lLLOUGHBOROUGH
UNIVERSITY OF TECHNOLOGY
LiIBRARY

AUTHOR
~. STevems | S
COPY NO .032 557/0‘

VYOL NO. CLASS MARK
ARCHAWES
CofV

NLY

e
-1
Ll
ity
il
==
o
RN
(]

003 2557 01

M

Ji

il




VOLUME 3

Appendices 17 to 29 inclusive







T 494

APPENDIX 17

ANALYSIS OF TURBULENCE DATA

After the initial reduction of the turbulence data as
detailed in Appendix 11, the data was re-analysed to calculate:
(i} The Reynolds normal stress coefficient
(11) The dissipation coefficient (Two-dimensional
definition)

{i1i) The mixing length and eddy viscosity

Al7-1 Calculation Procedure

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

the values of (/U ) were fed to a computer with the object of

. a(v/u} . . .

determining TR This could have been obtained by using
(v) (5)

the raw data to calculate ( \U/R+dR — \{/R ), but this

dR

approach was abandoned because 1t calculated a small difference
between two relatively large quantities, Instead a subroutine

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

a_(u/u)

method of least squares. The value of 3R

was then

il

calculated from an eighth order polynomial velocity profile

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

. . a (Wu) . .
In this region —dr _ was calculated by assuming a linear

. . d (Wu) .
relationship between —3g%F—= and dr from the point at which

d.&%ﬁg_l = 0,3 to the position of maximum velocity E_L;%g_l = O,
An eighth order polynomial was also used to curve-fit the

values of d(U/U)/dR; u’ Uz, ;'Z/Ua, % 2:17\7'/ U? against

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

the wall was estimated from the cquation due to Ludwieg and

(L2) ;

Tillmann
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Al17-2 BASIC EQUATIONS

(i) Mixing length

Prandtl defined the mixing length (€) as

f,e = - pPuv
|ci_|d_
dri d
..' ez - _m,/ UZ
d{ufv)| d(u/v)
dr | dR

the mixing length has been non-dimensionalised in the

following ways.

¢ _ —uvldt
8 d(uf/u) | d(ufu)
d(R/8")| d(R[&")
e _ - wvly?
‘ Ro~R, I d(ufu) d(ufu)
d (RIR;R) | d(R](R,-R)

(ii) Eddy Viscosity

J. Boussinesq introduced 1he concept of a turbulent

exchange coefficient € in order to relate the turbulent shear

stress -Votfv' and the mean velocity gradient, in the form




-

the eddy viscosity is non-dlmen51onallspd as:-

£ . - av/u?
vs d(u/u)[I(R[E*)
£ . - v/

U(RgRY) d(ufu)/ d(R[RR\)

(i11) Dissipation Coefficient

The two~-dimensional version of the dissipation

coefficient 1s defined as;

5
c=_2__f'rd_*id
RN I

where T= —{JW+ /ud__g
dy

The corresponding definition to rotationally symmetrical

flow 1is, Cop = 2 J u d (rT) dR
pu? 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 dissipation coefficient has been used withoul

incurring any significant error. A similar assumption has been

made by Goldberg(zg) in studying the boundary layer growth along

a tube of the same diameter on which boundary layers of
comparable thickness were developed. For calculation purposes

the boundary layer thickness was divided into 60 elemental strips

a (vw/U)

and the local values of T, and iR

y calculated using the

polynomial curve-fit equations.

The computer programme is detailed in Appendix 18,
and a sample print-out is included.

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

DIST. oufumax | SHEAR | ED. VIS, | ED.VIS. | MIX L | MIXL REYNOLDS

Ro-R1 DR STRESS | u DEL* | U(RO-RT)Y| pEL * [{(Ro-R1)}| NorRMAL STRESS
R- R, d{u/uy) 2 u'y! I £ e ¢ UCOMPNT -ufjf,-z/udn
Ro= R dr u? us’* UR-R)Y | 87 [(R~R)) | vcoment ~ [fotfydr
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READ IN TURBULENCE AND
L\’ELOCITY PROFILE DATA

'

Curve Fit Velocity Protile Data
ufU v. Distance from Wall

{

Calculate siope of Velocity Protite d{u/u)/dr

Curve Fit d(ufU)/dR v Digt from wall

1 ]
Calcylate  Ju2fu

Curve Fit JU"/U v Dist. from wall

Caleulate EZ/ U
Curve Fit JV‘*/U v Dist from wall

Calculate Wall Snear Stress Eqn 5-5-6

Calculate Trar = LUV +%du/dn)

Curve FIt Tyor v Dist from wall

Calculate ﬁ/ u?

Curve Fit W/Ua v Dist from wall

Splt up layer into elemental strips

Calculate T2, 74 ¢,

At Original Datg Points Calculate
vv'fu? & d{ufu)/dr

s
¢(ufu)fer €0 307

NO
Calculate d(ufU)/dr assuming
hnear refatronship with dist to U

F
Calculate ¢/ 8%, £/UB* etc

FIG. Al7-1 FLOW DIAGRAM OF COMPUTER PROGRAMME

FOR ANALYSIS OF TURBULENCE DATA




Appendix 18

Computer Programme

Analysis of Turbulence Data
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€ APTPPENDTX 18

COMMENT THRBILENCE DATA ANALYSTS PROGHAM

Carr s THLIS PROGHFAM (OMEINES INPUT DATA FROM MEAN VELOCITY PROFILES AND
c TURBULENCE MEASUREMENTS TO CALLUILATE MIXING LENGTH, EDDY VISCOSITY
C AND DISSTIPATION (OEFFTICIENT

REAL L

REAL MIXNDD,MIXNDA
DIMENSTON F(10,10),Q(9),P(9),0(9)
Craxx+ ARRAY FOR STORING INPUT DATA
DIMENSION EA(S0),EB(H0),VASQ(H0),EC(60),vCSQ(60)

DIMENSION
DIMENSTION
DIMENSION
DIMENS]ION
DIMENSION

UND1(96) ,UNDO(96)
EDC6U) LEE(H0),VD(60)

XC100),¥Y(100),AC10,10),BC10,10),CC10,10)

G(10,10),RC1U,10),5(9)
DC(10,10),EC10,10),H(Y)

DIMENSION RTC100) +UNONCTIO0) ,W(9),T(9),U(D)
PIMENSION V(10,10),2(9)

CrxxxkINPUT DATA ,
C 1=DIFFUSER NON DIMENSYONAL LENGTH,ENU-KINEMATIC VISCOSITY=FTSQ/SEC
READCY, 4 0)ENU »

40 FORMATC(FRO.O)
105y READCT,303)0DIFNDL/DESGNTDESGNZ
303 FORAAT(SF0,0)
Crx*x+xTURBULENCE DATA
C RINNER=-INMER WALL RADIUSCINS) ,ANNHT-ANNULUS HEIGHTC(INS)
C ROM~APPROX, DIST. FROM QUTER WALL TO UMAXXACT-DIST. FROM INLET
C (INS)
C XND=NON DIMENSIONAL DIST. FROM INLET.,VOC-WIND OFF VOLTS PROBE IN
5¢ PEAD(1,60)RINNER,ANNHT+ROM,XACT,,XND,VOC,VOA,VOD.,M
60 FORMAT(HFD.0,12)
RT~RAPTAL DIST.
c VCSQA-RRIDGE VOLTS SQUARED*U*PLANE,UNON=-NON.DIM,
63 REAND{T ,64) (RTCI),I1=2%,M)
64 FORMAT(OUFO.0)
READCT,70) (ECCI)r1=1+M)
70 FORMAT(00FQO,0)
READCT,70) (VCSQCL),1=1,M)
61 READCT,62) (UNON(L),I1=1,M)
62 FORMAT(60F0O,.0)
16 READ(YI,17) (EACI).I=1.M)
17 FURMAT(H0F0,0)
18 READCT,19) (EB(I),1=%.,M)
19 FORMAT(HUFO.(0)
20 RFAD(T.21) (VASQ(l),I=1.M)
21 FURMAT(60FO,0)
READLY ,21) C(EDCI)1=1+¢M)
RFAD(T1,21) C(FECI) +1=1,M)
READCT,21) (vpclIY,LI=%,+Mm)
Crwnxxtmip AN YVELOLITY PROFILE DATA
UNDO=NON=DIMENSIONAL MEAN AXIAL VELOCITY (OUTER WALL LAYEK)
FOUTER=-OUTER WALL RADIUSCINS),DISP~DIST FROM WALL(INS) OF FIRSI
VALUJE OF NON-DIMENSIONAL VELOCITY.DRVELP-RADIAL SPALING OF HEAN
VELOCITY PROFILE DATA POINTS,RINKNER-INNER WALL RADPJUSCING)
UMAX=-MAXINMUM VELOCITY(FT/SEC)
UNDI-NON=DIMENSIONAL MEAN AXTAL VELOCITY

FROM WALLCINS) EC=-RMS VOLTAGE PROBE ITHN*U*PLANF
VELOCITY (U/UMAX)

-y

s N zNeNaNelel

CINNFR WALL LAYER:
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READCT1,121) CUNDOC(TIY,121,96)
121 FORMAT(I2F6.3)
READ(T,125)ROQUTER,DISP,DRVELP,RINNER
125 FORYAT(&F?.3)
FEANCI , 41)UMAX ,XACTP
Cr**xx v BOUNDARY LAYER PROFILF DATA (INNER OR OUTER WALL AS APPROPRIATE
Crxxx*RTAWO~APPFOX. RAD.DIST., FROM WALL TO POSITION OF ZERO SHEAR STRESS
RN=NO, OF RADIAL POSITIONS AT WHICH THE NON-DIMENSIONAL SLOPE OF
THE VELOCITY PROFILE IS CALCULATED
RINT-BOUNDARY THICKNESSC(INS) OVER WHICH REYNOLDS STRESSFS ARE
CALCULATED
TINT=-NO. OF ELEMENTAL STRIPS INTO WHICH THE BOUNDARY LAYER IS
SusnhivibelR FOR INTEGRATION
RNN-NO, OF RADTAL POSITIONS AT WHICH MIXING LENGTH.EDDY VISCOSITY,
ETC. 1S CALCULATED
MM=INTEGEP VALUE OF RN
J= INTEGEK VALUE OF TINT
MN=-INTEGER VALUE OF RNN
KEAD(T1,124)RTAWORN,RINT TINT,,RNN MM, J s MN
124 FORMAT(H5F0O,0.312)
DELST-DISPLACEMENT THICKNESS (INS)
THETA-MOMFNTUM THICKNESS (INS)
HB=SHAPE PARAMETER
122 READCT1,123)DELST,THETA,HB
123 FORMAT(RFG,.0)

OO0 0000

Lor B o B o )

- C (URVE FITTING OF MEAN VELOCITY PROFILE

(]

RR=DIST. FROM WALL OF POSITION OF MAXIMUM VELOCITY
C N-NO, OF CASES TO BE CONSIDERED IN CURVE FITTING PROGRAM
FR=DEISP
N=0.
Do 33 1=1.96
N=N+T,
UNDIFF=UNDOC(T )=,
1F (UNDIFF)Y 23,24,24
23 (UONTINUE
C X AND Y ARE DATA VALUES FOR CURVE FITTING
YO1I)=UNDOCI)
X(1)=RR
33 RR=RR+DRVELP
26 CONTINUE
N=N-T,
Crx*xxx| IBRARY PROGRAM NO.ZZ201 POLYNOMIAL CURVE FITTING BY METHOD OFf
C LFAST SGQUARES
C W(1) TO W(9) COEFFICIENTS OF POLYNOMIAL VELOCITY PROFILE EQN.
WRITE(Z2,850)
850 FORMAT(IUX,5HCURVE 1X,7HFITTING,T1X,2HOF,1X,4HMEAN, VX, BHVELOCIT .
CALL CURVEFITI(N XY ,A,SA W)

C CURVE FIT OF SLOPE OF VELOCITY PROFILE

OR=RR/RN

v=ORrR/2,

n=0,

DO 34 f=1,MM

N=N+1,

BCURVI=W(I) +UW(2)*V+W(F) * (Y x 2 )+ W (L) % (Vx*x3)+U(S) k(Y f)+W{H)x(Y*x5)
T+W (I (Varp )+ W (BIX(Yk*xT7I+W(F)I*(Vxx§{)

V=V+DR
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UCURVZEW(I) +W(2) %Y+ (3) 2 {y**2) +W{A) *# (Yxx 3+ (S) x (Vr )+ W (H)x(y*x5)
14+W (/)% (YrxA)FU(R)I T (Vr*T I+ () *(Yk*k)

CUDRND=SLOPE OF VELOCITY PROFILE

DUDRND=(ULURVZ=UCURVI}/DR

VoV~ (DR/2.)

Y(I)=DUDRND

¥(l)=vy

34 VSV+{OR/IZ.)
WRITEC(Z2.851)
851 FORMAT(10X,5HCURVE,1X+s3HFIT,1X,2H0F,1X+5HSLOPE,1X,HOF,1X,8HVELNC]

1TY X, 7THPROFILE/)

CALL CURVEFIT(N,X,Y.C,SC,)

CURVE FIT OF AXIAL TURBULENCE INTENSITIES

M=0
PO 75 I=1.M
MEN+T
VC=sVCSQUI)*x0 .5
SENSC=(VLSQ(I)~(VAC*VOC)) /(4 ,*VC*UNONC(]))D
UTURSG=(ECCI)*ECCI))/(SENSC*SENSC)
Y(I)=UTURSQ
X(1)=RT (1)
75 WRITE(Z2.,76}RT(I),UTURSQ
76 FORMAT(ZX:F6,.3.2X:+F8.5)
WR1TE(Z2,852)
£52 FORMAT(10X,5HCURVE 1 X, 3HFIT,1X%X,2HOF,1X,SHAXIAL:1X,TOHTURBULENCE 1X
+TITHINTENSITIESY)
CALL CURVEFITI(N,Xs¥Y,D,5D.8)

—

CURVE FIT OF RADIAL TURBULENCE INTENSITIES

N=0

PO 77 I51.M

NN+

VC=VCSQ(I) %05

SENSC=C(VLSQ{I)=(VOC*VOC))/ (4, *VC*UNONC(T))

UTURSQ=(ECCTI)*ECCI)) F(SENSC*SENSC)

VAZVASQ(I)*x(,.5

SENSAS(VASQUID=(VOA*VOA))/ (4 *VAXUNONC(I))

VTURSO=CC(EACII*EACTII)+(EBCIDI*EBCI)))/ (2, *SENSA*SENSA))-UTURSA

IF (VTURSG)Y 800,800,801
800 VTURSG=Q,
801 (ONTINUE

Y(I)Y=vTURSQY

XCIY=RT (1)

77 WRITE(Z+803)RT(I),VTURSQ

803 FORMAT(ZX,+6.3,2X:F8.5)

WRITEC(2,K53)
853 FORMATC(IUX, SHCURVE ;1 X+ 3HFIT,1X:2HOF,1X,6HRADIAL  1X s 1OHTURRULENCE .

