAXIO? 
DPTDXO=vC1)+VC?l•D+vC3l•C0••2)+VC4)•C0••3l+V(5l•(D••4)+V(6)•(D••5) 

1+V(?)•(n••6J+V(R)•(D••7)+V(O)•(D••8) 
D H V RA U = ( ( ( R ~?. * R 1J?) • ( R 11?. * R 11 (') ) I R 0 2) * 2. 
DPTDXO=·flPT~Xn/nHVRAU 
WRITE<2.6n0~1~Proxo 

61!02 FORIIATC?X,FHl.t\) 
7505 coNr!NliF 

C CALCULATION OF ~H[AA STRFSS GRADIFNT AT RMAX 

Jf(G7.En.1 .~>~n TO 956~ 
M! XL=O. ?~•Dr"sTO? 
DRINT=DFLr01/~0.0 
R=DELC01•(ft~I~T•0,5) 
111 0 A:: (If TA 110 I r. o U K 0) • H 0 G ( IJ T 1\ U 0 *RI ( E lW •1 ?. • ) ) 
U1 0 0:: UT A 11 11• r. 0 Ll' r. 0 
fll S 0 N 0" RI f• E 1" C <11 
~I A K E 0 = n ~ • C 1 . 1r n L F K 0) • ( 1 • + S I 11 ( 3, 1 41 6 * ( D I S n 11 D • , 5 I ) ) *UT A U 0 
tJ1 0=111 0A+II1 IR+I'AKE0 
UND1 R=U10/II 10? 
R:: R • f) R JIJ T 
lJ 1 0 A= (If TA 11 n I r. o I rK 0) * U 0G ( ll T 1\ UO *RI (F. IJU • 1 2 • ) ) 
1110naUTAIIO•COI FCO 
D I SoN D" RI r. r I' C ·11 
YAKEO=R?•C1 .IC0LFKD)•(1,+SIHC3,1416•CDISOND•,5))1*UTAIJO 
111 D=U1 0,\+111 t1B+IIAKE() 



UfJD2R=IJ11l/II•I0;1 
0 U fl D = ( lltl n 1 R ·lltHl ;> R) /o> R I N T 
!JUND=AR<; ( TJII~Dl 
c; H S T1 =?. . •I I I X I. •'11 XL* i! 11 tl D * n IJ fJ D 
R=R-OHI·H 
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111 OA:(IITAII!ltrolL~KO) •ALOG(IITAUO•H/ IEJH1•12.)) 
ll1 On=UTAIJol•r.Ot FCO 
0 I SuN D=ll /[IF I C01 
W A K [ 0 = R? • ( 1 . I r. o L F K ()) * ( 1 • .t S !I I ( 3. 1 41 6 • ( D I S 0 tl l'l•, 5 l l ) *UTA UO 
111 0:1)1 0A+ 111 lR•IIAKEfl 
UN03R=II1 0/11'107 
DUN 0= ( lHIO ?R -IJIHHR) /l> R PIT 
0 U IJ D =A ~ <; ( Oil ~ D ) 
SHST2=?. •11 t X 1.•111 XL* i>tJNn•nllfiD 
OPTOXO:-( (<;~qr,.c;HST1 )/DR!'ITl 
WRITF (2,9S6-,) IINI>1 Rr 1Jil02R,U'ID1R, DR!IJT, SHST1, SHST2,0PTDXO 

9566 FORIIAT(?F1 fl.l\) 
9565 CON rlliUF 

TAUo?.=Cr:?.n•().<; 
TAUOX=(TAIJ!l1 +TAIJ02) 0. 
G RA 0 P X= T H FT q 1 * ( ( 0 UI11J X O• ( HA X I 01 + 2 , ) ) /ll M 01 ) 
GE011PX:TitFT•11 •CORD\(O/R01) 

C CALCIJLAT!O:J 0~ TOTAL PRE<;S'lRE GilAOirtiT TER!t IN tiOIIENTUfl FQN (RASFO 
C ON OUTER IIALL CALCIILATIONS) 

JF(G6.l''l,1.il)r,() TO 131\ 
0 PT 110 2: ( ( ( 11'12 * R u 2)., ( R 11?. *RI~ 2) ) I R 0 2) ;. n PT l'l X 0 * 0 • 2 5 
GO TO 1 H 

136 DPTt10=0. 0 
OPTDXO=O.O 

C *"' *"' * D I~ l 11 S- L r FT ~A •lt> ~ I 0 r 0 F H 0 n rfJT U 11 F' Q N • ( 0 U TE R \1 A L L) 
C I F Tll E r. 0 1! P. Er. T <;HA P F PAR A it r T F R ( S ¥.1 tJ ~ ~ I C T I 0 tJ C <1 E F F I C lE •J T) HAS 
C BEEN Aq<;lllil''> OIILHS UILL 1\E ZFRO 01! Wt1'HPJ THE LI~IITS SPF.CHIEO JJV 
C 0 11. I F ~I I l H ~ I ~ 0 UT q I D g T 11 r I I Ill T S T H F ~ A N F \J VALUE M C F 7 0 I S 
C !:STitiAT>O ~'In THE C~LCllLATlONS REPEATFD UNTIL DlllHS COHES IJITHHJ 
C LII1JTS 

137 D~tlf!S=OTHX0+TIH'T01* ( (DRDX0/R01 )+(DUIIOX0•CHAXI01 +2,)) /!JH01 )PTAUOX•tl 
1 PTIIO-REv<;rO 

OPTOXRanPTDXO 
S1 01 =D•II H<; 
~~ R I TE ( 2 , il j 0 1 ) ~ Hl H S , C F?. tJ , HA)( I 0? , D E L C 0 1 , 0 P Ttl 0 , T H ~ T n 2 

3 3 0 1 F 0 R 11 AT ( 1=0 • t\ , 4 v , F 9 , 6 , 4 X, F 9 , 6, 4 X , F 7, 4 , 4 X , I' A , ~ , 4 X, F ll, 5) 
S102::AR<;C~101l•Otl 
JF(S102>51 ,51,~2 

C•****ITERATION PROr.~DURE TO FIND THE CORRFCT VALUE OF CF20 

52 DR=on+1. 
DC"!>R•2. 
oe=on-·;. 
IF<DC)AO(l,f\01 ,i\'11 

600 <;121=S1il1 
S122=CF?n 
C F 2o:C PO· I'> Cl '10 
GO TO 5~ 

601 TF(OE)60?,604,1\04 
602 IF<s101>603,51,n09 
603 !F<s121l60i\,51,nn7 



606 '103=AR~(~101l 
~1 Ot,=A"~<~1 ~11 
S10S=S1113·5104 
s1 06=CF?o-sin 
s107=S1no/~1o~ 
S1 O[l:S1•11 
S1 09=CPO 
OCF::<;121•~1fl7 
CF2o=0.1 ??.+flCF 
GO TO ';1 

607 ~131=A~~<~101l 
~132=Aq~(<;1 ~1 l 
<;133=S1'i1+5i">? 
<;134=CF?•l-~1 ?.? 
5135=51">41'>13~ 
s10il=S1o1 
<;1 09=CP'l 
OCF::<;13t;•'l1 01 
CF2o=CF:>O+!Ir.F 
GO TO S "< 

609 TF<s1?1l610.~1.611 
610 S141 =AB<;(~1 01 l 

S142=AR'l(<;1 ,, l 
s143=S1t,1 • .,; 4'J 
<;144=CF:>0-<;1 ?2 
s145=S141./<;14~ 
s10fi=S1o1 
s109:CF?O 
DCF;;<;14<;•<;1 ·11 
CF2n=CF?O•Dr.F 
GO TO q 

611 s113=A~~<~1~1l 
s114=AR<;(<;1:>1l 
s115=S113-'i114 
s116=CF?o-c:f;>;> 
<;117=S116/<;11S 
S1 08=S1•l1 
S109=C~?.O 
OCF:$117•<;1 ~1 
CF20=S1?.2-IlrF 
GO TO ~1 

604 T F( S101> nO';, ~1. 612 
1\05 tF<s10illt\06,<;1,t,o8 
n08 <;131=AB'l<<;1~1l 

S 13 2 =A 11 <; ( <; 1 •J ll l 
~133=51 ">1 +S1 ":? 
S134=CF?0-<;100 
S135=S1 '4/<;1 >1 
S103=S101 
S109::CF?O 
DCF:s1 v;.~1 ~1 
CF20=C~?O+nr.F 
GO TO 5"{ 

612 JF<s1011>n11,<;1,~>11 
613 s151=AR<;(<;1J1l 

<;152=Afl~ (~1 •1Rl 
~154=CF?.IJ-~10Q 
<;153=S1 ~1 +~1 ~? 
<;155=S1 ",/tf"1 ~:o; 
51 0 d = s 1 fl, 
S109=C~;>O 
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c 
c 

DCF=S15<;•~1'l1 
CF2o=CPO·DCF 
GO TO 51 

51 CONT I IJIJF 
91 CONT!NIJF 

57 CONTINUF 

b4b 

C•****CALCIJLATIOII 0~ !NIJER WALL flOUNDARI' LAYEil PARMIFTFRS AT CXo~oDXl 

C THE PROr.r:nlJH FOR CO>JSTRUCTING TllF VFLOCITY PROFI LF. F~011 AN 
C ASS lJ 11 F D 11 A L 1J F 0 F SI( I 'I H I C T I CHJ C 0 rF F I C I I' N T IS T fl F SA~~ E AS THAT 
C OUTLIIIEn FOQ THr: OIITER WALL PRDFILF. AT INLET 

XXll=O.O 
!FCCF2tl~'>Q,fl~Q,R60 

1!59 CF2t=D.fl•)i•O~ 
860 R00T2l=~OPTCCF~I*0,5) 

DELC!1=Ril?•Ql;> 
IITAU I :tlJ'll ?•QOI1T?I 

75 A2At=<CnL~Kt•n.q)/ROnT21 
B 21li : . 5 *Ill 0 r, C 11 T ,, 11 I • ( n EL C 11 ) I C EN U •1 2. ) ) 
B2Ct:COLFCl•C<ii.FKI*0.5 
~2i=B2Ar•n2~1·R2ti 
IFIGA.Fo,1.0)r,O TO B403 
B=B?l 
RrrAx=n-o. 
JF(DHAX1840'.~403,1403 

8402 corrr tllUF 
IF(ll)6q,(,!',,~9 

68 !lELC11=rl.li1•(RI12 .. Rl2l 
GO TO 79 

69 CO liT I NIIF 
DEL U 0 D "·1( 1 ) + lJ ( 7 l * fl + \1 ( 3) • ( B ** 2) + W ( 4) * ( R ** 3) • tJ ( 5 l * ( B ** 4) + W ( 6) * ( R ** 5) 

1 +W ( 7l * (;1 * * (, l +'I(.~) * ( P ** 7) • U (Cl l * ( B ** 8) 
DELe 11•'lFLil'llh (1'112 00 R 12) 

79 CONTIIJUF 
A2AI•CCOLFKi•0.5)IROOT21 
B 2 B I = . ~*A I 0 r, C 11 TA lll * C o E l C 1 1 ) I lE N 1J * 1 2 • ) ) 
B2CI=COt.Err.cnt.rri•o.5 
R2l=B2At•hi'qt.n?tl 
n~02I 

0 EL 1J 0 fl q 1J C 1 ) + \J t i' l * fJ ,.,, C 3) * C!l * *?) ,.. \J C 4 l • ( A** :n • \! C 5 l * ( 0 "* 4 l + \JC 6) • C B • * <; l 
1 HJ ( 7) * ( 11* * 61 •' I ( g l * ( G ** 7) +\J ( 9 ) * ( B ** 8) 

DELe 11 =llF.lllr,n• < rw2-~12l 
R2AI•(COLrKt*"·~)/ROnT21 
B 21l I = • t; *A I 0 r, t 11 T Id I! * ( nE L C 11 ) I ( EN 1J * 1 2 • ) ) 
112C I =Cor FC I •rnt.rK I *0. 5 
B2i:B?A!•H?~t-n2CI 
ROTTAA•n?.Al.R7Rl 
B=B21 
fl EL U ll D :• J ( 1 ) •11 ( ? l * B + •J( 3) • ( R ** ;>) + IJ (I.) * ( R ** 3) • W ( S l * ( B ** 4) + 11 ( 6) * ( B * • ~) 

1 .. •J < 7) • c n • .. 1\ > + :r < r, > • c n ** 7 > .. u c 9 > • c B **ill 
0 E L C 11 ~ 11 F 1.11 r, n * ( IH\2., ~ I 2 ) 
R2At=CCOLFKT•Il.~)/RI10T?i 
ll2 B I = . ; *A 1 0 r, C 11 TA lll • C nE L C !1 ) I C E IIU * 1 2 . > ) 
B2CJ:Cnt.ECI•C0LFKI*0.5 
A2l:B2At•n?~I-n?rl 
ll=R21 
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DE L U 0 D =' J ( 1 ) •I J ( ;> l * !!+11 (3 ) * ( B "* 2 ) + IJ( 4) * ( B ** 3 ) • !J( 5 I * ( n ** 4) ... IH 6 ) • ( !l u ~ ) 
1 + IJ ( 7 l * ( n ** (, l "'J Ull * ( fl * * 7) • W ( 9 l * ( H .. 11 > 
DELC12:nFI.II~O•(RI'2"VI2) 
DE LC 11 =or:LC I 2 
GO TO 76 

3403 OELC11 :RI\~" RI? 
76 DcLCOL:fJF.LC 11 

RDEL!=nrLCOI.+RI2 
OR1=0EI.r.OI/~ 
RR1=R17+(~RI•.5) 
SUI112=0. 
'UN22=0. 
SUI137 = 0. 
~Uf142=0. 