1X:T1HINTENSTITIES/)

CALL CURVFFIT(N X, Y, EsSE,H)

CURVE FIT OF TURBULENT SHEAR STRESS

N=)

o 37 I=1.M
NN+
VA=VASQUID)*x(_ 5
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GENSA={(VASQ(T)=(VDA*VDA)Y )/ (&, *VAFUNONCT))
UVRFY=(CEACT I *EALTI) I =(EBCII*ERCTIII)I /(L *SENSA*SENSA)
TEF (UVReY) 94,941,941
940 CONTFINUE
UVRFY=ABS(UVREY)
YCI)=SUVREY
¥CID)=RT (1}
WRITE(Z2,942)RT(I) ,UVREY
GL? FORMAT(ZXsF6.3.2XF7.41
60 70 943%
941 CONTINUE
N=N=1
943 CALL CURVFEFFIT(N,X,Y,V,SV,2)

c CURVE FIT OF SHEAR STRESS,WALL VALUE FROM LUDWIEG AND TILLMAN EGN

N=0
WW=1,
Py 14 1=1,M
NN+
VASVASQ{1)I*x0 5
SEFNSAZ(VASQUI)=(VOA*VOA)) /(4 »VAXUNONI{T))
UVREY=((EACII*EA(I))=(EBC(I)*EB(I)))/ (4, *SFNSA*SENSA)
IF (UVRFY) 910,%09,%09

910 {ONTINUE
UVRFY=Z2+UVREY
UVRFY=ABS(UVREY)
PP (WW) 900,900,901

Cexx**x(ALCULATION OF WALL SHEAR STRESS FRUM LUDWIEG AND TILLMAN EUN

900 RENULN=C(UMAX*THETA)/(ENU®12.,)
UVREL=0.2467 ({10, ** (0. 678%HB) Y * (RENOLN%x%x0,268))
Y(IY=UVREL
x(I1)=0,
WW=1,
NN+
WRITEC(Z2,15)XC1), Y (1)

15 FORMAT(ZXFO.3:2XF7.4)
Crewxx]F KT IS TAKEN TO Bt GREATER THAN RR THEM SLOPEU IS SET AT ZERU
901 1F (RT(1)=RR) 902,903,903
902 LONTINUE

c SLOPEU=-SLOPE NF VELUCITY PROFILE CALLULATED FROM CURVE FIT EGN,
C UC1) TO u(9) COEFFICIENTS OF POLYNOMIAL EON, FOR SLOPE OF VELOLITY
C PROFILE

SLOPEUSU(IYHU(ZI*RTCIIHFUCII*®(RTLII**2)+UCL)*(RT(I)*#*3)+U(S5)*(RT(!)
Tunb ) +U(E)*(RT(I)**S)+U(T7I*(RTCI)* %) +U(EI*¥(RT{TI)*27)+U(YP)x(RT(]T

28}
Cxx%«x*IF SLOPEF OF VELOCITY PROFILE IS LESS THAN 0.3 THE SLOPE IS
c CALCULATED ASSUMING A LINFAR RELATIONSHIP BETWEEN SLOPEU *nd
c SLOPEU BEING ZER(C AT POSITION OF MAX. VELOCITY

1F (0.3-SLOPEU) 905,906,906
905 CONTINUE

C STORES VALUE OF SLOPEU
SLOPES=SLOPEY
C SLOPF IS THE GRACIENY OF SLOPEU AGAINST DIST. ASSUMING LINEAR
C RELATIONSHRIP TO POSITION OF MAXIMUM VELOCITY
SLOPE=SLOFES/(RR-RT(I))
GO TO 947

903 SLO0PEU=V,
GO TO 907




906

07

(g ]

T4
39

AR

Chrrtn

854

911

1

Crhdx

600

603

930

931
932

So2

FALCULATION DF SYOPEU ASSUMING LIMNEAR RELATIONSHIP
SLOPEH=S{CFE*(RR-RT(1))

VEISOIS=NON DIMENSIONAL VISCOUS SHEAR
VISNDIS=(Fau*SLEOPRUXZ4 ) JUMAX

SHSTUT-TOTAL NON DIMENSTONAL SHEAR STRESS (SUM OF VISCOUS AND
TUHBULENY SHFEAKR STRESSES)

CHYTOT=VISDIS+UVREY

YOT+41)=5h&T010

X(I+1)=RT(})

WRITE(Z2,39)IRT(I) ,UVREY,VISDIS,SHSTOT
FORHAT(d)ﬁ.H‘:.ﬁad)f.F?.lanX.FTl.6;2X;F8.5)

GO TU 911

CONTINUF

NEN=T

*»CURVE FIT OF TOTAL NON DIMENSIONAL SHEAR STRESS

WRITE(2,854)

FORMAT(T0UX,SHCURVE ,1X,3HFI1T,1Xs2HOF,1XsSHSHEAR,IX, 7HSTRESS 4HWALL,
11X, 5HVALUE 1 X, 4HFROM, 11X, 7HLUDWIEG 41X, 3HAND , 7HTILLMAN 1 X, 3HEGN)
LALL CURVEFIT(N:X,Y+F,SF.P)

WRITE(2.1)

FORMAT (1H1)

*CALCULATION OF PISSIPATION COFFFICIENT AND REYNOLDS NORMAL STRESS

sumpls=o,

SuUMNIB=U,

SUMyTBR=0.

SuMviS=zy,

FPRINT=RINT/TINT

VZDRINT/Z.

po 602 1=1,J

TF (v=Rk) 600,601,601
SHOTUTSP{TIY4P(2)*V+P(3) o (Vx*2)+P (L) x (Y **Z)+P(5)x{(Vrebf)+P(b)*x{YHrr5)
T+P(2)*(Yr*p)+P(BIX{(Y**7)+P(9) x(y**y)

1F (SHSTUT) 601,601,603

SLOPEHSUCTI) +UC2) *V+UL3) (Y **2) +U (L) % (VR x3)+U(5) 2 (Vxx &I +U(H)*x (V> x5}
THU(7)I*(Y**EIFU(R) R (Wr*7I+U(P)*(yrxl)

JF (U,.3=-5t0PEU) 930,931,931

CUNTINUE

SLOPES=SLOPEU

SLOPE=SLOPES/ (RR-V)

6L TO 93¢

SLOPEU=SLOPE*(RR=V)

CONTINUE

GC1) TO G(Y)Y COEFFICIENTS OF POLYNOMIAL FGN. FOR AXIAL TURBULEN(
INTENSITIFS

UTURB=Q(I)+Q(2) *V+Q(3) *# (Y **#2)+Q (&)X (VA *3)+Q(S) *(V**4)+Q(H)* (x4
10 (7)) *(Y**E)+Q(BI*(Y**7)+0(F)* (V4% ])

HC1) TO H(9) COFRFFICIENTS OF POLYNOMIAL EQGN. FOR PADIAL TU&SL +HE

INTFNSTTIES

VIURBZHCIITH(2)) *»V+H (I (VR *2)+H (L) * (Vo *3)+H(S) e (VY x*x L) +R{A)H(YPrH)
TR {Yrxb) +H(BI* (Ve P)+H(G)* (y**8)

UTURBL=UTURB*DRINT

YVTURBL=VIURB*DRINMT

DISPAT~RATE OF NON~DIMENSIONAL FNERGY LOSS IN FLEMENTAL STREP
DISPAT=SHSTOT*SLOPEU*DRINT
VISHIP=(FMU*SLUPLUXSLOPEUDRINT*24,) /UMAX

SUMUTR=-REYNDLDS NORNDAL STHESSES

SUMYTR=HEYNQLDS NORMAL STRESSES

SUMBIS=PISSYIPATION CURFFI(IENT

1

|
|
1
|
E
|




300

604

602
401

503

SUNDTB=RFYNNLPRG NORMAL STRESSFES

SUNMYTRWwRFEYNAt NG MORIIAL STRISSFS
SUMpDIS=nT1SSIPATION COEPFICIENT
SUNUTB=qUUTR+UITURAL

SUMYTRzqUNVTIR«VTURDL

SUMVISssUNIVISavIgnIp

SUNDIS=cnDISanIRpPAT

RATHISesUNIVIS/SUHNDIS
URITE(2,604)V,a4sTAT,SLOPED, SUNDIS, SUMUTA, UMV TE
FORMATUOX  FA. 3, 2% s F7.6,2%,F7,4:2% F11.8,2X,F11,8,2X,F11.8)
VTOTALAY

VaVeDRIHT

CONTINUR

WRITE(2.1)

CresxwwCALCULATION OF nIXING LENGTH AND FDpY VISCOSITY
CwawwxCURVE EIT OF TUrRRULIMT SHEAR STRFSS

410

328

329

304
306
317

307
368
318

309
319

H=0

DO 412 131,4

NaN+q

VASVASQ(IIwe0 "
SENSAS(VASO(T Y (UNAWVOAI Y/ L4 *VARUNON(EY)Y
UVREYS((FACI)#FACI) )~ (EBCIY*FRLII))/ (4, #SENSA¥QENSA)

IF (UVRFYY 410,409,409
CONTINUE

UVREY22 «iMnpfy
UVREY=ARS (UYRFY)
Y(I)=UVREY

XCIY=RT(1)
WRITEC(2.4143RY (1), UVREY
FORBAT(2X.F4.%,2%,Fa,.5)
GO TO 445

CONTINUF

N=hm

CALL CURVFFIT(N,X,Y,FFsSEF,PP)

WRITE(2,323yn1FuNL

FORIMAT(/AY,334NT1FFUSER NON DIMENSIOHAL LENGTH =,F5.1)
XND=XACTP/DIFHDL

WRITEC(2,320A0TR. XD

FORMAT (/AKX 27HAXTAL DIST. FROM INLET¢XY a,F?7.3,5H INS,, 4%, 15KN,D.D

VIST (X1 Y=, F6.%. /)

IF(DESGHT~1 V304,304,305

TRANSFRE T0 304 THDICATES NUTER WALL VALUES
IF(NDESGN2=1.32406,300,307

WRITEC(2,317)

FORUAT(OAX , SHOUTFR+1X AHUWALL,2X, AHBLUF,1X,8HPOSTITIONY
GO 10O 3164

IFCpIS6H2=-2.13043,303,329

WRITE(2,%310)

FORMAT (aAX ¢+ SHOUTFR o IX,AHUWALL,2X, SHGREFN,1X, 8HPOSITION)
GO 70 314

URITF(2,319)

FORHAT (ORY,SHOUTER X, AHWALL,2X, 3HRFD,AX,BHPOSETION)
GO TO 316
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¢ TRANSFFR TO 305 INDICATECS THNFR WALL VALUES
305 1F(DFSGN2=1.5340,310,311
310 WRITF(2,32M)
320 FORMATUNAN,SHIHMFRrAX AHWALL,.2X,4HBLUE,,1X,83HPOSITION)
GO 70 316
19 IFCDFSGH?=2.)%12,312,314
312 URITF(2,3721)
329 FORUAT(NAAL,SHIMNNER+1X s 4HWALL,2X,SHGRFEN,1X,BHPASITIONY
60 10 314
314 URITE(2,322)
322 FORMAT(NAX,SHINHFR/ X AHWALL,?X,3HRED,1X,8HPOSTITION)
60 10 314
316 CONTINUF
WRITFC2,327 DRt gT,.HE, RFNOLY
327 FORHAT(IHA, 72X, 7UDELTAYe, 6,3, 1%, 4HIKS, ,1X,2HHe, F5,2,1X,8HREYNOLDS,
TAXPIHNOL A7 (AASED UN THETAY=,F3.1)
WRITE(2,300)
300 FORHAT(1HA, AX, AHDIST AN 4HDIST o 3X, PHNU/UMAX , 2X , SHSHEAR ,3X, PHED, V1S
TorTXe7HED VIS 2%, 3aMIX L, 4AX, 5HMIX Y
WRITE(2,301)
301 FORMAT(OX,&HRaRT 4K, 5HRO=RY , 4X2HDR,SX,6HSTRESS 22X, 6HU, DELw,2X, 8HKU
TCROSRIY , 2X, AHDFLw 3%, PH(RO=RY))
DRTAWSRTAIN/RHY
V=DRTAY/?,
SLOPE 15 ASSIANFD AN INITIAL VALUF GREATER THAN 0.3 YO START
CALCULATION pepacEDURE
SLOpFUa10,
no 239 =1,

<y O

V=RT(I)
IF (V=gr) 500,510,310
500 CONTINYE
CraxtsiF SLODPF OF VFIOCITY PROFILE IS LESS THAN 0.3 YHE SLOPE 1S
¢ CALCULATED aSslniNG A LINFAR RELATIONSHIP BEYWEFN SLOPEU AND V AS
c IN EARLTIFR PART OF PROGRAMN
IF (0,3~SL0pE:y 811,501,501
541 CONTINYF
SLOPEU= (1) 41 (2) aVHI{II A (VW e2) b lICA) w (Vua3) 4l {SY e (Vield)+U ()2 (Vea5)
1+UC2) 2 (e a Gy w11 CRY R (V3 %P ) 4119y * (Veud)
SLOPESasiLnbrl
SLOPE=SINRFQ/(RR=V)
60 T0 512
501 SLOPFU=SLONFER(RR=V)
S02 SHST=PP(1)I+op(2)wVePP(3)w(Vew2)+PP L) a{Vun3)oPD(SY % (Vuwd)spPp(6)uly
T *3)+4PPU7I N (Vael)+PP(B) 2 (Va7 )PP (D) n{Vwab)
IF (SHSTY 510,510,799
799 CONTINIUFE
SHST-SHFAR STRESS
VANNL=RADTAY p1ST. FROM WALL RELATIVF T0 ANNULUS HEIGHY
CDVHDDERnY viscnSITY NON DIMENSTOMALISED REL, TO DISPLACEMENT
THICKNESS
FOVHDA«IDAY vigcoSITY NON DIMFHSIONALISFD REL, TH AUNULUS HEIGHT
MIXHDD==MIXTING LENGTH NON DIMENSIOHALISED REL, TO DISPLACEMENT
THICKNESS
HIXHUDA«=NIXTING {ENGTH HON DIMEHSTIONALISED REL, TO ANNU{US HFIGHT
SHST=SHUST/?.
SLOPFUaARS(SLIPEL)
VANNL=V/ANHTY
DUDRDPDISLOPFHRDFLST

I OIOTOIOIOD



! 505

PUDRDA=SLOPEU&ALNHUT
EDVHDD=SHST/DUPRAD
EDVNDAzSHST/DUDRDA
HIXNDD2(SHST/(NDUDRDDADUDRDN) Y ww(),§
HIXNDA®(SHST/ (DUDRDARDUDRDAYY*+0, 5
QHSTOT=P(1)+Pt2)*V*P(3)*(V**E)*P(4)*{V**3)+p(5)*(V**4)+P(6)*(V**S)
T4P I (Verb) 4 (RY* (VW *P) 4P () w(Vnd)
230 uRITF(2.2?1sv.VANNL.qLOPEU.SHSTOT.Envnnb.EDVNDA,HIanD.MIXNnA
231 FORNAT(AX.F4 B X PO 32X FO. 302X F? b 2X F6e3,2%Xe R 6a3XsFb.2,4X,
1F5.3)
510 cONTINIR
WRITEC(2,373ysun1s
323 FURHAT(1HH,?X.11HDI§SIDATION.1X;12NCOEFFICIENTn.F9.6)
WRITE(2,324)SUMYTH, SUNVYTA
324 FORHAT(ISX;%HRFYHOLUS;1X,6HN0RHAL:1X.?HSTRESS..1X18HUCOHPHT=:F8.S:
14X+ 8BHVEanPNTe, F3.5)
GO TO 1059
STOpP
FND

END OF SEGMENT, LenaTH 2609, NANE  R144



Al18-1 SAMPLE CALCULATION AT X = 9,85 ins. L/Z!Rl = 10 DIFFUSER, INNER WALL LAYER

CURVFE FITTING OF NEAN VELOCITY

n

OKDER 8 MFAM SsoUARE ERROR = 0,.5134620E~03

NO ., COEFFIGYIENT

W N APNNY - D

0

6.
=hf,
436,
1549
3216,
~1869 .