SIH152=0. 
~Uf172=0.0 
SUI192=0. 
00 54d=1 ,11 
RATI!2,.RRI/~I7. 
01FRI=~Rl•IJT7. 
U 2 1 A= ( 11 TA I 11 I r. q l FK I ) • A L 0 G ( ll TA Ill * 0 l F R 1/ ( E IHJ * 1 2, ) l 
U211J=llTAill*C<ll FCI 
D1S1ND:(ARI•RI::'l/hELC<ll 
11AKEJ=q;?t•(1 trntEI<tl•(1.•S1NC3.1416•<DIS1Nil"•~)))*llTAUI 
IJ 2 l:.ll? I •\ + I I? l !l +If A K E 1 
UND21=U;>t Ill 11? 
C2l:(1.-ili•O?l)•OR! 
D2l=C2I•Ill'fl?l 
E21=C2lwRIIT!" 
F21=E21•111107t 
F. N 2 1 = U;? l * 11 :' I * 117 I * D RI • R R I • 6. 21\3 4 
END 1 : U \J fJ? I ""If I~;> l 
G 21 = ( 1 • - F li 0 T l *!Hi n 2! *RAT I Ii' * 0 R I 
QI2=2.•1.1416•RRI*flMI•UMt2•UND21 
s u, 1 2 = s 1111, :> + r. ;> l 
SIJI122= ~Ill!?~+ n:> T 
c;UII3?=<;1JII)::!•r?t 
S U f\ 4 2 =<;I Jl\f,? + F? I 
c; U 115 2 =<;I HI~ 2 +C.? I 
s u fl 7 2 = <; "11 7 ;> + ~ ., ;:> l 
SUIIQ ?=Sill IQ~ +fl t :> 

54 RRI::RRI+OP! 
1140 H2DI2=~1lt11 ?/'>111127. 

C HAXI 12•PI'IFQ 'lA I l SIIAPF. PARAfiETER 
C IllS Tl 2 • fl I o, P 1: A r. ~ 11 n1 T T HI C K N ~SS 
C THETI2•tU)IiP'ITIIII TH!r~NESS 
C Utll2•riAX. VI'I.<Jr!TV HI liiNFR LAVER AT (X+DX) CAI.ClllATEO FROfl 
C CONTINLIJTV FflN. 
C U U HA X I • Q A Tt 'l Ill= fl E Ati T 0 M A X I I Ill 11 V F. l 0 r. I TV I N Jfl '' E R W A l L LA V ER 

HAX112='>ll111:>/~tltt42 
DLSTI2='>1Jit~;> 

f N 2 I = S 11117? • ( 3 . 1 41 7 * (Ill\ 12 ** 3. ) * ( ( R fl2 ** 2, ) ~ ( R 0 El I u 2 • ) I I 
THETI?:qll't4:> 
ENTH12a,IHt'>?. 
Q I 2 = S U 'I'J ;> + n . 1 41 7 *lilt I 2 • ( C R 112.,..,. 2 , l,. ( P nE LJ u 2 • ) ) l 
U~ll2=<flt/Cll :>) •!1'112 
XXU=XXII+1. 
XDU::XXU-1. 
IF(XDU)R60,q6o,,~5 
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5 5 5 C 0 fl T I IJ!J F. 
U ME I 2" ~ 1 011 I I ( ( R tl? ** 2 , ) • ( R I ?. ** 7. , ) ) 
U U llA X I :1 • • ( 2 • * R I 7 * S U 113 ?.I I ( R 11? * * 2 , ) " ( R I 2 ** 2, ) ) ) 

IF(G1.eo.1.illf.O TO 7506 

C sUOROliTJtlF ~OR CALCULATING IIO!HIAL STRESS TERH 
C !IIJJER UAU 
C REYSCI·R~Vilr11.1l~ NORIIH STRESS COF.FF!CIF.NT 

DDELTA:nl~T!?-~L,TI1 
ODELOX:onOFL TAll\ X 
REYSC!:O.n1~~*1HAXI12•1,)*DDFLDX 

C END OF ~li<IP'lliT!tJF 
GO TO ?~Oi' 

7506 REVsct .. o.o 
7507 CONT!tltJF 

C OTHXI•R,\Tf' rJF CHAtlGF OF I~OI'CNTIJII Tfi!CKtJF~S (!IHIF.R I·IALL) 
C OUI1DXI•RATf' 0~ CHA 11GE OF 11,\X!IIIJII VELOCITY 
C DTHDXIwRATf' 0~ CHAIIr.~ OF EII[RGY THICKNPSS 

DTHXI=IrHrTI7.•TtiFTI1)IOX 
OUIIDX I=< 1111! '-•tltll1) I f>X 
llT fl D X I " <~:IT Ill ? • rf• T 1111 ) ID X 
F 1 " ( 3 , *F tiT H I ? * ~ 1111 0 X I ) Ill Ill 1 
E2"DFLC11•DL~TI2 
OPTDXI=O.O 
!FIG2.Efl.1.~>r.o TO 3118 
CDI=CD 
C DC F1 = C t) I n n 

3118 CQIJTI NIJF 
lF(G3.Eil.1.0)r,() TO 750·~ 

C CALCULATI<l~ 0~ DISSIPATION COFFFICir~T USING fi!XI~G LENGTH THEO~V 

SUI1D I S=O. <1 
DRlttT•DrLCifl60.0 
RR"OPI"'T 
R=DR I tiT 1'?.. 
DO 7511 I=1.~Q 
PND:RRIIlFI C!1 
lf(UND•0.?)7~1?,?S14,7514 

7512 MIXLND:I!Nn•i.7~ 
111 XL=Ilt XLI!D•fll ~T !2 
GO TO 7<;1", 

7514 M!XL=O. '<;*ni'STI? 
7515 CO liT I Nllf' 

IJ 2 I A= ( 11 TA i I I I C n Li' K1 ) • .~ L 0 G ( ll TA lll *RI ( E IHI * 1 2 , ) ) 
U2l[l=UTAIII•COtrrl 
DIS!ND:oRinFLC!1 
WAKE I = R? I * I 1 . I r n LE I( I l * C1 • + S IN ( 3 , 1 41 6 • (Ill S HI 0,., ~) ) ) *\IT A IJ I 
U 2 I = U 2 I A+< I? I !l,. 1 t ,, K E I 
UND1 R•ll?l/1111,) 
R=R+OR!tiT 
U2 I A= ( 11 TA 'I I I C •ll F K! ) *A L 0 G I IJ TAU I *RI ( E tHJ •1 2 , ) l 
U 2 Ill = lf T A I I I * r. t1 L F r. I 
OISIND=RIIlFI Ct1 
W A K I: I = B ;> I * ( 1 • I C nl E K I l * ( 1 • + ~ I N ( 3 • 1 4 1 6 • ( D I S Ill 0" , ~ ) ) ) * 11 TAU I 
U2 I= 1121 ,\,.'I? I ll+\1,\ KE I 
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UN 0 2 R = IJ :' l 111•1 x;> 
D lJ N 0 =A R ~ ( (I hi n ;:> R -11 iJ I) 1 R ) Ill RI N T) 
1>1 SpAT:;>. •'lt XL•'II XL• (lllltJ0••3,) *£>RI liT 
S lJ 11 0 I S : ~ I I' 10 T <; + ll 1 S P t\ l 

7511 RR"RR+DR!'IT 
CDI=sU•t:lt~ 

7508 CONT!NIJF 
JF(G4.en.1.0)GO TO 7.09 

C CALCIJLAT!tHI 0~ !>IS!l!PATIMI COF.FFICIF.tJT USING THE COQRELATIOtJ DUE 
C TO GOLDRF~G 

PSGoti=(THI;Tt1 •DIIIIOX!) IU11!1 
CDECOP=1 .·(~~00J000,0•CP~Gl>N••3))•(100,0•PSGDHI 
RE NI 1 = (I HI 11 * T>l FT 11 ) I ( E lJU •1 (' , ) 
COFp=0.011?/(RF11!1*•0.1667l 
coEnL•CnFP•~nFrnP 
n C 0 1> X= I 0 . tl 0 ~ ,,. I C I> F tl L • CD 1 I ) ) IT H F: T I 1 
DC 0:: DC D I> X *OX 
rD2taCil11+0r.D 
CDI=:CD2t 
WRITFI2.~~011nPTO)(I,CD21,CD1toCOECDP,PSGON,CDFP,C0EQL 

7509 CONTINtJr 

C CALCliLATl•1:l OF TOTAL PRESSIJUF GRAI>IENT FROH THF. F.NERGV INTEGRAL 
C EQUATIMJ 

DPTPXI::(OTHqXI•COI+~1)1[? 
WRITri?,~~OOlnPTilXI,CDI 
IF(G~.FI1,1.~)G0 TO 7~10 

7510 CO tiT I NI IF' 
TAUI2=CF?.I*Il.'i 
TAU I X:: (TA\ llf • TA Ill 2) I') , 
G E 0 tl PI r: T 11f-T I 1 * C ~ R r> X 11 R 11 l 
G RA D P VaT H FT I 1 * ( < 0 1J I If> X I • ( HA X I I 1 + 2 , ) ) IIH11 1 l 

C CA L C IJ LA T I tl !I 0 F T 0 TA L PR E SS 11 RE G RA Ill PIT TF. R 11 I I I rt MI E 11 T 1)11 F. Q N 
JF(G6.Et1.1.'l)l;fl TO 1311 
D PT 11 I 2:: ( ( I R 12 * R 117) ~ CRI 2 • R I?) ) I R I 2) * 11 PT 0 X 0 * 0 • 2 5 
GO TO ,-;o 

138 DPTIII=O.CJ 

C D M l HT • L r. F T ~A >I 1'1 S I 0 F 0 F ~~ 011 E IJT IJ 11 F Q IJ • ( ltl NE R W AL L) 

1 3 9 D 11 l HT= ~ T H X I • Tfl I' TI 1 * ( ( D R 0 X I I R I 1 ) + I D IJ I I 0 X I • ( HA X I I 1 +? , ) ) 11 I I~ I 1 l • TAU I X" !l 
1PTI1I•REY'irt 

C IF THE r.OilllFr.T ~HAPl" PARAIIFTFR (<;Kill FRit:TION COEFFIC!EriT) Ho\S 
C BEE IJ A c; <; 11' IF n n Ill 11 T :I I L l R F. Z F R 0 0 R 'I I T H Ill T H F Ll M ITS SPEC I F I E 0 B V 
C D 11. I F n t1 1.11 T 1 c; n IJ T <;I D r: T 11 r till I TS T H FIJ A N F IJ 1/ A L IJ E 0 F C F 2 I I S 
C FSTIHATrn A•JO THE CALCIJLATIOJIS HEPEAHD UNTIL r>IILHT Cot~Fc; WIT~IN 
C LIMITS 

5201 :D'l! HT 
W R I T F C1 , ,'\"I t1 i l n lit HT , U 2 I , HA X I I 2 1 D F l C 11 , 11 P Tf!I 1 T 11 F Tt 2 
c;202=An<;l<;:'.)1) •Oil 

1Fis202>~">.>'i,'io 

C !TERATIOII PqOr.Fn!JilE TO FHIIl CORRECT VALUE OF C~?l 

56 00"011+1 



DF"DD•2. 
nG=oo-~. 
I F ( D F ) 71l <1 , 7 01 , 7111 

700 ~221 =52111 
~22?=C~?I 
r. F 2 I "C F? I • D r. I fl J 
GO TO 5? 

701 tF<nG>?n?,7n4.7n4 
702 J~<s201\701,11,700 
703 tF<s221>7n6,11,707 
706 q203=AR~f~?01l 

'204:Aqq(,?;>1 l 
~205=S?Il3-~20t, 
s206:CF?J·q~27 
~7.07:$;>[)1\/ ~,!), 

S201l=Si'111 
~209=CPT 
DCF=~221wq?,n7 
CFci=S2??.+11r.F 
GO TO ~7 

707 s231=AR'('~01) 
s232=Aii~(~??1 > 
s233=S2">1 +S?);> 
s234=CPt-~?n 
<;235=$~";4/<P>~ 
szos=s2n1 
'209=CF?! 
ncF=qz-,;r, .. ~~o1 
CF2p:cpr.nr.r 
GO TO 57 

709 IF(S?21l?10,1,,711 
710 S241=AR~I,~D1\ 

~2'•2=Aii~1,:.'7.1 \ 
S243=S~41+S?4,> 
'244=CF?I•02? 
1245=~?41,/S?4~ 
s20il=S2il1 
S209:CF;>t 
DCF=S241•<;?11 
CF2I=CF?.l•flr.F 
GO TO ~? 

711 s213=AR~(~::>01\ 
~21t,=An~ r,.,,, \ 
'?15=5:113•S?14 
~216=CP!•O?? 
s217=S?1n/S711 
S208:S?01 
S209=CF2T 
DCF:c;21"1•~;-,1 
cF2p:sn?-nu 
GO TO 5? 

704 IF(S201\70),)),712 
705 JF<s20A\7~A.~~.?08 
708 s231=AR~(~::>~1\ 

S232=A~<;I~?OR\ 
~ 233=S ?·~1 +S ?1;> 
~234=C ~?I-s ;>no 
s23S=S714/q1~ 
szos=s::>o1 
s20~:Cr?T 
DCF=S23~•,21l1 
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CF2I=CF?.!+11r.F 
GO rn ~? 

712 IF<s?0~171~.s~.711 
713 s251•Aq~(~?011 

s25?=Ail~ < ~2.1~1 
s253=S2'>1+~~';:> 
s254=CF'?I·OOO 
s255=S;><;I,JO';\ 
~208=5201 
S20Q=CP1 
ncF=s2~'>•~::'r)1 
CF2!=CF?l-~U 
GO ro ~7 

5 5 C 0 N T I ~i'J F 
Qll roNTINur 

OLDAS!ai)F.ll'l~S 

bSI 

CXXXXXHAVING SOLVFI'l THf !1011F.NTtHl FQlJATIOIJs THE VALUE~ OF tiAX. VFLOCITV 
C FOR THE Tl'O LAVf RS AQE COI!Pi\RF.O. IF THFV A~F. THf !>AIIF OR WITHI"l 
C T H E Ll 'H T ~ ~ P ~ C t n c D n V D ll 11 T ll E tl T li ~ C ll R R Fr. T V AL ll E 0 F T i1 F P ll ~ l T I MJ 
C OF ltAX!'tlf!l V~l nr.JTI'(RI12) lfAS BEEN A~~lli1EIJ. IF TIIF. DIFFERENCE !H 
C IJ EL 0 C l TV ( 111\i H ~ l I S 0 If T ~ I n f T H f' SPEC I rt F 0 l HI! T ~ THE ~I A "'F \J V A L lJ E 
C OF Rt12 I~ Fqtfi,\TEO ANO Tllr CALCIILATJMJS RF.PE~TfO UIJTIL (IJIILIIS) 
C COI1ES lJtTdT•J IIIIITS. 

S302=AR~ ( q ~ll1l•l>llfl 
IJ R I Tf ( ~ , ? 2 3 1 l R 11? , UJI 0? , lllll 2 

2 2 31 F 0 R 11 AT ( F 1 ? • ~ , 1 .. '1. , F 1 2 .(, 4 X, F 1 2 • 6) 
If(S3021~?,5?,7QQ 

CXXXXXqEITf.RAT!Ofl P~OI.FDllHF TO F!llll CORRECT VALUE OF Rf~2 

799 uu=uu+1. 
uv=uu"?. 
uw=uu-3. 
tF<uv>~no.~.l1.~o1 

llOO S321=S,01 
S 3 2 2 = R 'I;> 
l F ( I H1D? -ill I! ? l .12 , 59 , ;\3 

82 COilTt:liiF 
Ri~2::RI1~+n'llli NT 
GO TO ~r;R 

83 nuri::10.n 
r,o ro 5? 

fl01 I F<tHJl llfl? ,.'104 ,1\•14 
1102 !F(S301l~,~.~9,a09 
1103 IF(S321lR!lt\,';O,ft07 
806 S303=A~~(~1011 

S304=A0<;(~~:>1 I 
s305=S\o~-qo4 
~306=R•t?· <;-:;? ;> 
S307=S10t\/~\1)'; 
<;301l=S3r,1 
s3U9=~•t? 
~ R 11:: S 3 2 1 • <; 'l n 7 
Rf12::S3??•0R'I 
r.o ro ~'ill 

1107 S331=i\R<;(~101l 
S332=A~<;(<;3?1l 



s333=S~11+~~12 
~ 334=RI·1?• ~ ~ n 
~335=S~H/~111 
nos=s~o1 
~309=R'1? 
DRf1::<;33~•~1fl1 
Rf·I2:Rfl2+fhll1 
GO TO 5~1\ 

1109 TF(S321\il11l.~0,:111 
1110 ~341=ABq<;"':d1\ 

S342:AA~ ( ~~;>1 \ 
<;343=531,1•~'11,;> 
S 3 4 4:: R '1 ;> • <; ~ ? ;> 
s345=S~t,t.;~~43 
c;3Ua=s>:o1 
~309o:R!I? 

oRI1=s3t,s•o;1~1 
Rt12=Rfl?-n~l1 
GO TO 'iC./l 

1111 <;31 3::AR<; ( <;":.)1 \ 
s31 4=Aqc; 1 <;121' 
~315=5~11-~~11, 
s316=R!!?-<;1~? 
s317=S31ti/q1 ~ 
s30a=s3o1 
S309=R'!? 
DRII=S317•'; 1'1 
Rf~2:S3::>?·•1R 1 
GO TO 5'ill 

804 TF(s301)/l0r,,SQ,312 
R05 IF<s3oq,Roti.~v.aoa 
1108 S331::AR<;(~101) 

5332=AR<;(<;10il\ 
s333"S~11•~n2 
<;334:: RI!?• <; ~~Q 
., 33 s" s;' ,,, q ;; 
S308=S3(11 
S309::R•I? 
DRI1:S33~•<;101 
Rt12=Rf1?+flPII 
GO TO 'i'ill 

R12 IF(S30illll1~.59,J11 
1113 ~351=AOc;C<;~~1\ 

S352=AR<;(<;"I;fl/l\ 
<;353=S3';1+S1'i? 
S 3 54= R 'I?. • <; 1; 0 0 
S355=S3'ii./S\~"I 
S3li3=S~01 
<;309=R'1? 
D R 11 = ~ 3 5 ~ • ~ ": •) 1 
Rt12= Rli2- n ~11 
GO TO 5~1\ 
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CXXXXXIF (IHILIIS\ IS IJiTHitl Llt1!T~ THFfl THF r.ALCllLATI<H:S AT CX+D'O ARE 
C COI1pLET[ AOn •LL THr DATA nnTAltiE~ AT CX+DX) l~ RE·~PFCIFIED TO 
C BE CM! E TIfF n AT A AT PI lET T 0 THE N F X T S T FP 

59 CONT!fliJF 
UHHAX=1.•((q0?•ntSTn?)+(RI?•oLST!2))/(0.5•C(R02•R02>~CRI2•R!2))) 
E NG RAX =·;. • ~ •JT ~0?.• Dll!illXO /11111 1 
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AREAR0:((R0?.•q02l~(~t2+R!2))111, 

U Ill AI~ 2" I J 11 f1 A X +1111 0 2 
UtlEAIJ I =Ill If' A•t7 • A~ ~ARO 

C CALCULATION OF VFLDC!TV PROFILE ENERGY COEFFICIENT AT (X+OX) 

ALP ll = ( lfl7 0 + F N 7 I l I ( ( 1111 EA tJ 2 ** 3 , ) * 3, 1 41 7 • ( ( P 0 2 * R 0;)) " ( R t 7 *R I 2) ) ) 

C CALCIILATION 0~ tOSS COrFFIClENT 

RfiLOSC=RIILil~ I +All~ ( (llPTOXR•dl11n?•UI102•r>X) I (li11EMII+UIIEAfll)) 
R!HOS I :oR'ILO~C 

C•****\JARtJ!fH; 11= r.ALCIJLAT!Ofl DOtS NOT COI'tiFNCE AT X=O.O THE~ TH~ • 
C INITIAL 1/,H•IE fll' CP OllJST flF THE IO[Al VALIIP. sn THAT IJHE<J TH[ INITIAl 
C INITIAL Ut<;<; r.OFFF IS ~IJOHACTEO THF ACTUAL CP IS OBTAPIE~ 

IF(Gt\.~n.1.0lr;n TO 3117 
GO TO 3116 

387 RfllnSC=0.\1 
~86 COIIT!filll' 

C P = C P I fJ T + ( ( C 11111 •JT +Ill! T 11 T) " ( 11110 7. *!Ill 0 2 l ) I (Ill~ E All! *I HI I' Ml I ) l "R M L 0 ~ C 
CPIOL=1 O'G~C,IPII/(A~EARO+AREARO)) 
LOSCOFcr.PII\t'•r.P 

C****'qOHAGF OF IIA!IIr~ AT (X+I\X) PRIOR To THESE VALUES BECOMING TliE 
C*****INITIAL COII~ITTOtiS TO TIIF llEXT STCP 

M=l1+1 
1=n 
ALPHA(Il=t.lPH 
RI1A (I) =RII? 
OPTtiA (I l =~PT'IO 
CPA(I):rCP 
l 0 S ( I ) :I 0 <; C •H 
ARA(I):rAPrA~n 
lltlfiA (I) :!PHI ·\X 
THETI(J):THoTt? 
HIA<Il=lll\~112 
THE TO( I )::THPn:> 
HOA (I) "HAX 1 'l? 
XAC(l):XACT 
flFLTHO( I \"~''IT40? 
01 SiJO( U=r.ll 
ENGRAD(IlcF~G~AX 
DPT!lX(Il=~PTTli(Q 

DELTHIC!l=~~TNI2 
0 I S tJ I ( T l = C 0 I 
~IISTO (I l =RI' V~ CO 
CFO(!l=r.F?O 
CiRADPOC!)~r.~A~PX 
GEOtlPO(tl=GFO•tPX 
SHST! (I l=RI'yc;r,y 
CFI<Il=I'PT 
CiRAilPl ( l) :C.~AI)PV 
IJ H I TF ( '? , 4 4) 1 l X A C T , ll A X I 0 2 , 11 A X I I 2 , R o 2 , R 112 , R I 2 , ll I I 0? 