L 22760241

28509303
R83724043
20377901
LOATIOR4
L2364,52
PA7076R3

7636 626441356

~6AR .
¥ (R-R) ins
0.00500000
0.02000n00
0,0%3530n00
¢.05000000
0.06500000
LO30000800
LO8R00000
L11000000
LA12500a000
14000000
L15%00000
7000000
L13560000

DD DD OO0

P9239462

y ufuU expT
N.25000000
0.34000000
0.38500000
0,41500000
0.43600000
0.45300000
0,47000000
0,43%300000
0,49500000
0.30800000
N.52000600
0.,53200000
0,%4500000

YCALC

0.25736754
0,32902126
0.37979430
0,41555216
0.44083224
0.45929367
0.47342562
0.48518087
0.49587365
0,50639273
0.51724168
0.5286383194
0.54078220

ufU cad™

FRRAR

LO0736054
.01087874
00520570
.00055216
L06683221
00629367
00342562
00218087
.0N0R7845
L00140727
00275832
.003343n6
00429780

908




0.20000000
0.21500000
0.23000000
0,24500n000
0,246000000
0,.27500000
0.20000000
0.30560000
ND.32000000
0.33530000
0.35000000
0.3A500000
0.33060600
0.3%0500000
G.440000¢0
0.42500000
0.44000000
0.45500000
t,47000000
0.43500000
#.51000000
0.51500000
¢.57000000
0.545%500000
0.54000000
.57500n00
0.50000n00
0.60500000
N,&2000000
N.65%00000
0.45000n0700
0.44550000
0.62000000
0.460500000
0.71000000
0.72500000
0.74000000
0.75800n00
0,77000000
0.724500n000
0.30000900
D,.R1500n00
0.373030000
0,34500n000
0,R4000000

0,55600000
0,57000000
0,.53100000
0,50400000
N,460500000
0.62000000
0,63000000
0.64400000
0.65500000
0.66800000
0.68000000
0,69100000
0,70300000
0,.7150000¢C
n,72600000
0,.74000000
0,75000000
0.76300000
0.77400000
0.735G0000
0,79700G000
0.30R00000
0.72000000
0.83100000
0,.34300000
0.85400000
0.36500000
N.37700000
0,33300000
0.70000000
0,%1000000
0.%2000000
0,.72000000
0.23800000
0.94500000
0.25300000
0,060006G00
0.56R00000
0.97300000
N,.08300000
0.78500000
0.09000000
0,08400000
0,0°94000600
O, C0R0AOON

0.55348450
0,566653362
0.58011583
N.59368556
0.640720194
0,A2031365
0.63351740
0.6466146727
0.65837754
0.67021672
0.68171713
0.649293798
0.70396741
0,71489920
0,72582757
0.?73683956
0,74800832
0.75938758
0,77100764
0.73287289
0,79426107
0.R0722425
0.819359141
0.,R3197265
0,84426470
0.85635760
0.86814208
N.R7951740
0,RO039906
0.o0n72594
0.21046578
0.91962158
0.02822013
0.93633504
0.94409784
0.95156700
0.95887009
0.966084663
0,97323438
0,0806226065
0.9R631486
0.09252760
0.09652439
0.29780z242
0,904483T43

-y

-

s 11
o

>
.

1 3 3
(o]

D000 D

L3

0.00251580
0.00334638
0.000884617
0.00031144
N.00220198
n.0G60513465
0.00381740
0.00294727
0.003377%4
0.00221972
H.00471713
H.00193708
0.00096741
00010080
Q0017243
0316044
00197143
00341242
00299226
.00212741
L00203563
0007?7575
00040859
00007265
LONTRe6470
D0235760
.06314208
LB0281740
00239004
L0n072594
L00N4L6628
000373842
00077187
00164496
Loone0214
LOG143300
.00112991
.00191337?
0.00023438
0.00277395
0.00181486
0.00282760
0.0062534%5
0.00TRD242

DSDDO0ODDO0O0DDD

2

D200

0.00351652

LOS

-T



ORDER =

NO,

JWNIAI P A D

CURVF FIT nf SLOPE OF VELOCITY PROFILE

8 HEAN SoUARE ERROR = 0_240087E02

COFFFICTIENT

6.

=142

1379
=6720
13136
=-27798
23738 .
nO24L7 .
1075

X (R’R\) ins
0.01750n00
0.03500000
0.05280000
G0.07000000
0.03750000
0.1u5600%0
0.422%0000
0.14000000
0.15750n00
0.17800009
0.19250000
0.21000000
.2275000n
0.248%00000
0.24250n00
0.23000000

33982018
22079480

73269765

341496021
11273336
82440044
42020463
01724434

_030454R3

y d(u/U)/dR '

4,27064404
2.34632861
1,089496991
1.793718RS
0.74396102
0.76772285
0.70463500
0.70936944
0,74862675
0,79933949
0.34668122
N.03185836
0.70108%25
0.°0403167
0.092722259%
0.37064418

d (ufU}
VCALE Jos

4,28899431
2.83967343
1.88049374
1.230977%6
0.937217429
0.76772Vv64
0.71033982
0.71857313
0.7590G6230
0,80898560
0.85386309
0.88568407
0.90125157
0.90077561
0.R3672:31
0.862872458

FRROR

-0.01835227

n.00665548
0.01445647
0.01274149
0,00678672

-0.00000680

-0.00565482
“0.00920348
=0.01044164
-0.00959570

~0.00718188
~0.00382724

-0 00016237
0.00323606
0.00599429
0.00776574

205




(R-R;{) ins.
0,29750000
0.%1500000
0.33250n00
0.35000000
0.36750000
0.33500n000
0.4025%50000
0.42000000
0.43750000
0.45500000
0.47250000
0,.495000000
0.54750000
0.8250000n0
0.542504a0n
0.534000000
0,57750n000
0.59530000
0.641250000
0.4A3000000
Q.44750000
0.466500000
0.432500800
0.70000000
0.74750000
0,.73500000
0.737250000
0,.772006000
0,78730000
O.33R8G0000
0.272250n000
0.834000000
0.Aa5750400
0.37920000

d(UIU)/dR
0,36196550
0,01094157
0,78145728
0.75670239
0,73R044227
0,72052435%
0.72864597
0.73563480%
0.74893301
0,7T6451 449
0.7856%181
0.30353513
0.31747367
LAPLOB550
0,32417316
0.3136458°2
0,.793165350
0.7632387%
0.72533240
N.682005%3
0. 63624117
n.5916701°?
0.55190901
0n,52006373
0,408053R8
0.48569816
0.47971463
0N 47245924
n.L504RNOSY
0.75285347
0.76027580
0,.037915826
«0.35700628
-0,%6763451

d(“/U)/ drR  caLc™

0.R3352513
0,R02926064
0,77432505%
0.7521362¢9
0.73702017
0.73028472
0.73193400
0.764900685
0.75576209
0.77389 457
0.79275.54
0.,30957018
0,A2172765
0,82697132
0,82360928
0.A1n69743
0,78814437
0.75673u46
0,.71R835284
0,.67536507
0.630963%94
0,.5E861376
0.65463596
0.5227578°?
0,.59%354511
0. 49272796
0.48705520
0.4L7832372
0.45304734
0,39076004
D.267262493
N.Ne859322
-0.,36262923
-0,077775811

ERRCOR
0.00843637
0.00801493
0_00A63223
0.00459340
6.00994408

=0.00076u3%%
=0.00329004
~-0.008346882
-0.00677%09
~0.0073%7%R8
-0 00711873
=~0.006035058
-0.004256046
-0.00198582
0.000%1388
0.0029481%9
0.005061713
0,.0n844LR27
0.00702956
N.006630264
0.00827223
0.00305987
0.00027305
-0.0026R409
=0.005%0422
=0.0070724%80
~-0.00734057
-0_ 00586074
~0.00256646R2
H. 00209337
N.00684L5R6
0.009%22n4
0.00562295
=0.01010640

L



CURVF FIT nt AXIAL TURRULENCE INTEMSITIFS

R-Rms. T UP

n,050 0.014%2
0.100 0.01359%
0.150 0.014739

ols

0.85000000
0.70000000
0.75000000
0.30060000
0.85000000

0.P0B634L4LSK
0.30756528
0,30729690
0.00667630
Nn,00613381

0.00844320
0,.00783533
0.0n7249591
0.00660447
0.00619017

ORNER = 8 MFAN SOUARE ERROR = 0_236540F-06 0,290 0.61515%

0.250 0.01516

0,300 0.695%4

NO, COEFEIRTENT 0.350  0.01393

0.400 0.,01294

0,450 0.01186

0 N.N1807054 N,.5G0 0.04072

1 -0_412742432 0,550 0,00079

2 1.31170346 0,600 0,00011

3 «5.74350505 0.650 0.00363

4 12 734351589 0.740 0.00787

5 ~i6.N9307L55 0.750 0.00730

6 11 91265036 n.80p 0.006643

7 =5 11547048 n,850 0,00613

8 T.06613167 -z, 2 _ x w*/ .2 0.9 0.00643

X (R=Ri) ms y TuTee VCALE /o FRROR

0.05000000 N.01431848 0.01433570 -0.00001773
0.10060000 0.01389482 0,01383u52 0.00066431
0.1530006000 0,01439142 0.01446281 -0.0000717%9
0.2u000000 0.01514752 0.01510%47 0.00003805
0.25000000 0.01515431 0.01528609 «0.00012778
0.300060600 0.01514107 0,01489549 0.000242R87
0.33000000 0.01392534 0.01405676 =0.00013142
0.40000000 0.0120353% 0.01296649 -0,00003113
0.45000000 0.01186394 0,01181284 06.00005410
0.50000000 0,01072250 0,N1074365 -0.00002445
0.5500010n 0.00978628 0.0088328% ~0_ 00004655
0.60000000 0.00010763 0.09G8318 0.000024458

0.0001%175
~0.00027306
0.0u008,99
N0.0000718%
~0.00005656

N ALAAN AN A r{ALD5T0 A AnNLEY LT A Annnt1ia s



ORDER

=
<
.

DNIIA NN =D

CURVF FIT AF RADIAL TURRNULENCE INTENSITIFS

8

HEAN SOUARF ERROR = 0.662611E=06

COEFFIRIENT

-n_
0.
-2
13
37
56.
i 6
19
-

na780422
30625373
&a304752

.R3222231

76775024
70725003
764204549
13159441
82707665

X (R=R) ns.

0,05000000
0.10000000
0.45000000
0.,.20000400
D.25000n000
0.30000000
0.35000300
0.400060000
Q.450001800
O.Sﬁnﬂnﬁnﬂ
L55000000
LEN000000
LAR000A0N
LANOONA0D
0.75060000
¢.20000000
0.350008000
N0.300°0900

DO D

v V”/u2 EXPT
n.N0208031
0.00533340
0.00711726
0,00815420
0,00974114
0.0106%9040
0,01241625
0,013727072
0.01272780
0.01106052
06.0109733%2
0.,009074142
N,.006805360
0,.70724523
0.00835850
0,00445303
0n,00203348
n 00231352

YCALE

V'/Uzzxﬁ
0.00202%58
0.00551533
0.00694096
0.00814584
0,00959997
0.01141747
0.01232748
0.01273477
0.01283a22
g.01211171
0.01095%9546
0.00961411
G,NuB2B106
0.00693657
0,N0563333
0.00428482
0.002799353
0.0a230388

(R-R,)ins V'Z/Uz

0.050 0,.Nu203
0.1490 0.0n533
n,150 0.00712
0.200 0.0081%5
0.250 0.0n074
0,300 0.01049
0.350 d.01242
0.4u0 0,01327
0.450 0.017773
0,500 0,01107
0.550 0.01007
N.609 0.6n074

0.650  0.00Aa05

0,700 0.00722
0.750 0.00536
D.890 0.0044L5
0,850 0.007203%
0,950 O0.002%1

FRROR
0.00005072

~n.00018402

0.000176%0
0.00000836
0.000146117

=0.00042707

0.00008878
0.000333946

-0, 00011042
~0.00014219

0.00001378
0.0001273%1

-0,00019745

0.00027366

0. 00027483

0.00016321

=0.00006u04

H.00000G84

s



ER

CURVE FIT oF SHEAR STRESS,WALL VALUE FROM LUDWIEG ANDTILLMAN FEON

8 MeAN SOUARKE ERROR = 0,556772E-07
COEFFIGTIENT
0.00157839
N.07141¢60
~0.52729133
?.A3267727
-6_.14538535
3_408757856
7 SR0007n2
-1 . R5229707
4.737816482 2 (T ot T,)
X (R=R))ins Yoot TuRe VIS
0.00000000 H.00158944
0.05000n000 0.00419530
0.1606060800 0.00549605

0.150400600
0.20060000
0.25000000
0.30000n00G0
0.350500%00
0.40000000
0.45000000
0, 0050030
0.55000n000
0.460G00000
0,.65000000
0.720000000
0.75000000
0.83000000n
0.85000000

0,00674%18
0n,00789020
0.008609454
0.00061710
0,01016104
0,0N08%251
0.009016570
N,00790882
0.00665277
0.00541072
0.00455016
0.60359617
0.0629005%
0.001986149
0,00102080