4 4 31 F 0 R 11 AT (;>X , F ~ ;>, ,; X , F (, • 3, 3 X , F 6. 3 , 3 X , F 6 • "; , '1j X , r(, , 3 , 3 X , F (, , 3 , 3 X , FP,, 3) 
\.JRIH(?,.101'1·1\I)T IXOttoFOilPX,GHADPX,TAIJOX,THFT02rT~FT01 

!lO 0 I) F 0 R 11 AT ( ~ 0 . 6 , ;>X , F 9 • 6 , ? X, r <> , 6, 7 X , F 0 • 6 , ? X , ~ 0 • 6 , ?X , F o , 6 l 
URlTF(2,8•100lnTt!XIt~FO~PI,nRATIPV,TAIJIX,THETI2rTrlFTI1 
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C*****REVISED !~LET ~ONOITIONS TO NEXT STFP 

R01::RO?. 
RJ1::RI? 
RH1 ::RI12 
111101 =U•rn?. 
Ulll1=ll'lt2 
CF1o=CF?O 
CF1 r=CF?.t 
TAUo1 =To\1102 
OPTI!I=~PTIIP 
OPTJIO=Oi>T'10~ 
HAXI01zHAXT12 
HAX! T 1 =HAl(! 1? 
n L S T 01 = 11 L ~ T 1? 
DLSTI1=r•I.~TT2 
TiiET01 ::TIIrT'l? 
THFT!1:>THFT!?. 
TAU! 1 =TAll!? 
DRHI NT=r!ll?~~~n 
F NTH I 1 = PITH T ? 
ENTH01 :Ft1Til•1? 
r,o1o=Co?n 
DC I tl 0" ~ 1 :>? ~ r. r.? 11 
nCiu1=~?2?~r.F?I 
CD1r=Cn?I 
GO TO t;O 

9100 CONT!Ili)F 

C *****PR I tH 011 T 0 F R ~ ~ 11 L TS 

WRITFC2,1411 
141 FORI1AT(1H1) 

WRITFC?,145> 
145 FORIIAT(//1) 

UR IT F( 2 ,10•1> 
1 0 0 F 0 R 11 AT (\ 0 X , 4? t1 PR F 0 I C T I 0 N 0 F ANN U LA R D I F F lJ SE R PER F 0 R ;r A 'I C E ) 

WRITF(?.,101) 
101 FORJIAT( /1P.)(, 1 ~Hfll FFII~E~ r.FOIIFHV,) 

1J R I H ( 2 , 1 f\?. l \1 A l AtJ 0 , tJ A LA Ill 
102 FORIIATC/1:'1X,1<nr·rALL ANGLFS. OllTER=•F7,3,1XI9HDFGREEs 1,6HIN1lER=,Ff. 

1 .3•1X,711n>r.~Fn> 
\1 R I T E ( :1 , 1 (J 3 ) R ll I 'IT , R I 1 tl T 

103 FORIIATC1RX,f<>rtPILET RADII. OUTER::,F5.?,X,6HPI~. ,t>H!tHIFR:~,F5,2,1 
1X,4HIN~.) 

WRlTE(2,104JOtFtiOL 
104 FORiiAT(1 il)(, ~'>~Ill FFIISF'R trOll DJrlEIIS!OtlAL=~ FS, 1) 

W R I Tf: ( 2 , 1 n r, l X A r.r I tl 
105 FORllAT(f1;;X,4~H!NLET CONOITIONS CCALClJLAT!OtlS COMilENCE AT X"' 1 F6, ~. 

11X•SH!Ig,)) 
WRITFC2,106)HOI~T,IIIINT 

106 FORIIATC/1/;X,?Oll~HAPE PARAIIf'TF.RS. OUTFR ~IALL:~,F6.3,X.11H!NNr.R HALL 
1=,F6.31 

WRITE(2,1n7lTH0tNT•TII!IIIT 
1 0 7 F 0 R 11 AT ( 1 ,1 X , ) 1 411 < l ~~ E 11 T 1111 T H lr.l( N [ S S , 0 11 T F. R \lA L la , F 6 , 3 , 1 X 1 41i I N S , 1 11 HI N 

1NER 1/ALt.::,Fr, ~.1X,1HillS) 
\1 R I T F ( ~ , 1 0 ;'\) 11' I I 'IT 

108 F0RtiATC1ilX,17~II.\X!IIIJII VELOC!TVa,F/\,3,1X,6Hn/SFC) 
\IR I TF (?., 1 M l R'IIIH 

109 FORi1ATC1ilXd0HRAOIIIS OF POSITION OF ltAXIMIHI VELQCITV•,F6,3,1Xt4HI"' 
15,//) 
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14RITF(~,89?~> 
8026 FORI1ATC/1<1X,SFlH~tST HO TfiF.TA HI THETA IJI~EAN AREA LO~S 

1 CP,Ofl Rt1AX) 
WRITE(2,1\0?7) 

8927 FORI1AT(10X,~1HX OIITER INNER UMAX RATIO COH., 
114H INS) 

DO 8922 I111,11 
ll9 2 2 14 R I T!' ( 2 , 11 'l ?. \ l X A C ( I ) , H 0 A ( I) , T H ET 0 ( l l , H I A ( l ) , T H ET I C I ) , U' 111 A ( I ) , A RA C I ) 

1 , L 0 S ( I l , C P A c J l , v 11 11 ( I l , A LP H A ( I ) , D PT 11 A ( I l 
89 2 3 F 0 R tl AT ( 1 7 X , ~ ~ • ? , 1 X , r 5 , i1 , 1 X , F l'i , 3 , 1 X , F 5 , ? , 1 X, F 6, ~ , 2X , F 6, 3 ,1 X , F 5 , 2, 2 X 

1 ,F6.3,2x.r6.~.?x,F6.~,10X,F6.3,2X,Fil.5l 
WRITF(2,110l 

110 FORI1AT(f1il)(,4QIHFOR ADDITIOtJAL [lOUIH>ARV LAYER DATA SEE OVF.RLEAFll 
WRITF(2,11.1l 
wRITf(2,14r,l 
WRITF(2,1f.lll 

140 FOR!IAT(1~X.42HPHFI>ICTIOIJ 0~ A!HHJLAR DIFFUSER P~RFOR•IAIJCEl 
ll R I TF < ? , 111 l 

111 FORJ1AT(/40X,3lHCADDtTIDNAL ROIJNDARY LAYFR DATAl) 
\JR I TE ( 2, 11? l 

112 F0RIIATU3".X,?\HTHE0RrTICAL A<;SUJIPTIONS) 
WRITEC2,114l 

114 FORtiAT(/~~X.?IlHVFLDC!TY PROFILE • COLES LAW) 
WRITF <2 ,11">l 

115 FORt1ATC1~X.~7M<;KI~ ~RICT!ON COEFFICIENT • COLES LAW) 
TF(GA.E0.1.0)RO TO 117 
WRITE<2.116l 

116 FORtiATC1~'<.5QilJIO!l!FJrAT!ON TO BOUNDARY LAYER TH!CK'jFS~ INCLUDED (R 
1EVISE0)) 

GO TO 140 
117 ~IRITF(2,111\l 
118 FOR!1ATC">~X,S3HI'Oil1FICATION TO BOUNDARY LAYER TH!CKtlr.SS !JOT IIJCLIJDF 

1 0) 
149 CONTI NUF 

tF<G1.Fn.1.~>nn TO 1~6 
120 \4RITE(2,1?1l 
121 FORI1ATC"I5X,4SHF~T!IIATE OF RF.V'jOL!lS 1/0R~IAl STRE<;SFS INCLUDED> 

GO ro 1 r;(l 
156 CONT!Nill' 

IJ R I TE ( 2 , 11 'I l 
119 FORIIAT()~X.4t'Htrq!fi/,TE OF REYIIOLOS NORI'AL STRE<;SES •;OT INClllDED) 
150 CONTINUF 

IF<G2.~o.1.0lRO TO 1?3 
\JRITEO,P2l 

122 FORJIATC1'iX,,nHTI)TAl PRESSIJPr. LOSS JIJCLUDF.fl (ROTTA)) 
123 IF(G3.Fo.1.0lft0 TO 1~5 

WRITF(?,1?1,) 
124 FOR!IAT ('\~X. 44HTI1TAI. PRESSURE LOSS IIJCLUDED niiX!NG LENGTH)) 
125 IF(G4.Erl,1.0lr.O TO 127 

URITF (2 ,1 ?I)) 

126 FORI1ATC<'iXd'IYTriTAL PRl'SSIIRF. LOSS IIJCLlJDED (GOLO£\ERGll 
127 IF(G5.Eil,1.n)r,O TO 1?'1 

WRITE(;) ,1 ?ill 
128 FORJIATn5x,c;1HTllTAl PRF.S<;IIR( LOSS IJJCLlJDEO (EXPERHirtlTAL RE<;ULTSll 
12'1 IF(Gf>.Eil,1.1llc;O TO 157 

GO TO ll?.O 
157 CONTI!JIJF 

\~RITF<2,1'10l 
1 'I 0 F 0 R t1 AT ( "': 'i X , ~?I( T tl TA I. PRESS lJ Q E L 0 SS 110 T l N CL IJ ll F 0 l 
1!,:9 roNrtNur 

JF<G7.~<l.1.n>nn rcl ~Q89 



WRITE ( 2 ,1\9:1~) 
89ll8 FOR!IATC1~X,t,O,IT<lTAL PRF.SSlJ~E LOSS !NCLllDF.!l (SiiF.AR STRI'SS CiRADIE~JT 

1AT RtiAXll 
891\9 CONTINIJF 

131 WRITFC~.1121 
132 FORI1ATC"I~X.40JHJ<l HET 11AS~ TRAIISFF.Il nETWI'FN INIJFR P. OUTER LAYERS) 

WRITf(?.,1:;':l 
133 FOR!lATC15X, 17dll<l PDTEIHlAL CORE/) 

URITf(?,i\r:>?;l) 
8928 FORI1AT(!SX,~91lO!<:T DCLu [JISPN. llEL·H DISPN. 

1 N • S • C , n IJ , S , C • C ~ ) 
W R I TE ( 2 , il '? ? 'l •) 

11929 FORIIATCt)X,O~HX DUTf.R COO IN•IER CD! OU 
1TER I)IJTF.Q !tJIJrR tNtJFR) 

DO 8024 !=1,11 
8924 WRITF<?.,89?~1XACCI),nELTH0(1) ,DISIID(!),FNGRAD(!),DPTOX(I),DELTHI(l 

1 I , 0 I S tJ t ( l ) , <; H <; T 0 ( I ) , C F I) ( I ) , G RA IJ P n ( I ) , r. F 0 MP 0 C I ) , S H S T I ( I ) , C F I C I ) , li RA 
2DPl(!) 

39 25 FOR!IAT (I, X, F ~.?, 1 X, F<J. 3,1 X, r7. 4,1 X, F7. 4,1 X, P, 4 ,1X, Ft). 3, 1 X, F7, 4, 1X, 
1 F 7 • 4 , 1 X • F il , 5 • 1X , F 7 , 4 , 1 X , F /1, 5 , 1 X , F7 , 4 , 1 X , F!! • 5 , 1 X , F 7 • 4 ) 

GO TO 1 
STOp 
END 

Etlll OF SEGMEI~T, LPIC.T<I 6{,69, NAIIE ll201 



Appendix 29 

Theoreti~al Boundary Layer Growth 

Coles Law Pred1ction Hethod 

• 
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TABLE A29-1 

0.75, CNEA, (Boundary Layer Thickness modified using 
correlation 'A' - Fig. 5-6-2) 

PREDirT!ON OF A~NIJLAR DT~FU~~~ PERFORMANCE 

Dl~~USER GEOMFTRV 

IJHt ANGLFS 
I NI FT RADII. 
01 FFliSER N!HJ 

OUTEP= 10.000 DEGRFFq .!NNFR: 
OUTER= 6 13 IN~. ,INNEQ: 5.00 
Ol11ENSI0HAL= ~ 0 

0. 000 DEG HE~ 
IN q. 

!NLFT CONDITION~ rCALCULATION~ COMMFNC~ AT X= 0.750 INS 

~H~PF. PARAI1FHRS. OUTrR IJALL= 1 481 INNFR ~JALlc 1.403 
'10MF.NTUM THTCKNES~ OIITER WAit= 0.056 IN~. INNFR WALl= 0 041 JNq 
~AXTMUM VFLOC•TV= 137.400 FT/<;EC 
~ADTIJS OF POSITION OF MAXIMUM VFLOC!TV= 5.555 JNq. 

OT<;T Ho THETA HI THoTA llr>I~AN A~EA LOSS CD RMAX 
X OIJTf'R INNFR llMAX RAT I 0 COEFF IN<; 

1 oo 1 . 50 n 062 1. 39 I) 045 0.865 1 . 19 0 041 0 238 5.5?6 V 

1 25 1 . 52 0 1168 1 . 41 0.049 0.855 1. 24 0.042 o 290 5.591\ 
1 <;(I 1 . 5 <; 0 •)74 1. 42 11.054 0.846 1 29 0 045 0.~36 5.61? 
I 75 1 . 511 0 fJ8 0 , • 1,3 0 Q')Q 0.835 'I. 34 0.046 o.~77 5.6~? 
2 1)0 1.o?. 0 tl86 1. 1.4 0 063 0.825 1. 3Q 0.048 0 t.14 5.657 
2 25 1. 66 (, 002 1. 46 0.06/l 0. 81 5 1 44 0.04Q 0 1.47 5.(..?7 
?. ~() 1. 70 0 QQ/:l 1 . 4 7 0.0/3 0.804 1 . 50 0 050 o 476 5.696 
2 '15 1 . 7 5 0 105 1. 49 0 07/l 0. 793 1. 55 0.052 o 502 5.? 1 4 
~ 1!0 1. dO u 't 11 1 . 5 () o.oa~ 0.?81 1 60 0 054 o ~25 5.?32 
~ /5 1. 86 0 117 1. 51 O.Oilll 0.?70 1 65 0.056 o 545 5.?'511 
3 5(1 1 . 9 2 0 124 1 . 53 0. 092 0.?58 1 71 0 057 o ~63 5.76(., 
3 ?'5 1. 99 v 130 1 . 54 0.096 0.?46 1. 76 0 0511 0- ~80 5.781 
4 (J{t 2.01. \) 136 1 . 55 n.1uo 0.?34 1 . 81 0 061) n 594 5.795 
4 25 2. 1 4 0 142 1. <;6 0. 1 04 o. 121 1 87 0 062 () 606 5 .1109 4 '>ll 2.23 u 11.8 1 . 58 0.10? 0.?()9 1 92 0 06~ (l !.17 5.1'.;"11 
4 75 2.35 0 152 1. 58 0.110 0.695 1. 9? 0 065 o 625 5.1131 5 on 2.52 ,] '1 56 1 . 59 n. 11 o 0. I, 79 2 03 0.06~ 0.629 5.8~5 

(~OP ADDITIONAL BOll"lDARV lAYER DATA ~EE OVERLFAFl 



• 
TABLE A29-2 

0.75, CNEA, CORRELATION - A 

PREDICTION 0~ ANNULAR DIFFUSFR PERFORMANr.E 

( AOO lT I ONAL BOUNDARY LAVeR DATAl 

THeORETICAL ASSUMPTIONS 

IIF.LOC I TV PROnLF - COLFS LAW 
~KIN FRICTION COEFFICIENT - COLF.S lAW 
MOfliFICATION TO FICliiNDARV LAVFR THir.KNEc;c; INCLUDED 
~STlMATF OF RF.VNOLn<; NORf~AL STRF<;'>I'<; INr.tUDFD 
TOTAL PRF'>SURI:: t.O<;c; INCLUDED (EXPERIMENTAl Re<;ULT<;) 

0 Nll NF.T MA'>S T RA fJ S FF R BETWEEN INNER ~ OlJHR LAYERS ~ 
NO POTENTIAL CORE 0 

DIST DEL** DT<;DIJ. 3 .S'*du 2 [ d P.] nFL** DISPN. N.C:.C. CF 9 0 (H
0
+2)du SodRo N.S.C. CF (H,+2)~dU X OUTER r.no u---ax pU' dx m INNER r.oi OUTER OUT toR U dx R0 dx INNER INNER u dx 

1 • 0 0 0.105 (I 00110 -o 041rl -I) !) •lt'fl () 070 0 0000 0.0007 0 00225 -n o2~s 0.00162 0.0003 0.00~90 -0.0181 1 . 2 5 o. 1 1 4 " (, fH)O -0.0400 -o !) "7? () t/1!6 0 0000 0.0008 0 0 0 211 •0 02'>2 0. t10176 0.0004 0.00.!80 ·0.0176 1 . 50 0,121. 0 tllliJO •0.04l.l~ -u 01174 () ,)94 0_0000 0.0009 0 00199 -0 o2s9 0.00192 0.0004 0.00269 -0.0185 1 . 7 5 0.133 () r, o '' o -o 0.'.'1 4 •o 0075 0 102 0.001)0 (\_01)1() 0 00186 •0 0271 0.00207 0.0005 O.OOC:6o -0.0191 2,01) 0. 1 42 11 oouo -o ll4111 ~o (1!177 I) 1 09 0 0001) 0.0011 0.00173 -o 02RO O.flfJ22'3 0.0005 o.nozso -0.0198 2.25 0. 1 51 ,, Oil dO -o \) 41 7 •(! Oi17Q (). 11 7 0.0•100 0.0013 0.00161 -o 021\5 0.00238 0.0005 0.00241 -0.0201 2.50 0. ~ 61 (J '> () ,, 0 -o u407 -0 (nl 1$1 0 125 0 0 ()() 0 0.0015 0 00147 -o 0284 O.Ofl253 0.0006 0.00233 -0.0197 2.75 0. 169 0 (I (H) 0 -o _ \J4u6 •t) 0111$3 0., 33 0.0000 0.0017 0 00134 -o 0291 0 00269 0.0006 o.ooas -0.0202 3.00 11.178 I) (101>1) -o 03Q o -o !Jf)lj~ () .141 0 noon n.oo2o 0 00121 -n 02R6 0.002115 0.0006 0.00217 -0.0203 3. 2 5 0.137 0 \,t•O 0 -o 0~70 •(I 1)(186 0., 41! (} (lQI)O 0.0023 0.00109 -n 0285 0.00299 0.0006 0.00200 -0.0200 3,51) 1\,195 ,, (Jill)ol -0.0371 -(i (I r, 8 A 0 , 55 0.0000 0.0026 (l 00097 -0 o287 0.00314 0.0006 0.110203 -0.0195 3.75 0 2 "'~ (I OOtlll •I) l1~7n -o tJ d HP, () 1 6, 0. Ot){lo) 0.0030 0 00085 •0 0 2'1 3 0 0!132<;. 0.0006 0.00197 -0.0186 4.00 0.212 ,, dOIJO •IJ.034'l •(} !) 0139 0 16/l 0 0000 0.0034 0 001J75 "() 027!1 0 00344 0.0006 0.00191 -0.0191 4.25 0. 2 ., 9 0 '•1\llO -o {J31o -o 0•189 0.174 0 0000 () 0039 0 00065 •0 0268 0.00358 0.0006 O.ll0186 -0.0175 t..so 0.22t. " 0000 -0.0297 -u (,(li)O 0. 179 0 0001l 0.0046 0 00055 -o 0257 0.011371 0.0005 0.00182 -0.0151 4,75 0.231 0 {I rt ~) () -0.0235 •0 ll•lb9 t/.,113 0 noon 0.0055 0 00045 -o 0 211 0 00383 0.0005 0.00178 -0.0137 5.00 0 2 SI, (J (;01)() -0.013~ -o t,l) 89 \). 11!4 () 0000 0 Ou79 0 001'1~3 -o 012R 0 00303 0.0002 0.00177 -o () 0 69 
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TAI3LE A29-3 

1.25, CNEA, CORRELATION A 

PPEDirT!ON 0~ ANNIJLAR DI~FU~FR PERFORMANCE 

WALL ANGLFS. nllTEP= 6.6'i0 DFGREF~ ,INNFR= 0.000 DEGREE~ 
PH I'T RA!;! I. OUTF.~= 6 15 INS . .INNER= •• 00 IN~. 

~ Dl FFli5ER NOtJ ntHENS!ONAL:: 7'. 'i 

!~LET COriniT!ON~ !CALCULATION~ CO~M~N~E AT X= 1.250 INS.) 

'>HAPI:' PARAIIFTFR<;. OIITFR IJALI= 1 1,00 INNER WALL= 1.30(, 
~O~!FrHIJI1 THrGKeJ!'S~. OIITER IH!L= O.O'i8 INS. INtiFR IJALI: 0.0~6 PJS 
'1AUi11!H vnnCTTV= 177.000 FT/<;EC 
1AnJUS OF POSITION OF HAXIMIJM VELOCITY= 5.56~ IN<;. 

OT~T Ho THETA HT THFTA !m FAN AREA LOSS rP 
X 011'1"~R IN~JFR U"'AX RATIO COFFF 

1 ~(l 1 • r; 0 (! 062 1. ~7 n.o:>;o O.ll73 1 . 1 9 0 04~ 0.739 
1 . 75 1. 52 0 0116 1 . 37 0.041 0.866 1. 23 0 046 0 773 
2 ,)0 1. 'i4 0 070 1 , >H n. OM. O.ll60 1 26 0 n 47 0 ~os 
~ ?r; 1 • 5I\ 0 074 1. }Q 0.047 0.1154 1. 29 0.049 0.~35 
2.'i0 1 • 5 i1 0 0?3 I. 3Q 0.049 0.1>.47 1. 33 0 050 0. ~62 
2.7'i 1 • {> 0 I) il1!2 '- 40 0.052 O.ll41 1 . 36 0.053 0 ~A a 
>.00 1 • 6?. .J Ol!o 1 . 41 o.oss 0. 11'5 1. 39 0.05-.: 0 412 
'-2~ L64 I). (Jil() 1 . 41 O.Oi8 0.1!~8 1 . f,3 0.054 0 434 
>.50 1 . 6 7 0 094 1. 42 0.060 0.~21 1. 46 0 OSr; 0 454 
3.75 1. 70 0 OQil 1 . 43 0.063 0. R 1 5 1 49 0.057 0.473 
4.()0 1. n 0 11)2 L43 O.Of>6 O.A07 1 53 0 OSR 0 490 
4 ?5 1.77 () i07 1 . 4 (, 0.068 0.1\GO 1.56 0 060 0 r;l)5 

4 St} 1 • a 1 0. 111 1 . 4 5 0.071 0. 70\ 1 . 6 0 0 060 0 r;20 
f, 7<; 1.(14 I) 1 • 5 1 . (. 5 0 07\ 0.7dli 1. 63 0 062 0 o;33 
5 r,l) , • (10 0 121) 1 • 46 0.076 0. 778 1 . 6 7 0 06~ n ~46 
5 ?~ , • c;. 3 (I 1?4 1. 46 0.078 0. 770 ., 70 0 063 0 o;S5 

·- 5 . 5 lj 1 • G? () 1'.!> 1 . 4 7 O.OR1 0.71>3 1 . 7 4 0 06'i 0 r;69 
5.7i 2 • (11 i) 112 1 • 4 7 O.OR3 0.755 1.77 0 06? 0 c;?O 
~ ,) (j 2. 0 (, 0 1:0:o ,_ 4~ 0.0!15 0.748 1 ll1 0.06R n r;P.B 
~.?5 2. 1 1 0 ~l.IJ 1 • 4!! 0.087 0.?40 1 . 13 4 0 06R n r;9 7 
I) • ) I) 2. 1 7 0 144 , . 40 o. or.o 0.732 1 88 0.070 n 1'.04 
6 l'i 2.23 0 Hrl 1 . 40 0.091 0. ?23 1 . 9 2 o.on 0.1'.11 
7 <10 2,30 0 1 ~ 1 1. 50 0. 003 0. 71 5 1 . 9 5 0 072 0 A17 
7.?5 2. "H <1.1'i5 1 . r; 0 0. 094 0.?01'. 1. 99 0 07'~ n lo'i'~ 

~- . - 7 50 2.5'1 0 1% . , . 50 0.004 0. 69 ~ 2.02 0 07'4 O.A24 

(~fJR ADD! T!OolAL [ln!HJDARV LAVFR !lATA ~F.E OVERLEAF) 

RMA)( 
IN~ 

5.5?0 
5.'102 
'1.606 
5.610 
5.6~~ 
5.6/.t'. 
5.6~11 
5.671 
5.6114 
5.696 
5.7()8 
5.719 
5.?>0 
5.741 
5.?'i1 
5.?111 
5.?71 
5.?1!1 
c;. 'i'Q 0 
5. ?oF. 
S.AO'' 
5.1114 
5. 11?1 
'i.l!;>? 
S.A?Q 



1.25, CNEA, CORRELATION - A 

PRFDICTION OF ANNili.All DI HUSI'R PERFORMANrE 

U•nDITIONAL BOIINDARV LAVFR DATA) 

THF.ORF.TICAL ASSUMPTION~ 

VFLOCITV PROFILF - r.OLFS LAW 
~KIN FRICTION COEFFICIENT - COLFS LAW 
t<llDIF!CAT!ON TO ROIHiDARV LAYFR THICKNF~~ !NCLUDE!l 
FST!t'ATF OF REVNOLnS NORMAL STPFSSF~ !NrtUDE!'l 
TOTAL PRESSIIRF LOS~ JNCLliDED (FXPF.RIMFNTAL PI'SULnl 
'"0 1'1 FT I! ASS TRAJ<SFF.R ~ETIJEEN JNNFR 11. OIITFR LAYERS 
NO POTENTIAL CORE 