YCALC;%!qams
0.00159339
0.00414200
0.00557581
0.00671604
0.00785598
0.N0RY3TR3
0.00976033
0.01011614
0.00088150
0.00910.381
0.00795640
0.003666273
0.0N545426
0.NN&L6,RS
0.00365347
0,002883%17
0.N0106244
0.00102383

rTwQ

0.0460
0.059
0,140
0,130
0.290
0.259
0,340
0,350
0.400
0.459
0.510
0,550
N.6un
0.450
0,700
0.750
n.3800
0.850

ERROR
=0, 0000087%
0.00004621
=0, 00007976
0.00002714
0.06003423
0.00005479
0. 000147323
0.00005090
0.00001101
0.00005690
-0.00004778
=0.00000%964
=0.006003453
0. 00008032
0. 00006230
G.00001742
=0,00000146
0. 00000003

R=-Rj~ins

k)
Qqﬁmw%u
0.0014 28T 37

0,004
0.008%
0.0067
0.0079
0.009n0
0. 00964
0.0101
N,.nnoo
0.0001
0.0079
0.006A4
H.0054
0.0045
0.00%s
0.0n72¢
f.0019
0.0090

DOODS DO DO DD DD

=}

r

-~
-

zqhs/ﬂuz

.0n007551
000030640
.un002R802
60003204
LO00D34L0T
L.NoGN3142
LOn00%28S80
L0000 2?771
.00z 2
.6H0003097
00003105
.0n002329
L000023467
.0600049031
00001349
.000N1544
LON0N08R23 "

\

Z{T%R;’Emmhﬁ ’

2.00420
0.00550
0.00474
0.0075%
1.004899
0.00067
3.01016
g.00%an
0.00017
0.007¢1
0.00665
0.00842
0.00455
8.0036n0
0.00290n
G.00196
p.00102

215



CALCULATION OF REYNOLDS NORMAL STRESS COMPONENTS AND DISSIPATION

COEFFICIENT
II'IS»—I R-R,
‘du/ R_R')-,z - leR)_ _I
27 2 T %%dRr dr - '
(R- R;) ns pU d(ulu)/dﬁ F{,a—i OJ._SZ dr - ns J luz de ~ ns
0, 0u 0.0021 5.3070 0.00017048 0.00025779 =0,00u008489
0,023 6.0030 7. 8161 0,00034033 0.00049487 ~0,00011743
0,037 0,0037 2.6760 0,00048743 000071774 ~0,000111585
0.05? 0.0042 1.AR03 0.00060696 0.00093158 «~0,00u007694
0.067 0,0047 1.3488 0.00070244 0_.00114043 ~0,0:002164
0.082 0.0051 1.0444 0.00078063 0.00134736 0.00004863
0,097 0.0755 n_A234 J.00084375 D.00155460 0,0,012993
0.113 0,0059 0H.7325 0.00091323 0.00176%69 0,00021937
0,128 0.0062 07077 0,00097915 0.00197560 0.0u:0315%1
0,142 0.0045 n.7230 0.00105015 0.00219033 N.0004%682
0,157 0,0066% 0.7591 0.00112855 0.00240048 0.0,052351
0,172 0.00772 0.8019% 0.00121548 0.00263136 0.00063540
0.187 0.0n76 n.3421 0.0013111¢0 0.G07R8608 0,00075276
0,2u? 0.0n79 0.8737 0.00141482 0.00308306 0.0,087595
0,217 0.003% 0.5044 0.001525%3 0.00331459 0.,05100537
0.232 0.0080 60.9027 0.00164148 0.00354094 0.,00114137
0.247 0.00R’9 n.R9G95 J.00176163 .00377030 0,0u428421
0,267 0.0092 0.RRGT7 0,00138372 0.00390390 0,00143402
0,277 0.,0004¢ n.5667 0.00250643 H.00422598 0,00159077
0,292 0.0007 0.8422 N.00212850 0.00445082 0.03175423
0,307 00,0008 H.8452 0,00224902 0.00467277 n,00192419
0,322 0.0100 n.7e04 0.00236740 0.00480425 0.05210001
0,337 0.01014 67677 0.00248342 0.00510578 0.0°228110
0,352 0.0401 0.7495 0.00250712 H.00531502 0,0,266671
0,367 0.0401 n.7379 0.00270875 0.00552135 0,0u265599
0,387 0.06400 N.7307 0.00281867 0.0n572133 0,0,254803
0,397 0.N000 N.7%3006 000292724 (.00591719 0,00304188
0,412 0.Nn07 6.7363 N.00303476 0.00610734 n,00323455
0.427 0.,0008 0.7468 0.00214135 0.00629227 0,00343108
0442 0.0093 n.7407 0.00324694 N.004467202 0,03362454
0,457 0,0090 0.7766 0.,00%335126 0. 00664669 0,03381602
0. 472 0.0034 a.7923 0.60345331 600681642 0.00400470
0.487 0,003% n.3074 0.00355394 D.00698138 0,0454180983
0.502 0.04679 n.3189 0.00365089 0.00714179 0.05437077
0.517  0,0075 n.8257 0.00374387 5.00729737 0.05454604
0.532 06,0074 0.8267 0.00723241 0_.007464935 0,00471788
0,547 0.0047 n.8209 0.00391494 0.00759797 0.03488323
0,567 06,0063 n.AndA 0.00390185% 0.00774244 0.00504277%
n.577 0.0060 n.7881 0.00406251 0.00788349 0.01519618
n,592 0.0056 n.7618 0.00412676 0.003802129 0.00534348
0,607 0.005% 6.729° 3,00418448 0.00815602 D.005648460
0,672 0.0050 0.6942 0.00423%652 0_00828731 0.,0,561954
0.637 0.0047 0.6563 0.00428266 G.00841676 0.0087483%4
0.652 0.0u0b4 n.6185 0.004632364 0.00854295 0.00587142
n.667 0.0047 h.582% 0.00L436006 0.00866642 0.0.598790
0,632 0,903"% 0.5816 8,00430254 3 .00878718 0.0.609878
0,697 0.003%7 0.5263 0,00642172 0_00890521 0,00620380
n,712 0.0035% 0n.5079 0.00L44816 0.00902049 0,00630299
0,727 0.0032 n.LG6h 0.00447230 0.00913207 0.00639634
0.742 0.0u%) f.46900 0.00440440 0.0002462463 0.006468381
0,757 0.0023 04853 0.00451447 0.00034948 0.02656532
0,772 0,0025% n 4764 0.006453226 0.00045344 0.006640814
0,787 0,0027 0.4530 0.00454727 0.00055469 0,0,671019
0,802 0.0010 n.4029 0.00455833 0.0006%%334 0,0,677364
0,317 0.00616 n.307°% 0.00456627 0.00974945 0.0 633061
n,83? 0.0013 02276 0.0045?72077 0.00084403 0.05688183%
0,847 0,001 0.1473 J.00457311 0. 00593704 0,0u6922745
0.862 0.000% n.0669% 0.00457398 5.01002947 0.00696357
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NO,

W2 A NN 2O

CURVE FIT OF TURBULENT SHEAR STRESS

8 NEA

COFFFIGLENT

8.
P28
46,
=37,
_74256026

11

¥ {R-B)wns
0.95000000
0.100G00600
H.15000000
0.20000000
0.25000000
N.3a000060
6,35000000
0.40000000
N,43000000
0,50000000
0,55000n000
0,460000n000
0,.450C0000
0,.76060000
0.75000000
D,80000600
0,.35060700

0.00270916
0.
]
1

02656515
0R84LTELS
TAS0N3I4S8
73501042
20247950
39767431
3?300052

SOUARE ERROR = 0,.484055F=07

2 (u )
Y ua
0. nn4119?8
N,0054A545
N,NDATI514
N.00735726
0,00894051
0,00958563
0.01013254
0,.00086480
0.00013653
0,007387785
0.00662173
0,0053%3%144
0.00452649
0,00357636
0.0028321
0.0017455%1
0.050101587

2 u'y'

YCALCR TE
f.00411596
0.00847171
0.00870544
0,00736567
HD,0NRB21203
0.00970118
0.01005580
0,009355%A
0.009107%78
0.00794h26
0.00662772
N.n05407222
0.004462218
0.00365444
0,0nN288,5%9
0,00192171
0.00102196

ERROR
n.00000082
=0.000006n6
0.00000672
=0, 00000841
0.00004548
~0.00011550
0.000074674
0.00000G42
0.00003230
=0.00006841
«0_.00000509
«0_ 000081078
0.0001047%9
=0.00007508
=0, 00000648
0.0G002380
«~0.00000640

(R' R) Ins.

0.050
0,.%u0
0.150
0.200
0.25n0
0,360
0.359
0,400
0.450
0.500
0,550
0.600
0,659
0.7a00
0,750
0,810
0,859

2 {wv')
U2
0.00412
0.90547
0,00672
0.007R364
0.003%4
0.nHnane
0.01013
0.009364
0,.00014

0.00738

0,00642
0,00587%9
0.00483
0,0035%3
0.0023R3
0,0n010%
0.60402

EXPT

1S5 |

| ctew



REFERENCE TABLE A22-10

DIFFUSFR MaN nINMENSTIONAL LENGTH = 10.0
AXTAL DISTY. FrOM INLET(X) = 9,850 1NS.

INNFR vALL RLUF POSITION

DELTA*= 0.24% tNS. H= 1.6% REYNNLDS NO.(BASED ON THETA)=
DIST DIST DU/UMAX SHFAR En.VIS. ED.VIS. HIX L
R-R1 RN=nr1T DR STRESS U_pEtx U(RO~RI) DEL»
0,050 007 1.907% 0.0041 0.004 60,0006 0.09
0,100 0_054 0,802 6.0056 .04 0.0018 0.26
0.150 0.0381 0.739 0.0067 0.018 0.0024 0,31
0,200 0.197 0.R69 0.0079 0,098 0.0024 0.29
0,250 . 134 N.4a%93 0.0039 D.0O20 0.0027 0.30
0.300 0_161 0,320 0.00%3 0.023 0,0031 0.34
0.359 0.15A 0.75? 0.0101 0027 0.0036 0.33
0,400 06.21% 0,731 5.0099 0.027 0.9036 0.39
0.450 0.7242 n.769 0.0091 0.024 0,0032 0.35
04.500 0.240 0,817 0.0030 0.020 0.0026 0,31
0,559 0.2n5% 0.310 0.0067 0.016 n.0n22 0,28
0.600 n’3p2 0.746 0.0055% n.015 0.0019 0.28
0.450 0,340 0.62% 0.0045 G.0%4 f,0010 0.30
0,700 0 376 0.523 0.007%7 G.014 0.0019 0.33
0.759 0.407% 0,488 0.0029 .02 06,0016 0.31
¢.8490 0 4730 N,A4%4 0.0020 G3.009 0.0012 0.30

0

AT 0,172 0.00%0 0.012
DISSIPATION COERFICIENTR 0.004574

REYNDiI DS MNnrvaL STRFSS, UComPNT= 0 _n1nn3g

N.n.DIST,. {X/L)= 0,985

0.0016 0.53

7758_5%

MIX L
(RO=R1)
06.012
0,038
0.042
0,039
0.040
0,045
0,051
0,052
0.047
0.0414
0.0%8
0.037
0.040
0104‘
0.042
¢.040
.07

VOOMPNT= 0,00697

Sls
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APPENDIX 19

ACCURACY OF TURBULENCE ANALYSIS

No &ifflculty was experienced in curve-fitting the
velocity profile and turbulence data. Various orders of
polynomial equation were investigated and it was found that
an erghth order equation provided a stable solution with the
greatest accuracy. Some error in the calculation of déﬁl

R
can be expected, pvarticularly in the early stages of
diffusion (Section Al3-3), since the raw velocity profile
data has an accuracy of : 1% Examination of the mixing
length distributions (Figs. 4-10-1/2) reveals a scatter of
the order of 20% in the early stages of diffusion, whilst
an the latier stages of diffusion the data is free from any
significant scatter. Howerer,‘in view of the accuracy of
the shear stress measurements it is difficult to quote an

accuracy for the mixing length data although the relative

changes are probably accurate to within z 10%.




Appendix 20

Turbulence Analysis

L/&Rl = 5 Diffuser
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TABLE A20=1 =
DIFFUSER NON DIMENSTIQNAL LENGTH = 5.0
AXTAL BIST, FROM INLTETC(X) = 3,000 1INS, N D DIST. (X/1)= 0,600

INNER WALY BLOE POSTTION '
!

DFUTA+= O, 05%0 INS, Hz 1,.72R REYNOLDS NOLOC(BASED ON THETA)= 2289 .1 1

nIST NIST DH/UMAX  SHFEAR FD.VIS, ED.VIS. MIX L MIX I
R-R1 RU=RI DR STRESS U,pEL* H(RO=RI)Y DEL* (RO-RI1)
1,030 0,030 4,445 0.0030 0.007 04,0003 0,17 0,009
0,050 0.050 2.302 0029 0.013 0.0006 0.33 G, 017
0.075 0.07?5 1.3%3381 0,0029 0.027 0.0011 0,56 0,028
0,100 v.luy 1.19¢ G.0028 1,04 r.0e1e D.63 0.032
n,12h 0.125 1.111 0.0026 0.024 0,0042 0,65 0.033
W.150 0,154 4,957 0.NY2a 0.025 6.0013 0,72 0.036
0,175 0.175 0.750 0022 0.929 G0.0015 0.38 0.044
h,200 0.200 0,569 0,0020 0.535 0.0u18 1.1 8.10%6
0,250 0.250 0,651 0.0016 0.035 0,0017 1.24 0,062
n,300 0.300 .4460 v,0011 0.025 0.0013 1.07 0,053
1,350 0.350 0.220 n,0608 0.035 0.0018 1.78 0.0&9
D.&00 0.400 0.132 n.0u0dd4 0.032 0,.0916 2.21 0.110
0,450 0.450 0,044 h,0ub? 0.037 0.0018 4,10 0.205
DISSIPATION (OEFFICIENT= 0,0079518

REYNOLDS NORMAL STRESS, UCOMPNT= 0,00160 VCOMPNT= 0,000069

TABLE AZ20-2
DIFFUSER NON DIMENSTONAL LENGTH = 5,0
AXTAL DIST. FROM INLET(X) = 3,000 INS, N.D.DIST.(X/LY= 0,600

INNER WALL GREEN POSITION

DELTA*= 0,050 INS, H= 1,28 REYNOLDS NO.(BASFD ON THETA)= 3235.1

pIST DIST DU/fUMAX SHEAR FD.VIS. FD,VIS, MIX L MIX L
R-R1 RO=R1] DR STRESS U,.DEL* U(RO=R1> DEL* (RO-F1)
0,030 0.030 4,445 0.0020 0.007 0.0003 0,47 h.009
0.0590 0.050 2.302 0,0028 6.042 N,.0006 0,33 0.016
0,075 0.07% 1.381 0,0028 0.020 G.on10 0,54 0,077
N.100 0.100 1.190 0.0027 0.023 0.0011 0,62 0,031
U.125 0.145 .11 . 0026 0.023 6.6012 0,65 0,032
H,150 0.150 0.957 f.0024 0.025 0.0012 6.72 0, 36
4,175 3.175 0.750 0,0022 0.029 0,004 0,88 0,064
0,200 0.200 0.569 0.0019 0.034 0.0017 T.09 hoi5d
0.250 0,250 0.451 0.0615 0.032 G.0016 1.20 h,u60
n,300 0.309 0,640 0.0010 0.023 0.0012 i.02 .05
0.350 0.350 0,220 0.0006 0.027 0.0013 1.56 0,078
0,400 0.400 0.132 0.0004 0,027 0,0014 2.063 0,161
., 450 0.450 0,044 69,0001 0.02¢0 0.00%0 2,98 0,149

DISSIPATION COEFFICIENT= (0.001497

REYNOLDS NORMAL STRESS. UCOMPNT= 0,00159 VCOMPRT=E (.0ds4s
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FABLE AgU=->
DTFFUSER NON DLIMENSIONAL LENGTH = 5,uU
AXTAL PISY. FPKROM INLET(X) = 3,000 INS. NoDL,DIST (X/LY= 0,400
INNER WALL RED POSITION

DELTA*= 0,US0 INS. H= 1.28 REYNOLDS NO,{(BASED ON THETA)= 22851

DIST DIST DU/UMAX  SHFAR FD.VIS, EDLVIS, MIX L MIX L
R=R] RO=k1 ne STRFSS b o DEL* UCRO=-R1} BEL* {(RO=-PRI)
9,0%0 .03 4,645 .ozt G005 t,0002 0.15 0,007
0,050 g,050 2.30¢ H,0022 0.0%0 0.0005 0.29 0,015
n,975 0.0/75 1.381 0,0u25 0.01H 00,0009 .51 0,026
0.101) 0.100 1.190 0,.0024 0,021 0.0011 h,60 0.030
0,129 0.125 1.111 0,0024 0,021 0,0011 n,.62 0.031
H.15¢ J.150 +,957 0.,0022 ¢.02? 0.0011 0,69 0,034
v.175 0,175 0.750 n,0020 0,026 00,0013 0.84 0,042
8,200 0,200 1,569 V.01 8 0.032 0.0016 1.06 0,03
0,250 0.250 0.451 0.0uU1é 0,035 0,0017 1.24 G.062
.304 0.300 0.640 0.0012 0.027 0.0014 1.1 0,056
.35y n,350 }.220 0,00n9 0,041 0,.0020 1.92 0,095
N, 600 0,400 0.132 0.0006 0.045 0.,0023 .62 ¢.131
0,450 0.450 0,046 0,003 N.Nes 00,0034 5.56 0.278

DISSIPATION COFFFICIENT= 0,001279

REYNOLDS NORMAL STRESS. UCOMPNT= 0,00179 VCOMPNT= (,00082
TABLE AZ20-¢

DIFFUSER NON DIMENSTONAL LFNGTH = 5,0

AXTAL DIST. FROM INLET(X) = 0,300 INS. N.D.DIST.(X/L)= 0,060

INNER WALL BLUF POSITION

DFLTA*= 0,057 INS. H= 1,31 REYNOLNS NO.(BASED ON THETA)= 3833.8

nIST DIST DU/UMAX  SHEAR ED.VIS, ED.VIS, MIX L MIX L
R~R1 RO-R1 DR STRESS #.DEL* UCRU-RI) DEL~* (RO~FT)
1.050 0,047 2.488 0.0049 0.017 0.0009 .35 0,019
Hh,075 0.071 1.460 01,0044 0.026 0.0014 0.50 0,031
0.100 3.095 1.236 0.0039 0.027 0,005 H.62 n,034
06.125 0.119 1.132 00,0034 0,027 06,0014 0,64 D.6G35
0.151 0.142 3.961 0.0032 0.029 6.0016 h.73 0,039
N.175 J.166 4.752 N.0030 0.035 0.0019 0,90 0.049
D.20u 6.190 0.583 0,0028 N.043 n.0023 1.13 t.061
n,250 0.237 J,503 0.0024 0,062 n,un2s3 1.2 .06
D.30u 0,285 #h.529 0,001% 0.032 N.00%7 .02 0.055
h.359 0,332 h.309 0.0014 d,041 H.0022 T.52 b,0k2
3,400 0,386 . 087 N,.0011 0.197 bG5Sk 4,566 .22
.450 0,427 W, 049 0,0007 0.125 0.006R% 6,65 o302

DISSIPATION COFFFICTIENT= 0,002405

REYNULDS NORMAL STRESS. UCOMPNT= 0.0U0173 VCOMPNT= U,.00212
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TABLE A20=5
DIFFUSER NON DIMENSIONAL LENGTH = 5.0
AXTAL DIST, FROM [NLET(X) = 0.750 INS, N.DL.DIST. (X/L)s 0,150
INNER WALL BLUE POSITION

DELTA#*= 0,075 INS, H= 1,40 REYNOLDS NO.(BASED ON THETA)= 4%72.7

DISTY DIST DU/UMAX SHEAR ED.VIS., ED,VIS. MIX MIx L
R=R1 RO-R1 DR STRESS U.DEL* U(RO=RI1) DEL¥ (RO=RI) .
0,0%0 0,044 2.934 0.0066 0.015 0.0010 0.26 0,017
0,075 0,066 1.781% 0,0056 0.u21 0,0014 0,40 N, 026
§,100 0,048 1.4590 0.0047 0.022 0.0014 0.45 6,030
0,125 0.110 1.327 0.0042 0.021 0.0014 0.46 0,030
n,150 0.133 1.188 0.0039 0.022 0.0015 0.50 0,033
0,175 0,155 1.006 00,0038 0.025 0.0017 0.58 0,038
n,200 0.177 0.827 0.0037 0.030 0,0020 0.69 0.048 '
0,250 0.221 0.634 0.0032 0.033 0.0022 0,84 0,455
0,300 0,265 H.606 0.0025 0.027 0.0018 0,78 0,052
0,350 0,309 0.474 0.,0020 0.028 0.0018 0.88 0,059
0,400 0.353 0.233 0.0015 0.042 0.0028 1.56 0,103

0.459 0.398 0,147 n,0009 0.039 06.0026 1.38 0,125
0,500 0,442 0.060 n,0006 0.062 6,004 3.69 0,265

OISSIPATION COEFFICIENT= 0,003264

REYNOLDS NORMAL STRESS. U(OMPNT= 0,00248 VCOMPNT= 0,00222

TABLE A26-6
DIFFUSFR NON DIMENSTONAL LENGTH = 5.¢
AXTAL DIST, FROM INLET{X) = 1,350 INS. N.D.DIST.(X/L)S 0,270
INNER WALL BLUE PUSITION

DELTA»= 0,094 INS, H= 1,45 REYNOLDS NO,(BASED ON THETA)= 4696.9

Bt T T T ——

NIST DIST DU/UMAX SHFAR ED.VIS, ED.VIS, MIX L MIX L
R=RI RO-RI br STRESS WU.DEL* U(RO-RI} DEL~« (RO~R1)
H,05v 0.040 3.122 0.0089 0.015 0.0012 0.23 o017

0,075 0.061 2.036 0.0087 0.023 0.0017 0.34 0.026
U.100 0,081 1.594 0.0078 0.02¢6 0.0020 0,42 0,032
0.125 0.101 1.4615 0.0068 G.u2e 0.0019 0,44 0,033

n.15¢ 0.121 1.303 00,0059 N.024 0.0018 0.44 0.03¢&
0.175 0,141 1.179 0.0052 0,023 0.un18 0,46 0,03
n,200 0.762 1.033 0.00406 0.024 00,0018 0.50 0,038 .
1,258 0.202 0.752 0.0039 0.027 0.0021% 0.62 0.0647
1,300 U, 242 0.604 0.0033 N.02% 0.0022 .71 0,054
0.350 0.283 0.551 0.0026 G6.025 0.00%¢ 0.70 0,053
0,400 0,323 0.448 0.0026 0.023 H.0014 0.74 0.956
ff,450 0,363 0.272 00,0074 0.027 0,0021 1.03 H,u78
n,500 0,404 0,178 0, 0009 h.o27 g.Duen 1.27 V096
N.550 0,444 0,085 0,0005 0.032 0.0025 2. 02 0.153

DISSIPATION LOEFFICIENT= U,004D82

REYNOLDS NORMAL STRESS. ULOMPNT= O,00444 VCORPANT= 0.00299
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TABLE A20-7

DIFFUSER NON DIMENSIONAL LENGTH = 5,0

AXTAL OIST., FROM INLET(X) = 1,950 INS, NeDLJDIST,(X/L)= 0,390
INNER WALL BLUE POSITION

DFLTA*= 0,118 INS. H=z 1,517 REYNOLDS NO,(BASED ON THETA)Y= §34%6.2

DIST OIS DIH/UMAX  SHEAR ED. VIS, ED.VIS. MIX L MIX L
. R=RI RO=RI DR STRESS U.DEL* U(RO=RI) DEL* (RO=RI)

0,050 0,037 2,789 6.0080 0.01¢ 06.0011 0.19 0.017
W, 07% 0.056 2. 077 0,00R8 0.018 0.0016 0.27 " 0,024

0.100 0,074 1.7140 0.0089 0,022 0.0019 0,33 1.029
0.125 0,093 1.514 0.0084 0.023 0.0021 0.36 0,032
n,150 0,112 1.386 D.0076 0.023 0.0020 0.38 4,033
D.200 0.149 1,159 0.0057 0.021 0.0018 0.39 0.034
1,250 0.186 H.928 0.0041 0.019 0.0016 0,461 0.036
n.300 0,223 0,744 0,0031 0.017 0.0015 0.45 0.039

1,350 0,260 f.627 0,0025 0.017 0.0015 0.48 0,062
D,400 0,298 1,539 ¢.002? 0,017  0.0015 0,52 0,045
4,650 0,335 0,429 0.0017 0.017 0,0015 0,58 0.051
0,500 0,372 0,303 0.0012 0,016 0.0014 0.68 5.060
0,550 N.409 0. 231 0,0006 0.012  0.0010 0.6% 0,057
0,600 0,446 0.1214 0.0003 0,012  0.0014 0.92 0.081

DISSIPATION COFFFICIENT= 0,003781
REYNOLDS NORMAL STRESS. UCOMPNT= 0,00516 VCOMPNT= 0.00248
TABLE A20-8

DIFFUSER NON DIMENSIONAL LENGTH = 5,0

AXTAL DIST., FROM INLET(X) = 2,550 1INS,. N.D.,DIST,.(X/t)= 6,510
INNER WALL 8BLUE POSITION

DELTA*= (.7136 INS. H= 1,57 REYNOLDS NO.(BASED ON THETA)Z 5670.2
DIST DIST DU/UMAX SHEAR ED.VIS. ED.VIS. MIX L MIX L
R=RI RO~RI PR STRESS U.DEL* U(RO=-RI) DELw (RO=-RI)
0,050 0.034 2.903 0.0070 0.010 0.0010 0.17 0.016

0,075 0,052 1.905 0.0080 0,015 0.0015 0.24 0,023
0.100 0.069 1.677 0,0085 0.019 6.0017 0.29 0.027

0.125 0.086 1.589 ¢.0086 t,020 0.0019 0.30 0,024
0,150 0.103 1.521 0,0084 0.020 0.0019 0.31 0,009
0,200 0,138 1.300 0.0074 ¢.021 0.0020 0,34 0,032
1.250 0.172 1.026 0.0058 0.021 0,0020 0.39 0,030
7, 300 0.207 0,835 0.0044 0.019 0,0018 0,41 0,039
1.35v 0,241 0.752 0, 0036 0.017 0.0016 G, 41 0.1139
N.40% }.776 }.688 6,0031 0.017 ¢.001k 0,42 .00
.450 0.310 h.549 0,.0027 0.018 0.0017 0,49 0.040
0.5%00 0,345 0.344 0,0020 N.021 00,0020 0.67 0.003
N.550 0,379 0.215 0.0012 0,020 0.001¢% 0.8% 0.078
0,600 0.414 0.136 0.0009 0.024 0.0023 1.14 6,107
D.65%50 ,4448 .056 0.0003 0.023 0.0021 1.7¢ 0.162

OISSIPATION COEFFICIENT= 0.004063

REYNOLDS NORMAL STRESS. UCOMPNT= 0,00657 VeoMPnT= 3,00225
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TABLF AZ20=Y

DIFFUSEF HON DIMENSTONAL LENGTH = S_0

AXTAL DIST. FROUM INLET(X) = 3_.150 1INS. N,B.DIST. {(X/L)= 0,63%0
INNER WALL BLUE POSITION

DELTA*= 0,155 INS. H= 1,61 REYNOLDS NO,(BASED ON TJTHETA)=: 6173.0
nIST 0IST DUJUMAX SHEAR ED.VIS, ED.VIS. MIX L MIX L
R=R]1 RO=R} DR STRESS WU.DEL> U(RO-RI) DEL* (RO=RI1)
0,030 0.019 2.9%0 N, 0046 0.00% 0.0005 0n.10 0.010
0,050 0.032 2.224 0,Nn057 0.008 0.0008 0.16 0,015
0,100 1,064 1.565 0.0075 n,015% . 00158 0,25 0.075
0.150 g,0ve6 1.478 0,00K5 0,018 00,0014 0.28 0.028
1,20 J.1ey 1.359 O,0044 0.u20 0.0020 0,31 ¢.031
n,25u 0.761 1.149 0,0077 0,022 a.0ne21 0.35% 0.035
0,300 0,195 0,945 n,00m2 0,021 0.0021 0.,45% 0,038
h, 350 B.72¢% N, kub 0,004k 0.019 o010 0,39 0.039
.400 U.247 0.71% {, 0048 0.017 H,0017 0,40 0.039
0,45 ,289 0.611 0.003¢ 0.018 0.0M§E 0.43 0,043
9.500 0.,3¢2 N,462 60,0030 0.021 0.0021 0.5%4 0.u54
H,.550 y,.35%4 0.370 00,0023 0.024 0.0024 .70 0.070
nh,600 0.3%86 U,244 0,00147 0.u16 90,0016 0,65 0.065
n,650 O0.41K 0,138 G,0005 0.011 0.0011 0,72 0.072
0.700 0.450 0.032 D.NY06 0,062 0.0062 3.54 G.353
DISSIPATION COFFFICIENT= 0,0n04051