DIST OF. I** 'IT S P tJ. 3/i .. dU 2 [d P.] 
1\F.I** ll!~Pr.J. N.~.c. CF (H 0 +2) 9odU 90 dR0 N.s.e. CF (H,+2)Q_,dU 

X OIITFQ r~o U dX pU 2 dx m !NNFR CD! OUTER OUT FP TI dx R;,iiX INNER INNER u dx 
1 • 50 0.10'i ' ~~· •1 'J () ·1J.0?6R •(J tP7, 0.068 o.oono 0.0005 0 00227 -o 0172 0.00109 0.0001 0.00322 •0.0104 •I 

1. 75 0 . 1 1 1 :r ,) t)G 0 "0 0250 -o \} "7 2 0. 1172 0.0000 0.0005 0.00:?18 -n O'lf>B 0.1111117 0.0002 0.00315 •0,0104 
z.oo 0. 'I ~ 7 )0 01) -o. vn; ·{r \ni 7 j 0.(177 0.00()0 0.0006 0 00209 -o.oi"19 0.001?.3 o.oooz 0.00308 -0.010~ 0" 

lJ \!' 
2.25 o. 1 n I} i\ OC· 0 •0.0270 •\I Ofo74 0 • (i 11'1 0. 0 0 0 <) 0.0006 0.00201 -o 0'180 0.001~0 0.0002 0.00301 .. o.o110 0 

2.50 0.1~,) ) t~fiOO -o.027R -o (•t•75 0 () "6 0.0000 0.0007 0.00192 •0.0'187 0.00137 n.ooo2 0.00294 ~0.0110 
2.75 ~.1)(\ d 1)()(10 •o.O?.?R -o 01177 0 1101 0.000(1 0.0007 0.001114 •0.0189 0. 00144 0.0002 0.00288 -o. 01 H 
3,00 0. '1 1. 2 () 1)\)' 0 -o 02Ut\ -o (!1'•71\ () 0Clt\ o . n ,Jo tJ 0.0008 0 00175 -o 010 7 0 00151 0.0003 0.00282 -0.0116 
3.25 (l • , t.fl •) tin fJO .,,_ 0?.14 •I) \11!'?9 0.100 0.0000 0.0008 0 001t\7 -c. 01 y 11 0.00157 0.0002 0.00276 -0.0123 
3.50 0.15'· (} l) t) \1 () -o.o:>a? -o orao 0.10'; o.nooo 0. ll0t19 0.001~11 -o.ozoo 0.00164 0.0003 0.00271 .. 0.0120 
3.75 0.1f>l) ,, .,o () 0 -o.G??P. -o.f.oa1 0.10Q 0.00t10 11.0010 0.00150 -o o1oo il.001?1 0.0003 0.00266 -0.0122 
4.00 1),1f\t\ ,, 110 ·I i) -(,_ 027~ •t) ooo3 0. 1 1 4 o.nono O.OIJ11 0 001 41 -o ozc.n 0.001'78 0.0003 0.110261 •0.0116 
4.25 0,17., 1. r,or,o -o.O?t\Cl -o (1{1()/.., o. 11 R O.lll100 0 0013 0.00131 -o 0199 o.no1!l5 0.0003 0.00256 -0.0119 
4.5G 0.17/l ;, Ct1VO -u.027• -o f•IJil5 0.1?2 o.nooo 0. 0014 0_00122 -o 02t~4 n.oo192 0.0003 0.00252 -0.0117 
4.75 C\.1il4 ·~ ·) 0 (;('I -0 11? c,:~ -o "'' d 6 0.126 0.0000 0.0015 0 00114 -o.o2o1 0.00198 0.0003 0.00249 -0.0121 
5 . 0 lj 0 • 1 Q (1 J 11 I) • I 0 ·u.O?t>;> •(I 11ll8"? 0.130 0.0000 0.0017 0 00106 -o.o2n4 0 00?05 0.0003 0.00245 -0.0113 
5.2S 0.1<;/', ·, till,, 0 •(1. 02J9 -o (JI)3i\ 0. 1 3 4 0.0000 0.0018 O.OOOQR -o.o2"5 0.00212 ll.0003 0.00241 •0.0109 
5. 50 0 • ;" l' 1 ,; ~~ouo ·G.0?4o ~o c~ td:>B 0.'138 0.1/000 0.0019 0 ooooo -o 0 2 (, 1 0.00219 0.0003 0.00237 -0.0116 
5.75 o. ;>;,(\ f) ,, (l (j (\ •u 021+R ... 0 (I(~ 3 ~ 0.142 0.0000 0.1)021 0 00011~ -o. o2,:4 0.002i!5 0.0003 0.00234 ~0.0112 
6.00 O.?i? " POliO •(j 0~41\ -o (•(lbc; 0. 146 0.0000 0.0(122 0 00077 -o.o2o5 0.00231 0.0003 1),00231 -0.0111 
6.25 0.?17 -, ,,(\(,0 -o 0231 -o L~nso 0' 1 49 0.0000 0.0025 0 00070 -o.0196 0.00237 0.0002 0.00228 -0.0103 
6.50 0.2/? ) \,t•; uO -o.o2211 -u 0 i1 so 0.15/ 0.000!) 0.002'? 0.00064 -o 0190 0.00243 0.0002 0.110225 -0.0104 
6.75 0.2?7 I llll•oO -ll. 01°7 •\J c·r,so 0.'15'5 0. 000(1 0.0031 0 000~7 •I) 0'174 0.00249 0.0002 0.00223 ~o.oo93 
7.00 0.2'1 1 (I 1lOvO •(1.01117 •\.) {/ 1311 0. 157 0. 0001) il. 0(J3; 0.00050 -o.016Q 0.011254 0.0002 0.00221 ~0.0083 

7.25 0,,)1) " 0 0 ;H) -0.0177 -o O·'oll 0.1<'ill o.nooo 0.0038 0 00044 -o_016-; 0.00259 0.0002 0.00219 -0.0081 
7. 5 (l () • ;' -~ c'> J I~ n \, ,, -o. oo,ln -11 \)ddf. 0.16\l O.OOilt) 0.0052 0 00035 -o ·oos2 0.00264 0.0000 0.00219 -0.0039 



bb1 

TABLE A29-5 

1.25, CNEA, CORRELATION - B 

PREDICTION OF ANNULAR DIFFUSER PERFORMANCE 

D! FFUS~R CiE011FTRY •. 

Uttl.l ANiiU=S. OIJTER= 6.650 DFGRF.ES , INNF.R• 0.000 DEGREES 
IHLET RADII. OUTEA= 6 15 IN~. o!NNER= 5-00 INS. 
D I H 1J SF. R tJO N D I fl F. MS I 0 N A I.= 7. ~ 

lt1LFT Co,,OITinN~ !C~LCIILATIONS CoM"~ENCF. AT X= 1.250 INS.) 

SHAPE PARAIIFTFR~. OIJTFR ~IALL= 1.502 ItH~ER WALL= 1.392 
'liH1ENTUfl Tfl!CKNES~. OLITER WALL= 0.071 ltl~.INNER WALL= 0.062 PJS 
41\XTHIIM VFLOCtTV= 127.000 FT/~EC 
RADIUS OF POS!TlUtl OF MAXIMUM VELOCITY= 5.566 INS. 

DTq lln THETA Hl THFTII Uti F AtJ AREA LOSS Cp R~IA X 
X OUTr.R tNNFR Uti A X RAT I 0 CO OFF rN~ 

1 so 1 . 53 0.01'5 1. 41 0.06f> O.R22 1 . 19 0.032 0.235 5.SRO 
1 . 7 5 1.56 0 079 1.43 0.070 0.1113 1.23 0.03~ 0. ;168 5. 59 4 
2 on 1. ~Q O.Oi'\3 1 • 44 1),074 0.1105 1.26 0.034 0.300 S.61l7 
?..25 1 • 6 2 0.086 1 • 46 o.on 0. 79P. 1 . 29 0.035 0.328 5. 6 21 
2.50 1 • 6 r; 0 01')0 1 • 4 7' 1),081 0, 7M 1 . 3 3 0.037 0.353 5,634 
2 ?5 1 . (,Q 0 094 1. 40 0.085 0.71\1 1. 36 0.038 o. H7 5.647 
3 00 1 • ~~ 0. O" 8 1 • 51 0.1)88 o. '7'72 1. 39 0.039 0.399 5.659 
3.25 1. 78 0 102 1 • 5? 0.091 0,764 1 . 43 0.040 O.t.19 5.1172 
3 so 1 • 31 0 106 1 • 54 0. 09 5 0,755 1 . 46 0.041 0.436 5,684 
3 7t; 1 • 811 0 1 09 1 • 56 I). (\98 0.746 1 . 49 0.043 0.453 5. 696 
4 00 1.q 0. 113 1 . 58 0. 1 01 0.737 1 . 53 0.044 0.468 5,707 
4.25 1.QQ 0. 116 1 • 6 0 0,104 0. ?28 1 . 56 0.1)45 0.481 5.718 
4 so 2.05 o. 1 ?o 1 • 61 0.107 0.719 1. 60 0.047 0. 494 5,73(1 
4.75 2. 11 0. 123 1. 63 0. 11 0 0,710 1 . 63 0.048 o.so; 5. 71.0 
5 01) 2 • 1 7 0 127 1,65 0. 11 3 0,701 1 . 6 7 0.050 0. 51 6 5.7~0 

-5.25 2.23 0 .. 1"!0 1 • 6 7 0. 116 (1, 69?. 1. 70 0.051 0.526 5,760 
5 so 2,30 0- ~ ~ 3 1 • 611 0,1111 0,681 1 . 7 4 0.053 0.535 5,769 
5.75 2.3R 0 136 1 • 7 0 0.120 0.671. 1. 7? 0.054 0.542 5. 777 
6 OG 2.52 0 1?-8 1. 70 0. 1 21 0.663 1 . 81 0.055 0.~45 s. no 
6 25 ?,70 0. 1:::9 , . 7 0 0.120 0. 6 51 1 . 84 0.056 0.545 5.780 
6 so 2. 91) 0. 139 1 • 69 1),120 0,1\39 1 . 88 0.061 0.54, 5,780 
6 75 3. 14 0. 1 :0.7 1. 69 1),120 0.626 1 . 9 2 0.069 0.~34 5,7110 

(~OR ADDITIONAL BOUNDARY LAVFR DATA ~EE OVERLEAF> 



DBT 
X 

1 • 50 
1 • 7 5 
2. ~ 0 
z. 2 5 
2.50 
7.75 
3 ... , !) 
3.?5 
3.50 
3.75 
4 • I) 0 

. 4.? 5 
4.5~ 
4.75 
S.H 
5.? 5 
5.50 
5.75 
6. (• (J 

6.?5 
6.51) 
f, 7S 

!lF.l•* 
nUTJ:Il 
0.1;'t'i 
".132 
0. "3 R 
0.143 
0. 1 49 
0.15/, 
0.161) 
0.16'i 
0. 169 
0.171. 
0.171\ 
0.18? 
0.1f.7 
'J.101 
0.10(, 
o.~oo 
0.2()">: 
I). ?Q7 
0 • 2 (J 8 
0.2[Jf\ 
(\. 2!>6 
tl.?0'7, 

OTSPN. 
r.~o 

0 \)000 
0 OC00 
0 0000 
0 OlluO 
o r .. 1 0 0 
o or.oo 
Q IJ(\IJ(} 

0 000~ 
0 \)1)1)1) 

0 0(100 
0 (JO()Il 
0,0000 
0.•1''00 
0.000(' 
0 OOtiO 
0 00(J0 
0 0000 
0 00•)0 
0 (j()I)O 

0. 00\·ll 
o ooon 
n uo.'n 

3S .. dU 
D dx 

-0.0262 
-(1.0?71 
-o. ons 
-o.on? 
•0.0261 
-o o?r.1 
-o.026o 
-0.0249 
•0.0237 
-o.o23s 
-o.o22f. 
-o.o211 
•() 0206 
·0.021)<; 
-o.o2o!' 
-0.0194 
•0. 0174 
·o.o150 
•0. Oo170 
•0.0037 

(}.0010 
1),0171) 

TABLE A29-6 

1.25, CNEA, CORRELATION - B 

PREDICTION OF ANNULAR DI~FUSER PERFORMANCE 

!ADDITIONAL BOUNDARY LAYER DATA) 