REFYNOLDS NORMAL STRESS. UCOMPNT= o,.00741% VCOMPNT= Q,00278

TABLE AZO=10

DIFFUSER NON DIMENSTIGNAL LENGTH = 5,0

AXTAL DIST. FROUM INLET{(X) = 3.150 INS. N.D.DIST (XL 0,630
INNER WALL GREEN POSITION

DELTA*= U,.155 INS. H= 1.61 PEYNOLDS NO,(BASED ON THETA)= 6173.0
DIST DIST DUJ/UMAX SHEAR ED.VIS. ED.VIS. MIX MIX L
ReR1 RO=R1 DR STRESS U.PEL* U(RO=~RI) DEL* (RO=-R1)
$.03v 0,019 2.99%0 0,0043 0.945 0.0005 0,10 6.010
h,050 a.032 2.224 0.0054 0.0u8 00,0008 0.15 0,015
0.100 N,064 1.565 0,0073 0.015 0.00615 .25 0,025
0,150 3.096 1,478 90,0080 0.017 0.0017 h, 28 0,927
0.200 0.129 1.3%359 0.0075 0.0%8 0.00%8 0.9 . 029
h,250 0.161 1.14% 0.0064 0.018 0.0018 h,3¢2 H,032
0,300 0.19% 9,945 90,0051 0,017 0. 0017 0,34 ND,934
N, 351 0,225 U.RU6 39,0041 0,016 0.0016 .36 0,036
fn,400 0.257 .75 D.0054 0.015 0.0015 0,37 0.037
0.450 0,259 0.611 D.0028 0.u15 0.0015% u,.u0 0,940
0,500 0.%2°2 0.467 v.0021 0.015 H,0015 0.45 0,045
1,550 0,354 0,310 D.0013 b,014 0.0u4 0.54 J.U54
Nn,600 0,386 0.244 0,000% 0.u13 0,0012 0.57 0,057
0,650 0.418 0.138 0.0003 0.006 0.0006 6,53 0,053
DISSIPATION CUOFFFICIENT= 0,003646

REYNOLDS NORMAL STRFESS. UCOMPNT= 0.00A70 VCOMPNT= {.002580
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TARLE A2O0-11

BIFFUSEFR 0N DIMENSTONAL LENGYH = 4,0

AXTAL BI1ST. FROM INLET(X) = 3.150 INS. N.oBLDIST.(X/L)= 0,630
IYNEFR WALL RED POSTITION

DELTA*= (,155 INS, H= 1.61 REYNOLDS NO,(BASED ON THETA)= 6173.40
n1sTy nI1sS1 DU/UMAX SHEAR ED.VIS, ED.VIS., MIX L MIX L
a=R1 RO=R 1 bR STRESS U DEL* H(RO=R1) DEL* (RO=RT)
u,. 03y d.0%9 2,990 0.0042 0.005 0.0004 0,10 0.0%0
n,050 0,037 2.224 0.0053 0.008 06,0008 0,15 0.015
0,104 1,064 1.565 3,0072 ¢.015 0.0015% Nn.2% 0,025
J.15v U,.094 1,478 00,0081 0.018 0.0018 0.28 0,026
0,20 U.129 1.359 n,0081 0,019 60,0019 0.30 0,030
0,250 3,161 1.149 0.0072 n,0e6 0.0020 0.34 0,034
0,300 0.193 0,945 0,0060 n,u2e 0.9020 0.37 0.037
u, 350 .25 0,806 J.004R 0.01¢ n.o0019 0.39 6,039
N, 400 0,257 N, 715 n.0039 0,017 0.0017 0,40 H.039
., 450 0,289 v,.6%1 0.0033 0,017 0.0017 0,43 0.043
500 .322 0.462 h,002v 0.029 0,.0020 0.53 0,053
U.55%0 0,354 0.310 0,002% .026 0.0026 n,73 0,073
J,600 g, 386 h.244 U. 0018 0.024 B.0024 0,79 0,079
n,65u .48 0,134 v,0011 0,027 6.0027 1.2 h.112
0,700 0,450 0.032 0.0008 0,078 0.0078 3.98 0H,397
PISSIPATION COEFFICIENT= 0,003870

REYNOLDS NORMAL STRESS., UCOMPNT= 0,00827 VCOMPNT= 0,00474

TABLE A20=1/2

DIFFUSER NON DIMENSIOGNAL LFENGTH = 5.0

AXT4L DIST, FROM INLET(X) = 3,750 INS. N, D . DIST.(X/L)s 0,750
INNER WALL BLUE POSITION

DrLTA*= 0,1A8 INS, H= 1,65 RLEYNOLDS NO.(BASED ON THETA)= 6418.6
nisT DIST DU/UMAX SHFAR ED.VIS., ED VIS, MIX L MIX L
ReR1 RO=R 1] DF STRESS H.DEL* U{RO-RI) DELw (RO=RI)
n.050 0.030 1.96% 00,0055 0.0608 0.000R .16 0,016
Nn,100 J.060 1.374 0.00R0 0,017 D.0018 0.27 0.u28
D,15v 0.099 1.6460 1,00972 0.0109 0.0019 0.28 0,028
n,200 6.129 1.40% 00,0092 0.020 0.9n20 V.29 0,029
0,25Y J.151 1.177 H.0034 0.021 0,.0021 .33 0.033
0,300 9.181 N,967 0.0071 0.022 0,0022 v.37 0,037
i, 350 J.211 0.867 0,0058 0,020 N,.0020 0,37 0. Y37
0,400 ). 241 0,833 0.0047 0,017 0.0047 .55 0.03%5
0,450 0.271 0,755 0,0038 0,015 0.0015 0.34 0,035
0,500 J.301 0.575 0.0030 0.014 0.0016 0,40 0,341
0,550 U.3%1 0.3606 0,0022 0.01n H.,0018 t,%4 0,054
0.600 i.3481 H.2483 0,0017% 0.0%4 00,0014 0.54 0,055
U, 650 g, 3v2 J.160 g,0u07 d,u1s 0.001¢4 0,71 0.072
N, 700 D.L22 0,037 0.0005 TIVEATA 0.0044 2.65 0.269

DISSIPATION CUEFFICTIENT= 0.004296

REYNOLLS NfJRMAI STRESS., UCOMPNT= 0.00771% VCOMPNT= U,00%2¢
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fABLE AZ0=1 3%
DIEFUSER HNON DIMERNSTUONAL (ENGTH = 5.0
AKTAL DIST, FROM [NLET(X) = 4L 858 INS, N.D.DIST. (/1= 0,970
INNER WALL BLUE PUSITION
DELTA*= 0,194 INS, Hz 1,69 REYNOLDS NO,(BASED ON THETA)= 7011.7
nIsST DIST DU/UMAX SHEAR ED.VIS, ED.VIS. MIx L MIX L
w=R1 RO-R I DR STRESS tH.DEL* UCRO=RI) DELw (RO~ER1)
o,05u 0,027 2.023 0.0046 0.006 00,0006 0,12 0.013%
0.100 B,054 1.140 00,0068 0.015 0.0016 0.26 0,028
n.154 v,081 1.178 O,0084 0.018 0.0019 0.28 0.030
0,200 H.708 1.274 00,0092 0.020 6.0021 0,29 80.030
n,250 9.135 1.125 00,0095 v.u2¢2 0.0023 0.32 0.033
4,300 t.162 1.0186 ,0091 0.023 0,002& .34 0.036
5,350 J.189 1,954 0.0081 0,022 0.0023% },34 0,036
0,400 0.216 6.910 0.0066 ¢.01% N, 0020 0.32 0,034
0,450 0,243 0.R814 0.0049 .06 00,0016 0.31 0,033
1,504 3,270 UD.644 0.0035 4,114 1,0015 06,34 0,035
n.5%50 0,297 Nn.477 0,0027 .01 d,.0015% G.ul) 0,041
0,600 0.324 v.435 0.0022 N.013 0,014 0.39 0,041
0,650 0,352 0,485 0,0017 0.ung9 0.0010 0,31 0,033
n.700 0.379 0,044 0.0008 0,053 N.0095 2.59 0,27
DISSIPATION COBFFICIENT= 0.004363
REYNOLDS NORMAL STRESS. UCOMPNT= 0,00435% VCOMPNT= 0,.00379
TABLE A20-14
PIFFUSEP NON DIMENSIONAL LENGFH = 5,40
AXIAL DIST. FROM INLET(¥X) = 4,851 INS, N,D,DIST,.(X/L)= 0,970
INNER WALL OGRFEN POSITION
DELTA*= (,194 INS, H= 1.6Y REYNOLDS NO,(BASED ON THETA)= 7011.7
NEST nIsST DU/UMAX SHEAR FD.VIS, ED,.YVIS., MIX L MIX L |
R=R1 RO=-RI DR STRESS U, DEL* U{RO=R1) PEL* {RO=RTI)
U,050 O.027 2. 023 00,0054 0,007 0.u007 9,13 0,04
N,100 0,054 1.140 B.0UhR9 0.016 H.0016 V.26 D,ueb8
n,150 0,081 1.178 0D.N0R0 0,017 0n.0018 0,28 0,009
1,200 J.108 1.214 0.00R9 0,019 0.0020 0,28 0.030
1,250 0.15%5 1.125 N,0093 0.021 0,002¢2 0,31 0,033
N,300 g,162 1.016 0.0089 0.023 0.0024 0,34 0,035
0.350 0.189 D,9%4 0,0077 v.021 0.0022 0,34 0,035
0,400 }.2%16 N.o1y t.0062 v.017 0.001R 0.31 0.933
Y. 450 0.243 0,81¢ 0.0046 0,014 0.0015 0.30 .32
v,5400 0.270 D.644 .003%3% 0.015% 0.001¢4 0.32 TR YA
0,550 4.297 §. 477 fD.002¢d 0.013 0,0014 0,37 H.03%9
B.600 J.324 0.435 0,.0047 0,010 0,001 N,35 v,U306
0,650 0,352 U.485 0,0u10 0.005 0.0006 .24 G.u25
.700 0.379 0.040 0.0002 N.016 H,0016 1.42 v, 149
DISSIPATION COFFFICIENT= 0,004340
REYNQLDS NORMAL STRFESS. UCOMPMT= 0.00827 VCOMPNTY= 0,00344
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TARLY AZD<1S
DIVFUSERY wON DIMENSTOUNAL TENGIH = 5,0
AXTAL DIST. FROM INJETOX) = 4,850 TNS, N.DL.DIST {Xx/L)= 0,970
INNER WALL KED PJUSITION

DFLTAx= U,1F4 INS, H= 1,69 HEYNOLDS NO,(BASED ON THETA)= 701%1.7

01ST DIST DU/UMAX  SHEAR ED.VIS, ED.VIS. MIX L MIX L
R=R] RO=R1 DR STRESS H.DELY UCRO=RI1) DEL® (RO=-R1) |
3,080 0.027 ’2.02% 0.0u62 G.005 0.0006 n,12 0,012
0,100 0,054 1.140 0.0066 0.015 06,0016 0.26 0.027
0,150 0,081 1.178 0.008¢4 0,018 0.0019 H.28 0.030
200 N0 1.214 0,00694 0.ued 0.002% 0.29 0.u31
1,250 0.13% 1.125 0.0096 0.022 0.0023 0.32 0,033
0,300 0,162 1.016 0,0090 0.023 0.0024 0,364 0.036
N, 350 0,189 0,954 0,00%1 0.022 0.0023 0.364 0.03s6
0,400 0,216 0.910 0.006& 0.019 00,0020 0.33 0,035
N,450 D,263 it, 814 0.00655 0.017 N.0018 0.33 0.035 '
0,500 2,270 0,644 0.0043 0.017 0.0013 0.3?7 0,03y -
0,551 3,297 0,477 0.0632 0,017 0.001R 0,63 0.045
H.600 0.324 0,435 0.0023 0.013 0.0014 0,40 0.062
Hh,650 0,352 0,485 00,0013 0.007 0.0007 h.27 0,029

w.709 d.379 3,040 06.0003 0.01¢% 0.0020¢ 1.57 0,165
DISSIPATION COEFFICIENT= 0.004352

REYNOLDS NORMAL STRESS, UCOMPNT= 0,009%1 VCOMPNT= 0,00566

TABLE A2uU-=16
DIFFUSER NON DIMENSIONAL LENGYH = 5.0
AXTAL DIST, FROM IMLET(X) = 3,000 INS, N.D.,DIST.(X/L2= 0,600
OUTER WALL BLUE POSITION

DELTA*= 0,055 INS, H= 1,30 REYNOLDS NO.(BASED ON THETA)= 3537.48

NIST DIST DU/UMAX  SHEAR ED.VIS. ED.VIS, Mix L MIX L
KO=R RO-KI DR STRESS #.DEL* U(RO=RI) DEL~* (RO=-RT)
h,02n .05 2.19¢ 0,0025 0,004 0.00062 d.12 0,067
0.05% 0.050 2.564 0.0025 0.00¢ G.0005 n.25 6,074
h, 075 0,075 1.95¢ G.0025 0,015 0.0008 D.41 6.023
0,100 U.160 1,194 0,0024 H.018 g.0010 0,52 0.029
0.125 0.12% 1.034 34,0022 6,019 0.0010 .58 G.032
n,150 0.150 1.901 6.0020 (0,020 0,0011% 6.63 0.035
0,200 g.2u0 .649 3.0017 D.024 0,003 .82 0.uab
0.25v 9.250 .57 0.0015 0.026 0.001¢4 0,95 h.052
3,300 0,360 V,447 $.0011 0,022 D.0812 0.94 06,051
4,350 0.350 #.303 n,0007 h.020 0.0011 1.1 h,064
H,600 J.600 0,179 0.000¢ U028 06,0018 1.469 0,u093
1, 4590 0.450 w10 D.06007 0,0%7 4. 0009 t.74 0,u%s
4,500 0.500 ,023 0.0000 0.017 0,0009 3.01 0.198

DISSIPATIUN COEFFICIENT= 0,001293

RFYMOLDS NURMAL STRFSS. UCOMPNT= 0. 00145 VCOMPNT= 0.006G70
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TARLE AZ20=%7
DIEFUSE R NON DIMENSTONAL LENGTH = 5.0
ARTAL DIST, EROM INLET(X) - 2.000 INS. N.D.DEST_(Xx/1)= 0,600
QUTEFR WALL LRYEN POSTTION

DELTA*= {,05% INS, H= 1_.30 REYNOLDS NO.(BASED ON THETA}= 3537.%&

nEST DIST DH/UMAX SHFEAR FD.VIS. ERP.VIS. MIX L MIX L
RU~R Rh=p] DR STRESS N B H{RO-R1) DEL* (RO=RT)
g,025 0,05 5,196 0.0025 0,004 0,000, 1,12 0.007
0.050 0,050 2.564 U.0024 0,009 0.0005 n.25 0.014
n,ors g.075 1.552 00,0025 0,015 0.0005 0,42 0.0e3
0,100 0,100 1.194 0.0025 0,019 0.0011 0.54 0.030
n,12% 0.1¢5 1.0%4 0,024 6.021 0.0011 .61 N,033
h,15¢0 0,159 i, 901 n.ug2e 0.022 0.0n12 N.67 0.037
H,200 0.2u0 h,64a0 n.0019 0,027 0.0015 0.87 D.0LR
0,250 9,250 ¢.517 0017 0,030 0.0016 1.0¢2 0,056
0,300 9, 3uY N.u4? n,0013 0,026 0.00%e 1.03 0,087
d,.350 0,354 0.303 6,000% 0,027 N, 001s 1.27 0.070
0,400 Q.40 u,179 0.0u07 0.03%6 6.002G 1.91 0,105
N, 450 J,450 9,101 G.N003 0.030 0,0017 2.13 0.128
0,500 J,500 0,023 g, 001 0.051 0,0024 6.31 0.347

DISSTPATIUN COBRFFICIENT= 0,001320

REYNUOLDPS NORMAL STRFSS. UTOMPNT= 0,00169 VCOMPNT= 0,.00090
TABLE AZ2U-18&

DIFFUSER NON DIMENSTONAL LENGTH = 5,40

AXTAL DIST., FROM INLET(X) = 3,000 INS. N, D.DIST.(X/1L)= 0,600

OUTER WALL RED PUSITION

DELTA*= 0,055 INS, H= 1,30 REYNOLDS WNU.(BASED ON THETA)= 3537.8

nIST DIST DUFUMAX  SHEAR ED.VIS. ED VIS, HMIX L MIx L
RO=-R RO=-01 DR STRESS U.DEL* U{(PQO=-RI) DEL~* (RO=RT)
0,025 d,02% 5.196 n.00z3 0.004 0.0002 0.12 . 0t7
0,05y 0.050 2.564 v.0023 0.008 0.0005 h, 24 0,013
J.075 v.075 1.55%2 00025 0.015 0.0008 0.42 0.023
n.10u N,100 1.194 p.002% 1,019 0,000 0.54 0.030
Hn,12% 3.125 1.03%4 0.0024 H.021 0,001 O.60) 0.033
N,15%9 0,150 0,901 y,0022 0.077 D002 0.47 Hh,037
a, 200 J.2u0 0,649 0,009 0,026 . 015 0.846 (IR
T.259¢ .25 1.517 0,0015 bLouer 0,00%1% N,97 H,u54
J, 300 4,300 . 647 D,0011 0.u722 D.un? .45 n, 052
n, 354 .350 0.303% 0.0004 D.uén 0,0u1d 1.24 v.0¢8
10, 4L00 .40 J,179 0.0006 D.0¢H HD.u015 1.69 r.0u3
0,450 .45 H.101 . 0003 0.025 0,004 .13 117

DISSIPATION LUEFFICIENT= 0,007283

REYANOL DS NORYAL STRESS, UCOMPNT= 0,0u125 VCONPNT= (,.00U79
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TARLE AZsU=T1
DIFFUSER NON 0 JMENSTONAL LENGTH = 5.0
AXL1AL LIST., FAOM INLET(X) = 0,750 TNS, N.DLDLIST.(X/L)= 0,150
QUTER WALL RLUE POSITION

DELTA»= ,090 INS, H= 1,40 REYNOLDS NO,(BASED ON THETA)= L713.6

DIST DISY DUFUMAX  SHEAR ED.VIS., ED.VIS. MIX L MIxX L
R{~R RO=RT bR STRESS U.DEL* U{(RPU=RI) DEL* (RO~-R1)
n,050 J. 044 L, 092 0.00K9 0.012 0,.001%0 .18 O.014
n,07Y J.066 2,719 4,0063 0.013 0.0010 0,23 H.018
0,100 J,088 1.844 N,NU 3G 0.9/ 0.0009 0,26 0,021
N,12% 4.111 1.3%334 0,n002¢ 0.009 n,0007 0.28 0.022
f,150 0,133 1.056 g.0015 n,ou8 80,0006 0,29 0.023
0,200 0,177 0,847 0.0015 0,010 O0,0006 0.36 0.02¢
N,25%u w.221 0,748 0.0016 0.012 0.0009 D.62 0,033
0,300 J,265 0.610 0.0013 0,012 0.0006 0.46 0.v37
1,350 v, 310 468 9,00%0 0.01¢ 6.0009 0,53 U,0462
0, a0y .54 4 .3H8Y 3.0009 6,013 00,0011 0.62 0.049
0, A5 0,398 n,3u4 0.0uu7 0,017 0. 0009 0,62 0, nao
1,500 J.bhs? 0,244 G,0u04 0,000 0.0007 0,64 0.051
0,550 0,487 B,128 H.0003 0,042 0.00%0 1.03% n,08&2

DISSIPATION LOFFFICIENT= 0,003794

REYNOLDS NORMAL STRESS. UCOMPNT= (,00309 VCOMPNT= ¢.,00230
TABLE A2U-20

DIFFUSER NON DIMENSIONAL LENGTH = 5,0

AXIAL DIST, FROM INLET(X) = 13,350 INS,. N.DLDIST.(X/L)= 0,270

UGUTER WALL BLUE POSITION

DFLTA*= 0,12u INS. H= 1.69 REYNOLDS NO, (BASED ON THETA)= 5130.4

niST DiS1 DU/ UMAX  SHEAR ED. VIS, ED,VIS. MIX L MIX L
RO-R Q0=~K1 DR STRESS U.DEL* U(RO=-RI) DEL* (RO=RT)
1,050 A, 060 3,700 0.0079 0,009 g.0009 u.14 0.0%4
0,075 d.0610 5. 764 0.00K7 0,011 0.0011 17 0.016
0,700 0,081 2.77¢2 0,0083 0n.013 0.001°2 0.19 0.019
0,125 0.101 2.288 0.0071 0,013 00,0013 h.22 0.021
0,150 J.121 1.85%7 0.0055 0.012 n.un12 h,24 0.023
Nn,200 9.161 1.226 0,0029 n,010 0.0010 0,26 0.025
0,250 0.2u7 0,886 0.0018& 0,009 0,0008 ,29 n.u28
n.300 B.24u2 0,735 00,0019 0,011 0.0010 h,3% 0,034
n,350 }.282 0.657 n.0020 0,017 v.0012 0.a0 0,039
n,&490 0.3¢3 0,574 H.0u15 0.011 0.0011 L, al 0,039
0,450 J.363 N,465 0.0009 .00 0.0008 G.37 0h.036
0,500 0,403 i, 341 0, 0007 0,008 0.0008 T 0,043
n,550 D444 0,209 00,0000 0.018 0.0017 0,89 0.083
0,600 .484 t, 01y ND.00605 0.122 0.0118 7.39 0,715

DISSIPATION CUEFFICIENT= 0,003%20

REYNOLDS NORMAL STRESS. UCOMPNT= g.0U643 VCOMPNT= 0. 00244
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TABLE AZ2U=21

DIFFUSEP NON OIMENSIONAL LFNGTh = 5.4

AXTAL DIST, FRUM INLETO(X) =  1.950 NS, N. D, DEST.(X/L)Y= 0,.3%0
OUTHER WAL L BLUE POSITION

DESTA+= 0,157 INS, H= 1,97 REYNOLDS NO.(BASED ON THETA)= 5627.4
D1sST DISI DU/UMAX  SHEAR EDLVIS, FDLVIS., MIX L MIX L
RO-R RO=-R1 PR STRESS U.DEL* QU{(RO=-RI) DEL* (RO=RI1)
0,05 g,037 2.6592 0.0051% f.006 0.0007 0.12 0.014
(.100 7,074 2.547 Nn.0088 0,011 0.0013 0.17 0.019
1.125 3,093 2.4u?7 0,009% ¢,012 0,004 0.18 0.021
h,150 D.112 2.344 0,.0094 0.013 0.0015 0.19 0,022
N.17% 9,1%0 2.150 7.0086 0,013 0.0015 0,19 0.023
u,20u 0.149 1.913 00,0076 0,013 0.0015 n.20 0.024
n,250 0,186 1.410 h.00s?2 0.u12 0.0014 0.23 0.027
0,300 n,2¢23 1.005 0.0034 0.011 0.0043 0.26 6,030
0,350 .260 0,764 00,0025 0.011 0.0012 n.30 0,035
0,400 0.293 0.649 90,0023 0,011 0.0013 0.33 0.039
0,459 0.335 H.573 0.0022 N, 012 0.0014 0,37 G.04L3
0,500 3.372 D,4667 0.0018%8 D.012 0.0015 .41 0.0468
0,550 0.4009 Nn.331 0.0013 0,012 0.0015 0.a9 0,057
600 D.646 U.225 0.0009 0,012 6,0014 0.59 0.068
1.650 J,484 ).075 0.0006 0,027 0,003 1.51 0.177

DISSIPATION COEFFICIENT= 0,004575

REYNOLDS NORMAL STRFSS, UCOMPNT= 0,00587 VCOMPNT= 0,0U314

TABLE AZ20-2¢

DIFFUSER NON DIMENSIONAL LENGTH = 5.0

AXTAL DIST, FROM INLET(X) = 1.950 INS, NeDL.DIST.(X/L)Y= 0,390

OQUTER WALL GREEN POSITION

DFLTA*= (0,157 INS., H= 1.91 REYNOLDS NO.(BASED ON THETA)= 5627.4
D1sT DIST DU/UMAX SHEAR ED.VIS, ED.VIS. MIX L MIX L
RO=R RO=-R1 DR STRESS 1,DEL* W(RO=-RI) DEL=* (RO=RI)
a,0%0 0,037 Z.652 0.0044 0.005 00,0006 n,11 0.013
5,100 0,074 2.547 0.0083 0,010 0.0042 0,16 0,019
3,125 0.063 2. 477 00,0092 0.012 0.0014 0.17 0.4620
6,150 J.112 2.344 0.0093 0,013 0.0015 0.19 0.022
0,175 9,139 2.150 0.008R 0,013 0.0015 6.20 1,023
0,200 0.1449 1,913 0.007k 0,013 G.0015 0.21 0,024
H.250 3,186 1.410 0.0055 0.012 0.0015 0,724 t.028
0,300 0,223 1.005 0,0037 0,012 0.00%4 0.27 0,032
0,350 0.260 V.7664 3.0027 0,011 0.0013 0.3 0,036
0,400 0,294 D.649 0.0024 0,012 Gd.0074 0,34 G.040
0,450 9.335 0.573 0,0023 0,013 g.0015 .38 0.044
0,500 0,372 0,467 0.0020 Nn_014 0.0016 0.a43 3. 050
N,55%4 0,409 0,331 0.0015 h.o%4 N.0017 0.52 0.061
0,600 3, b445 H.225% 0.0040 0,014 0.0016 .63 0,073
0,650 0,484 0.075 0,0007 0.031 0.003%6 1.62 0,190
DISSIPATION COBFFICIENT= 0.004490

REYMOLDNS NORMAL STRESS., UCOMPNT= U, U05K? VCOMPNT= U.005%66

1
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TABLE A20-23
DIFFUSER NON DIMENSIONAL LENGTH =  S5.u
AXTAL DIST. ¢ROM INLET(X) = 1,950 INS. N.DLRIST.(X/1)= 0.390
GUTER WALL  RED POSITION

DEITA+= 0,157 INS, H= 1,97 REYNOLDS NO,(BASED ON THEIAD=  S627.4

nist nIst DU/UMAX  SHFAR D, VIS, ED.VIS. MIX L MIX L
RU=R RO=-RI DR STRESS U.DEL* U(RO-RI) DEL=* (RO=R1)
aO,05u 0,037 2.652 0.0047 0,006 0.0007 0.12 0.014
9,100 d.07s 2.547 0.0080 0,070 0.0012 H.16 0.018
t.125 0.0%3 2.477 0.008¢ 0,011 0.0013 0.17 0.019
9,150 0.112 2,344 0.0080 0,011 0H,0013 0.17 6.020
0,175 0.130 2.150 0n,0071 0.011 N, 0092 0.18 G¢.021
0.200 J,149 1.913 ND.0061 0.010 0.0012 0.18 0.021
D.250 H.186 1.410 0.0042 4,009 0.0011 0.21 0.02¢
0,300 0,723 1,005 0.0031 0.030 06,0011 .25 0.029
N, 350 J.260 0.764 0.0026 ¢.011 0.0013 0,30 0.035
n.40v 0,294 0.649 0.0021 0,011 0.001°2 0.32 0.037
0,450 0.335 0.573 0.001¢6 0,Q0ue 00,0010 0.31 0.037
n_.s500 N.372 V.467 0.00%1 0.00% n,0009 0,32 0.038
8,550 $.409 0.331 0.0008 0.008 00,0010 0.40 0,046
N,600 0,646 h.225 0.0004 0,006 0.0007 0.4 0.048

DISSIPATION (OEFFICIENT= 0,.003964

REYNOLDS NORMAL STRESS. UCOMPNT= (,00574 VCOMPNT= 0.00104
TABLE A20-24

DIFFUSFR NON DIMENSIONAL LENGTH = 5,0

AXTAL DIST, FROM INLET(X) = 2,550 INS. N.D.DIST.(X/L)= 0,510

OUTER WALL BLUE POSITION

DELTA*= 0.209 INS. H= 2.12 REYNOLDS NO,(BASFD ON THETA)= 6527.3

nisST DIST DU/UMAX  SHEAR ED.VIS. E£D.VIS. MIX L MIX L
RO-R RO-R1 DR STRESS U.DEL+* U(RO-RI) DEL~* (RO-RI)D
1.050 0.033 1.889 0.,0029 0.004 0.0005 0.190 0.014
0,100 0,067 1.905 0,0049 0,006 0.0009 .12 0.017
N,150 0,100 2.045 0.0078 0.009 0.0013 0.15 6.020
fH,200 0,133 2,003 0.0097 0h.012 0,006 6.7 0.0¢3
0,250 0,167 1.770 D.0096 .013 0.001R 0.19 ,026
0,300 0.209 1.653 0.0075 0,012 0.0017 h.20 h.028
0,350 D.253% 1.15%6 0,.0050 0.010 06,0014 0.21% 0.029
n,e00 J.267 0.931 0.0032 0,008 0.0011 .20 .09
h, 450 t.300 0,773 06,0025 0.008 H.0011 .22 0.030
500 D.333% U.643 0.0024 0,009 0H,0013 0.26 0.036
0.55y 0.367 D.512 0.0022 0.010 0.0014 0,319 0.043
N, 600 2.400 v, 388 0.0014 0.009 0.0012 0.32 0.045
0.650 0.433 0,310 0.6007 4.0495 0.0007 0.28 0.039
h.7040 1.4647 h.,275 4.0010 0,00k 0,0012 d,.35 0,054
0,750 0.500 0.063 0.0002 0.0069 0,003 G.o3 0.115

DISS{PATION COEFFICIENT= 0,004725

RFYNOLDS NORMAL STRESS. UCOMENT= 0,07114 VCOMPAT= (0.00168
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TABLE AZ2U=?5

BIFEUSTE NON DEMENSTONAL LENGTH =

AXTAL DIST, FROM INLET(X) =

OQUTER WALL BLUE POSITION

DELTA*= {,262 INS, H=

DIST nisST DU/UMAX SHEAR
RO=-R RO=R1I DR STRESS
0,050 0,031 1.293 00,0023
2.100 0.063 1.409 0.0033
1.150 0,094 1.633 0,0052
n,20v 0,125 1,778 0.0074
9,250 0.156 1.794 00,0090
0.300 0.187 1.698 0.0094
0,35%0 0.219 1.529 0.0085
0,400 0.250 1.325 0,0069
0.450 0,281 1.113 0,005
H,.500 H,343 .904 0.0037
H,550 0,344 0. 718 0.0027
0.600 4,375 0.556 0.0023
0,650 0,406 0.437 0.0020
0.700 0.437 0,352 0.0015%
n,750 0,409 0,293 0,0010
0,800 0.500 9,121 0.0004
DISSIPATION COFFFICIENT= 0,004932
RFYNOLDS NORMAL STRESS. UCOMPNT=
TABLE A2
DIFFUSER NON DIMENSTIONAL LENGTH =
AXTAL DIST, FROM INLET(X) = 3,45

OUTER WALL GREEN POSITION

DELTA*= (,26Z INS.