THEORETICAL ASSUMPTIONS 

VELOCITY PPO~ILF • COLFS LAW 
SKIN FqiCTION COEFFICIENT • CDLES LAW 
r~OilinCt,T!ON TO ROiffJDARV LAVFR THICKNESS Plr.LUDED (REVISED) 
FSTIHATE OF ~EVNOLnS NORtlAL $TRE~SES INCLUDED 
TOTAl PR~S$URE LO'S INCLIJDED CFXPERIM~NTAL R~SULTS) 
NO tJFT I!AS<; TRANS~FR !lE:TWEF.N INNER Jt OUTFR LAYERS 
NO POTENTIAL CORF 

2 [d f',.J ,t.>u• ax m 

•O.Il076 
•0.0078 
•0.0081 
•0.0083 
•0.11~86 
-o. io()811 
•0 00<)0 
•0 009 3 
-u oo9 5 
•0.01197 
•0.0098 
•ll.0099 
•0.1!100 
·0.010(1 
•0.011)0 
·0 0100 
-c•.010'l 
•0.0100 
·0.0100 
-0.0100 
•0.0099 
•(• 009 R 

DFL"'* 
!NNFR 
0.115 
'l.1?1 
1). 1 ?7 
I) .133 
0.1:118 
(). 1 44 
\}. 1 49 
0. 1 ~ 4 
G. 1 6 0 
0.1t'>5 
0. 169 
0. 1? 4 
u. 1 ?8 
0.1112 
0.1116 
0. 19 0 
0. 19 3 
0. 196 
0.197 
0. 107 
1)_197 
(). 1 0(, 

ot<;PN. 
CDI 

0.0000 
0.0000 
0.0000 
o.oooo 
0.0001) 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o.oono 
O.OOIJO 
o.oono 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 

N.S.C. 
O!JTE ~ 
0.0006 
0.0007 
0.000? 
0.0008 
0.0009 
0.0010 
0.0011 
0.0013 
0.0014 
0.0016 
0.0018 
0.0019 
0.0021 
0.0023 
n.oozs 
0.002? 
0.0031 
0.0035 
0.0052 
0.0066 
0.007? 
n.n090 

C F (H0 + 2)_Q_0 d U 
OUH"R u dx 

0.002Q6 •0_0172 
0.00195 •0.0180 
0.00184 •0.0186 
0.00173 •0.0187 
0.00161 M0,0183 
0.00150 •0.0186 
0.00139 ~0.0190 
0.001211 •0.0185 
0.0011? M0,0180 
0.00106 •0_01113 
o.ooo96 ~o.o17o 
0.00087 •0.0176 
0.00079 •0.0171 
0.00071 •0.0173 
0.00064 •0.0173 
0.0005? •0.01?1 
0.00050 •0.0157 
0.00044 •0.0147 
0.00034 -0_0076 
0.00024 •0.0037 
O.OOOHi 0.0020 
0.00010 0 007::1 

9o dRo 
RodX 

0 00134 
o"no141 
0.00148 
0.00155 
0.00161 
0.001t'>8 
0.00174 
0.0011!1 
0.0011\7 
0.001Q3 
0.00198 
0.00204 
0.00?09 
0. 00214 
0.00220 
0.0027.5 
0.00230 
0. •10234 
0.00239 
0.00?4() 
0.00241 
0.002'>;Q 

N.s.c. 
I N~W~ 
0.0004 
0.0004 
0.0004 
0.0004 
o.ooos 
(\.0005 
0.0005 
o.ooos 
0.0006 
0.0006 
n.ooo6 
0.0006 
0.0006 
(1.0006 
0.0006 
(1.0006 
C.0006 
0.0005 
0.0001 

-0.0001 
-0.0001 
-0.0001 

C F (H,+2)Q!QY a-
PHJFR Udx \J" 

o.oo26o -o.o149 
0.00~50 -0,015? 
o.noo!41 -o.o160 
0.(.'0233 •0.0162 
0.00224 -0.0158 
0.00216 -0.0156 
0.00209 -0.0158 
0.00201 •0.0155 
0.00193 •0,0151 
0.00186 -0.0150 
0.001Sn •0.0150 
0.00173 •0.0'43 
o.no167 •0,0144 
o.oo161 -o.v'37 
0.00155 -0,0132 
0.00150 •0,0132 
0.00145 ·0 0121 
o.oo141 -o:0114 
o.o0141 -o.onss 
o.oo142 -o.oon 
0.00143 -0.0(126 
0.00144_·11.0026 

1\l 
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TABLE A29-7 

1.0, CNEA, CORRELATION - B 
- --- ---------- - - - - -

-

PREl'ICTIOI~ OF ANNULAR D!FFIISER PERFORMANCE 

~IniiSF.R r.EOIIFTRY. 

VALL AilqCFS, OIITER= 5,000 OFGREES ,INNER= 0,000 DEGREEq 
PJLFT R•\,,1!. Oll'i'F.Qc 6,09 IN~ • .INNER" 5,00 INS, 
niFFUSER I.JOIJ ll!IIENS~ONAL= 10.0 

PJLET C01!DITIONS CCALCIJLAT!ONS COMIIEIJCE AT X:o 1.000 INS.) 

~HAPf: PARAIIETFRS. OIITFR WALL= 1.199 INNF.R WALL= 1.3~11 
'lil'IEIJTU'l TH!C~Nf.S~. OUTER WALL= 0,055 INS,HHJFR 14ALL:o 0.0~7 INS 
'1AI(IJ!Illl VFL')CfTV= n1.000 FT/SEC 
R ~ ~ I US 0 i' P 0 S t T I ll N 0 F t~ A X If I U 1·1 V F. L 0 C I TV= 5 , 56 0 I N S , 

otq 'ln THF.TA HI T~FTA UttE,\N APEA LOSS r.ll 
X OUTI'R INNER Ut~ AX RATIO COEFF 

1 . <; () 1 • 4 3 0.060 1. 31'! 0,063 O.ll48 1.14 0,020 o:~oo 
?.00 1. 46 -0.066 1. 40 0,068 0,1137 1.19 0.022 0.':?56 
2 . 'I) 1 I l~Q 0.071 1. 43 0,07'4 0.1121'> 1 . 2 4 0.025 0.~05 
~.no 

, , .... . ~ -' 0.0?7 1.45 O.Nl1 0.1114 1 . 29 0.028 0.'~49 
~. ~ 0 1. ~7 0.0~2 1. 4i1 0.087 0.803 1. 34 0. 0 31 0.',87 
4.00 1 • 01 O.Or.i3 1. 51 O,OQ3 0,?91 1 • 39 0.034 0.'421 
4. 'i 0 1 , oh 0,003 1. 54 0,09Q 0,780 1 • 4 4 0.035 0.452 
~.00 1 • ·; 1 0. 0~9 1. 57 0. 1 0 5 0,768 1. 49 0.037 o.'t.79 
S.'ill , .. , {, 0.104 1 . 6 0 0 • 1 , 1 0,756 1. 55 0.041) 0.503 
6.00 1 • ·1? 0. 1 0 B 1. 64 0. 117 0,744 1. 60 0. 041 0.'525 
6. 'H 1 • ,,Q 0.11:> 1. (, 7 0.172 0,732 1 • 6 5 0.042 0.~44 
7,00 1 • c 6 0.1 Hl 1 • ?1 0,128 0.?20 1 . 7' 0 0.044 0.'560 
7 .~0 ~ t I}"( \l.122 1 • 7 5 0. 1 3 3 0.7'08 1 .76 0.045 0.575 
'l.10 2. 1{) o .1 n '1. 79 0.1~8 0,691'> 1 • 81 0.047 o.'sas 
i.'iO 2.17 0. 131 1. 84 0,143 0,684 1 . 86 o.oso o.'~oo ' .. •) () 2,?4 0.136 1 • 88 ll,14R 0. 6 73 1. 92 0.052 o:ISIO 
:)·. )!) 2,14 0 . 1 4•} 1 • 9, 0. 1 52 0.661 1. 9 7 0.054 0.1.1Q 

, {) . •) 0 2 ... 9 0. 143 1. 93 0.154 0,1.47' 2,02 0,055 0.625 

(FOR AD::)! TIONAL Bol!lo!OARY LA VER DATA see OVERLEAF) 

- -- -

RMAX 
IN~ 
s.s11:; 
s:,;os 
5. (,?7 
s:6so 
s:6n 
S.t'-94 
5.716 
s:7:;~ 
s:1s9 
5,780 
5,801 
5."8>.1 
5."841 
S.'At«.l 
S:l\81 
5.'900 
5:917 
5,926 



DIST 
X 

1 • 50 
2. 0 ,, 
2. 5\1 
3,00 
3.~r. 

4,0J 
4,50 
5 • 0 I) 
s-. 5 ·1 
6,00 
6. ~ J 
7,00 
7.50 
0 ,f\() 

-9.50 
9,()1) 
Q,SO 
10.0~ 

l'lFl** 
oun:q 
0.1'14 
0.1<?. 
0.1;>1 
0.1'i·1 
0 w 1 ; (\ 
0.11.1> 
ll.1S"': 
0.11>1 
0 ... 1>7 
0. 'i ,• 4 

0. 1 .\0 
0. 1 ~n 
0.1'11 
0. F·7 
0"? ~~? 
11 • ?.1' 7 

i>Tt;PrJ. 
r il•'1 

0.00<10 
J.'l~:i.') 

O.tlOfiO 
,} . t) (l nl 
1). tll'l }l) 

0. ,)()'1 0 
,, . 00·'10 
l'l.o10<lll 
0. (H)I/0 
c.tJn.}n 
·J. lo:;o 
(1.00·10 
0 .Ill)•)() 
(I • (l(l ,, 0 
0. :) 0 10 
(,. ,10(H) 

O.Ji1l0 
lj •• :.1::n 

3 6"dU u-ax 
-n. 01<~? 
-d.0191 
•t1.01<);> 
-r .. 01r;>'<~ 
•L'.01~t; 
•(•.010~ 

-n.o1o3 
•I). 01 :\t, 
•u.0171l 
- t). 1) 1 g t) 
•J.0171 
-.'1.01<>7 
-11,0155 
-·1.0149 
-r •. 014~ 
.. 0.013.~ 
.. I).,), 2~ 

.. ;J .. Jo')'/4 

TABLE A29-8 

1.0, CNEA, CORRELATION - B 

PREDICTION OF ANNUL~R DIFFUSER PERFORMANCF. 

(ADDITIONAL BOIJNDARV LAYER DATA) 

THEOPETICAL ASSIJMPT!ONS 

VELOCJTV PROFILE • COL~S LAW 
~KIN FRICTION COEFFICIENT • COLES LAW 
I' 0 (l I F I C /1 T I 0 N T 0 B 0 I HJ D A RV LA V F R T H I C K NE S !; I N C L U DE 0 ( R E V I S E D ) 
FRTIMATF OF REVNOLnS NORMAL STRES.Eq INCLUD~D 
TOTAL PRFSSIIRF LOSS I~CLUDED (EXPER!ME~TAL RESULTS) 
IJO NET I'ASS TRANSFER BETWEEN IN'·JER 11. OIJTFR LAYERS 
NO POTENTIAL CORE 

2 [d P,J 
pu• dx m 

•0.001'>3 
-0.0067 
-0.0070 
-o:o'l74 
•0.01)77 
-0.0•130 
-o. o•'!d3 
•O.Oti36 
-o. o;J89 
-o.or,t,~? 

-0.0094 
-0.01)96 
-0.0097 
-0.0097 
-(J_()Il97 
•0. OO'H 
-0.0<197 
·0.\11'96 

nFL•• 
INNFR 
0. 1 1 0 
0. 119 
0. 1 29 
0.1'3Q 
0.14!! 
0.131\ 
0. 1 6 7 
11.176 
0.1.15 
0,19'1 
0,?01 
0,209 
0.?.16 
0, ?.t.'3 
o. ?29 
0,2'35 
0.240 
•1.24'1 

DISPN. 
CD! 

0.0000 
0.01100 
0. OOt)t) 
O.OvOO 
0.0001) 
0.0000 
0. 000•1 
0.0000 
0.0000 
0.0>'100 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

t.J.s.c. 
OUTER 
0.0003 
0.0003 
0.0004 
0.0004 
0.0005 
0.0005 
0.0006 
0.0007 
0.0003 
0.0009 
0.0011 
0.0012 
0.0013 
0,0014 
0.001S 
0.0018 
0.0021 
O.IJ032 

CF 
OIJTFR 

0.00258 
0.00~41 
0.00224 
0.00208 
0.00192 
0.001?7 
0.00162 
0.00141! 
0.001'34 
0.00120 
0.00106 
0.00094 
0.00083 
0.0007'~ 
0.00064 
0.00056 
0.00048 
0.00036 

(H0 +2)Q_odU 
u dx 

-0.'0115 
-0.'0117 
-o·:o1 20 
-0 ... 01 ? '5 
-o'.'o1 ?8 
~o.'0129 
~o:o133 
•ll'.'o1 ~2 
~o.'n1~o 
-0.'01,5 
-o·:o1 '51 
.. o.0129 
·0.'0126 
-o·:o1 25 
.. o·:o123 
•0.'012? 
.. o'.'0111 
-,1.'00~8 

SodRa 
lf.dX'" 

0,00079 
0.00086 
O,Ot1093 
0.00100 
0.00107 
0.00114 
0.00121 
0,00128 
0,00134 
0.00140 
0.00145 
0.00151 
0.00156 
0.00161 
0.00166 
0.0•1170 
O.Ou175 
0,0(\179 

N,S,C. 
HJNE R 
0,0002 
0,0003 
0,0003 
0,0004 
0,0004 
0,0004 
0.0005 
0,0005 
1),0006 
0,0006 
0,0006 
0.0007 
0.0008 
0,0009 
0.0009 
0,0009 
0.0009 
0,0004 

CF 
tN'IER 

0,00276 
0,00261 
o. 00247 
0,00232 
0,00219 
0,00206 
0,00194 
0.00181 
0,00169 
0,00158 
0,00147 
0,0013'7 
0,00126 
0,00116 
0,00107 
0,00099 
0.00092 
0,00089 

(H,+2)0,dU 
u dx 

•0,0118 
e0,0120 
.. 0,0123 
•0,0126 
-0,0152 
•0,0135 
~0,0134 
.. 0,0135 
•0,0136 
-0,0136 
•0,0135 
.. o,0131 
"0,0128 
-0,0123 
.. o.0130 
•0,0121 
.. o.0110 
.. o.ooa1 



bhS 

TABLE A29-9 

0, Cl-lEA, CORRELATION - B 

P~F~ICTION 0~ ANNIJLAR DIF~U~ER PERFORMANCE 

DHFU~ER l'lF.OI1FBV • 

..!ALL Ai<t:Lr.S. ntJTFR=·10.000 DEGRFE's ,INN.ER= 0,000 DEORE~~ 
INLFT RAni!. OUT~R= 6,00 INS. ,INNER= 5.00 INS. 
D H F U ~ E ~ M 0 ~J D I 11 EMS I 0 fJ A L: 5 • 0 

PJ L ET C 1'1 r~ ~ I T! n N ~ ( CA L C I I LA T I 0 N S C 0 I~ 11 ~ N C F. AT X= 0 • 0 0 0 I N ~ • l 

<;HAPF P.~Hfti1J::TF~S. OIJTF.R IJALL= 1.301 INNER HALL= 1.288 
'11111 ~ r; T 1J '1 T llr C K N I' S <: • 0 IJ T ER IH L1 : 0 , 0 ~ 9 I N S , I N N E R HA L L = 0 • 0 4 0 PJ S 
'1AX!'Il!!~ v•LLJC ITV= 140,000 FT/HC 
RADIUS OF PIJS!TtO'J OF 1·1AXII11JM VELOCITY= 5,500 INS, 

n 1 <:r Ho THETA HI THF.TA U11 EA N ARFA LflSS C:P 
X OIIT ~ ll INNF.R W~AX RATIO COEF~ 

0.7.5 1 • 3? 0.044 1. 3 (l 0,045 0,8/l8 1 • 0 5 0.001 o.n~B o.so 1 • 3 4 0.049 1. 32 O,IJSO 0.879 1 . 1 0 0.002 0. 16/. 
0.7'i 1 • 3"' 0.054 1 • ~~- 0.056 0.869 1 • 1 5 0.004 0.?'11 
1 . I} 0 1 "0 o.oso 1 • 3 6 0. 061 0.1!59 1 • ? 0 0.00~ O.::><l{l . .) 

1 . ?5 1. 4, 0.01\4 1 • 3<l 0,067 0,849 1 • 2 4 0.005 0.~42 
1. ~0 1 • ,, 4 0,0?0 1. 41 0.07~ 0,113Q 1 • 29 o.oos 0.~117 
1. 75 1. 4? 0,075 1. 44 0.080 0,1\21\ 1 • 3 5 0.008 0./.2:; 
2.(10 1 • 5 () 0,01'.1 1 • 4? 0,01!6 l),g17 1 . I. 0 0.010 o. t.M. 
?,?<; 1 • 5 ~ 0.0.~7 1 • 50 0. 093 0,1\06 1,45 0.011 0.496 
2.~0 1 • 57 0,002 1.5~ .0.100 0. 79 5 1 • 50 0.013 0.5?5 
?.75 1 • "0 0. OQ7 1 • 56 0. 1 0 7 0. 71\3 1 • 55 0.014 0.55'1 
~.00 1 • n 4 0,1(l3 1,60 0. 11 4 0. 771 , • 6 0 0.014 0,<;7!. 
1.?~ , • (,0 0. 103 1.6~ 0. 1 20 0,760 1 • 6 5 0.01<; 0,<;9!. 
~.50 1 • 7 '~ 0. 113 1 • li 0 0. 12? 0,747 1 • 71 0.016 O.t\1? 
~.i''i 1 • ('Q 0. 113 1 • 74 o. n-; 0,735 1 • 76 0.011! O.t.?7 
4.01) 1. ;J 5 0. 1 ?3 1. 80 0.13<1 0. 722 1 . 81 0.011\ n.l\4i 
4,?r; 1 • 9? 0.177 1 . A~ 0. 1 45 0.710 1 . 8 7 0.019 0.1\53 
4.50 1 • 9 !I 0.131 1 • 9 1 0,150 0,697 1. 92 0.020 0.664 
4.?5 ?. • •15 0,1:16 1. 96 0. 1 56 0,6!15 1 • 9 8 0.021 O.t.i'l. 
S.IJO 2 t 11 0. 140 2.02 0. 161 0.673 2.03 0. 022 O.Ail1 

UI'JR ADD IT I 0 ll A L !lOUfiDARY LAYFR DATA ~F.E OVERLF.AF) 

R >lA X 
INS 
5.523 
5.54S 
S.C::I'~ 
5,~01 

S.t\13 
5,63A 
5.6~0 

5,tlll? 
5,7115 
5. n8 
5. 7 51 
5,77!. 
5,7911 
5.F?1 
S,R4t. 
S.ll6? 
5,8/lO 
5. 011 
5.9~3 

5. 9 56 



TABLE A29-10 

o, CNEA, CORRELATION - B 

PR!;OICTION OF ANNULAR ~IFFlJSFR PERFORMANCE 

CAODITIONAL !lOIJIIIDARV LAVFR DATA) 

THEORI:TICAL 4SSIJMPT!0NS 

IIFLOC rTV PROFILF - COLES LAW 
~KIN FRICTION COFFnCIFNT -COLFS LAW 
r,Ofli F !CAT!OtJ TO ROIHJDAqV LAVFR THICKNE~~ trl CL UD E D (REVISED) 
F S T !f1A T F 01= REVNDLDS NORf~Al HRFSSFc; INClUDE~ 
TOTAL PRF.S~UoF. LOS~ I N C LIJ DE D CEXPER!M~'~TAL RI"SULTS) 
IJ 0 tJF.T tiAS~ TqANSFFR flEnJF.EN !OJNI;R ~ ll!JTFR LAYERS 
'10 POTENTIAL CORF 

(j' 

0' 

DIST DFLw* DTSP"'J. 3,;""dU 2 [dP,] I'> EL** DISPN. N.s.c. CF (H 0 +2)(;),dU N.s.c. CF (H,+2).Q_,dU 
a-

6,dR, 
X OUT PR r.nn u dx f'U 2 dx m !NNFR CO! OUTER OUTFR U dX R0 dX INNE~ INNER u dx 

0. 2 5 0,')71\ r. . ·1'll)0 -0.0345 -u. O•l44 0. 081 0.0000 n.n003 0.00328 •0.0101 0.00116 0,0003 0,00334 •0,0193 
0,50 0.0:"',11 " ,)(){)(} -o.O::i54 •0.1)047 0. (1:19 o.oooo 0.0004 0.00312 •O.Oi9Q 0.001?8 0.0004 0.00318 •0,0205 c 
0,75 0.'10~ r . ')0,10 -o.O,oA •0.00t,Q O.OO!l 0.0000 0.0004 0.00296 -o.0210 0;00141 0.0004 0,00303 •0,0214 
1 • 0 0 0.101 ' OIJ·,I) •n.O"'i7<; •0.011S? 0.11'3 0.0000 0.0005 O.OO?RO .. 1).0219 0.00155 0.0005 0,00287 -0,0223 
1 • < 5 0. 'i i? 0 . ll 0 {I 0 -n.ll'lil?. -o.on55 0. 11 3 0.0000 0.0005 0.00264 •0.0?28 0.00169 0.001)6 0. 00271 -0,0231 
1 . 50 0.1?0 0 .110•)0 •('.0~~? •0.0•1S8 0.178 0.0000 0.0006 0.00749 •0.0233 0.0018~ 0.0006 0.00257 •0,0247 
1,75 t) "'"'0 

" • I(. O.OOGO ••J.OW? -o. oiJ6o 0. 1 ";8 0.001)0 0.0007 0.00234 •0.0?.43 0.00197 0.0007 0.00242 •0,0248 
2 • (1() 0.1";:1 v.•lO:ll) -v.O'il4 •0.81)6~ 0. 1 43 0.0000 n.oooa 0.00220 -0.0244 o.no~11 0.0008 0.00227 •0,0259 
2.25 0. 146 0 (1(1'10 •tl. 0~8 ~ •0.0066 0.1?9 0.001)0 0.0009 0.00i!06 •0.0:148 0.00225 0.0009 0.00212 •0,0262 
?,50 0,1'i4 o.onr.o -0.0130 -0.0'/69 0. 1 f-9 O.OIJOO 0.0010 0.00192 -o.o2s1 0.002~8 0.0010 0.00198 ·0,0271 
2.75 0.1o?. 0.00·10 •(!.0\7<; -0.01)71 0.170 O.OIJOil 0.0011 0.0017/l -o.ll<'5~ 0.00252 0,0012 0,001!l4 ~o.o272 
3,00 0.17'1 i). (1(1(>0 •<l. o·H,7 •0.0074 0. 1 ~9 0.0000 0.0012 0.00165 -o.IJ?53 0.00265 0.0013 0.00170 -o. oZ?o 
3.2~ 0. 1 7'7 r,.onno -0.0~40 ·0.0077 0. 1 Q 8 0.0000 0.0013 0.00151 -o.'l:?47 0.00278 0.0015 0,00156 ~o.o271 
3.50 0.1B~ G • 0 o ,l 0 ••J. 0'3~ -0.0070 0,20/l 0.0000 0.1)015 o.oons -0~02~1 0.01'290 0.0017 0.00142 •0,0265 
3.75 0. 1 go () .)1)00 -o.O~Oil ·0. 0<1?.? n. ?H 0.0000 0.11017 0.001?5 -o_o<~o 0.00301 0,0019 0.001?8 -0,07.64 
4.00 0. ~ 0 s ~·. ,)0()0 ""0.0?9~ •t)_()tl84 (),2?4 0.001)0 O.ll020 0.00112 •0.02?7 0.00312 l">,002(l 0,00116 •0,0245 
4.?.5 0./n" 'j. •iO~O •tl. 0?70 •0.01'36 0.2~? 0.0000 0.0022 0.00100 •0_021~ 0.003::!?. 0,00'2 0,00104 -0,0?.47 
4.50 0.?(}6 '] 1)001) •l1 .0?toll •0.003R 0.239 0.0001) o.n024 0.000P.9 •0.0215 0.003~2 0.00?.5 0,00093 -0,0236 
4.7~ 0. ? 11 'l. ')0(\0 ·o.0?57 •O.OOS!l 0.2<\.6 0.0000 0.0026 0.00079 •0.021~ 0.00341 0.0027 0.000114 -0,0235 
5,00 ft.;'1fl 0 11('1110 -·). 0?.+6 •0.00/W 0.?5"'1 0.0')0,) O.OO?.!l 0.00071 -0.02(;8 0.00350 o.OO;>Q 0,00075 -0,0234 ' 