DEIST DIST DU/UMAX SHEAR

RO~=R RO-R1 DR STRESS
0,059 0.031 1.293 0,0020
0.100 0.063 1.409 0,00%8
D.150 0.094 1.633 0,000
0,200 0,125 1.778 0,0079
0,250 0.156 1.794 0.008¢9
0.300 0.187 1,698 0,0089
0.350 0.21% 1.529 0.0080
0,400 0,250 1.325 0.0066
0,450 0.281 1.113 0.005?
0,500 0.313 0.908 0,0039
0.55¢ 0,344 0.718 0,0030
0,600 0.375 0.556 0.0023
0.654 0.406 0,432 0.0u17
N, 704 0.437 0.352 D.0012
0.750 0,469 0,293 0.0008
., 800 3.500 0.121 0.0006

DISSTPATION LOEFFICTIENT= 0,004945

REYNOIDS NORMAL STRFSS. UCOMPNT=
~

$.150

H= 2.38 REYNOLDS NO,.(BASED ON THETA)=

S0
INS, N.D.DIST. . (X/L)= 0,631
2.38 REYNOLDS NO,.(BASED ON THETA)Y= 7073.2
ED.VIS, ED.VIS, MIX L MIX L
H,DEL* U(RO-RI) DEL»* (RO=-RI}
0.0U3 0.0006 0.10 0.016
0.005 0.0007 0.1 ¢.018
0.006 N0.0010 0.12 ¢.020
0.008 0.0013 0.13 0.021
0,010 0.0016 0.14 0,023
¢.011 0.0017 0.15 0.025
0.011 0.0047 0.16 0.027
0.010 0.0016 0.17?7 0.028
0.009 0.0014 0.17 0.028
0.008 0,003 0.18 0.029
0.007 0.0012 .20 0.032
0.008 0.0013 0.23 ND.038
0.009 0.0074 0.28 0.045
0.00R 0.0014 0,30 0.049
0.006 0.0010 0.28 0.047
0.007 0.0012 0.47 0.078
0.01136 VCOMPNT= 0,00311
=26
5.0
0 INS. N.D,DIEST.(X/L)= 0.630

7073.2

ED.VIS, ED.VIS. MIX L MIX L
W.DEL* U(RO=R1) DEL™* {RQ=RI)
0.003 0.0005 0.09 4,015
0,005 0.0008 0.1°2 0.019
0.007 0.0u012 N.13 0.021
0,008 0.0014 0.14 0.022
0.010 0.0016 0.14 0,023
0.010 0.0016 0,95 0.02%
0.010 0.0016 0.16 0,026
0,010 0.0016 0.17 0.027
0,009 0.0015 0.17 0.029
0,008 0.0014 4.19 0,031
0,008 0.0013 0.21 0.03a
0,008 0.0013 n.¢% 0.038
0.008 0.0013 0,26 0.043
0.007 H.0011 h.27 N,064
4.005 0.0008 0,26 0.062
0.009 0.0014 0.53 0,080

h.01112

VCOMPNT= 0.00626
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TABLE A2u=/7
PIHEOSER NON DIMENSTONAL LENGLTH = 5,0
AZTAL BUST, FROM INLET(X) = 3,750 INS, N.D.DEST_(X/L)= 0,750
OUTER WALL BLUE POSITION

DFLTA*= 0,329 INS, H= 2.63 REYNOLDS NO.(BASED ON THETA)= 7740.0

a1ST DIST DI/UMAX SHEAR ED.VIS., ED.VIS. MIX L MIX L
U-R RO=R1 PR STRESS UJ.DEL* U(RO-KRI1) DEL* LROQ=-RI)
h.05%0 0.029 0.882 0.0010 0.002 0.06003 0.08 0.015
0,100 .059 1.097 0.0020 0.003 0.0005 0.09 0.017
h.150 B.08% 1,280 0.00%6 .00c 0.0008 .10 0.020
0,200 0.118 1.424 0.0058 0.006 0.0012 0.11 0,022
n.250 0.147 1.523 0.0080 0.008 0,0016 6.13 0.025
n,300 0.176 1.569 1.0099 0,070 0,0019 0.14 0.026
N.350 0.206 1.562 0.0108 06.011 0.0020 0.14 0,028
u. 400 0.235 1,699 0.0106 0.011 0.0021 0.15 0,929
0,450 1.265 1.385 0.009? 0,010 h.0019 0.15 0,029
04,500 U,294 1.232 0.0070 0.0u9 0.0017 0.15 .07
9.550 h.324 1.054 0.0048 0,007 0.0013 6.14 30.027
h.AD0N U.353 0.872 0D,0030 0.005 G.0010 0.14 0,026
H.650 0.382 0,709 0.0021 0.004 0.0009 0.14 0.027
9,700 0.412 0.579 g,0019 0.005 0.0010 0.16 0.031 |
H.750 0.4419 0,487 0.0019 0.006 0.0012 0.19 6.038 i

DISSIPATION COEFFICIENT= 0,005500

REYNOLDS NORMAL STRESS., UCOMPNT= 0,01290 VCOMPNT= D,00256

TABLE AZu-28
DIFFUSER NON DIMENSTONAL LENGTH = 5,0
AXTAL DIST, FROM INLET(X) = 4.850 INS. N,D,DIST.(X/L)= 0.970

OUTER WALL BLUE POSITION
DELTA*= 0,487 INS, H=s 3,52 REYNOLDS NO,.(BASED ON THETA)= 8414.0

DIST pIsST DU/UMAX SHFAR ED.VIS,., ED.VIS., MIX L MiX L
RO-R RO=R1 DR STRESS U,.,DEL* U(RQ=R1) DEL* (RO-RI)
0,050 0.027 0.133 0.0002 0.001 0.0003 0.14 0.036
ND.100 0.05%4 0,317 00,0002 0.001 0.0002 0.07 0.014
0.150 0,081 0,601 0.0007 0.001 0.0003 N,06 0.017
0,204 0.108 0.R4&2 0.0017 0,002 04,0008 0.07 0,019
n,250 1,135 1.000 0.0031 0.003 0,0008 0.08 0.021
u,300 0.167 1.088 0.0047 0.004 0.001°2 0,09 0. 024
H.350 0,189 1,139 0.0065 0.006 0.0015 0,10 0.027
N.&00 n.216 1.185 00,0082 0.007 0.0019 0.11 {h, 029
Nn,450 0.243 1.244 0.0098& 0,0UH 0.0021 0.12 0.03u
g, 5%0v 1,270 1.315 0.0111 0.009 0,0023 Nn.12 0,03
N.550 0.7297 1.382 0.011¢% 0.009 0.0023 0.1 0,030
6,600 0,324 1.419 0.0121 0.009 0.0023 8.11 0.030
N,AS50 0,352 1.401 0,.0116 0.0uY 0.0022 g.11 0.029
n,700 0,379 1.313 0.0104 0.004 0.0021 0.1 0.030
0,750 0.406 1.15% 0.0087 0,008 0,0020 0.3°2 0,031
D.R0U 0,433 0,950 0.0066 0.007 00,0019 0,12 0.033
0,850 0.460 v,.737 0.0046 6.006 0,007 0.13 0.035
9.900 Q.487 0.560 0.0030 .00 0.0015 0.14 Q0.038

DISSIPATION COEFFICIENT= 0,007032

REYNGLDS NUxMAL STRESS. UCOMPNT= u,01542 VCOMPNT= (0.00373
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- Mo -

DIFFUSER NON DIMENSIONAL LENGTH = 5.y

AXTAL DIST.

QUTER WALL

FROM INLET(X) = 4._.850 INS

GREFEN POSITION

N.D,DISTL(X/Ld= 0,970

DELTAx= Q_ 487 INS, H= 3 .52 REYNOLDS NO,{BASED ON THETA)= B8414.90
DIST BDIST DU/UMAX SHEAR Eb.VIS, ED.VIS, MIX L MIX L
RU-R RO-R1 DR STRESS U.DEL+ U(RO=-RI)} MDEL* (RO~-RI)
n,0%0 0.027 1.133 0.0005 0.004 0.0010 0,24 0.663
n,100 0.054 0,317 0.0003 0.001 0.0003 0.08 0.021
G150 0,081 1,607 0.0006 0,061 0.0003 0.06 0.01¢6
n,200 0.108 0.842 0.0016 0.0072 00,0005 0,07 0.01%
v,250 0.135% 1.000 0,0031 0.00% 0.0008 0.08 0.021
0,300 0.162 1.088 0.0049 0.005 0.001°2 0.09 0,024
h,.350 0.189 1,139 01,0066 HD.006 g.0016 0,10 C.027
0,400 0.216 1.185% 0.0083 0.007 0.0019 0,11 ¢.02%
0,450 0.243% 1.2644 0.0099 0,008 0.0022 0.12 0.031
1,500 0,270 1.%15 0.0143 0.009 0.0023 0.12 0.031
0,540 0,297 1.387 0.0125 0.009 0,0024 0,12 G.031
0.600 0.324 1.419 0.013%1 0.010 0.0025 0.12 0.031
H.650 0.352 1,401 0.013%2 0,010 0.0025 0.12 0.031
H.700 0,379 1.313 0.0125 0.010 0.0026 0.12 0.033
0,750 D.406 1.155 0.0110 0.010 0.0026 0,13 0.035
0.800 0,433 0,950 0.0088 0.010 0,0025 0.164 0,038
0,850 0.460 0,737 0.0063 0.009 0.0023 0.16 0,061

DISSIPATION COEFFICIENT= 0,007799

REYNOIDS NORMAL STRESS. UCOMPNT= ,01892 VCOMPNT= 0,00546

TABLE A20=30

DI+FFUSEF NON DIMENSIONAL LENGTH = 5.0

AXTAL DIST. FROM INLET(X) = 6.8B50 INS., N,D.DIST. (X/L)= 0,970

OUTER WALL RED POSITION

DELTA*= (,449 INS, H= 2.76 REYNOLDS NO,(BASED ON THETA)= 9938,3
0lsSTY DIST DU/UIMAX SHEAR ED.VIS, ED, VIS, MIX L MIX L
RO=R RO=R1 DR STRESS WU,DEL* U(RO~RI1) DEL* (RO~FRI)
0,050 0.027 0,588 0.0014 0.003 0.0006 0.10 0.024
0.100 0.054 0,903 0,0023 0.003 04,0007 0.08 0,020
h,15u ., 081 11,590 0.0036 0.00¢ 0.0010 0.10 0,023
0,200 0.108 1,003 1.0052 0.006 0.0014 0,11 0.027
U,250 0,135 1.011 0.0069 0.008 0.0019 0,13 0,032
v, 300 0.162 1,035 0.0087 0.009 0.,0023 0.14 6.035
d, 350 0.189 1.073 0.010¢4 0,011 0.0026 0.15 0,036
H.400 0.216 1.109 0.0118 0.012 0.0029 n_15 0,037
0,450 0.743 1.1¢9 0,0129 8,013 0.0031 0.16 0.038
g.%900 0.?270 1.125 0.013%6 .04 06,0033 .16 0,04l
0,550 0,297 1.092 0.0140 0.014 0.003%s 0.17 0,061
0, A00 v.3%24 1.03%5 0,013%9 0.015 0.0034 0,14 0,044
U.h/5U 0,352 0,959 00,0134 0.6 00,0038 0.19 A
0.700 0,379 ., B74 d.0124 0,016 06,0034 0.20 (VI FAY
0.750 0.400 0.786 N.0111 0.0%6 0,.003R 0,21 0,059
n.300 0,443 U,703 0.009¢ 015 0.0036 iY.22 D.053
u,A5u 0.460 O,A26 Hb,0076 0.01% 0.00%% 0,22 0.0%1%
H.Y YO 0.487 0,554 0,058 0,012 0,0028 0,22 0,054

DISSIPATION COEFFICIENT= 0,008191%

REYNOLDS NORMAL STRESS. UCOMPNT= 0,02032 VLOMPANT= 0.01039

————————
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TARLE AZ20=31
DIFTUSEY NON BIMENSTUNAL LENGTH = 5.0
AXTAL DPISTANCE FRUM QUTLET = §.75 INS. {1 HYPRAULIC DITAMETER)

INNFR WALL BLUF POSITION

DFLTA*= 0,235 INS, H= 1,68 REYNOLDS NO,(BASED ON THETA)= 7015.1

TABLE A20-32

i
!
NDEST DIST DU/UMAX SHEAR ED.VIS, ED_ VIS, MIX L MIX L i
R=R | RO=-RI DR STRESS U,DEL® U{RO=R1) DEL* {RO=-RI) i
1,040 0.021% 1.85% 0.0034 0.0064 0.0005 0.09 0,012
5.100 0,053 0,729 0,0055 0,016 0.0020 0n.30 0.038 f
0.150 0,080 0,796 0.0070 0,020 0.0025 0.33 0.042 |
0,200 0.107 HLR75 0.0084 v,020 0.0026 0.32 0.03%9 |
1,250 0.13% 0,901 0.0094& p.022 0.0028 0.32 0,041 !
3. 300 0.160 0,866 0.,0099 0,024 0.0030 0.35 0.043
V. 350 0,187 B.R46 0.0098& 0.025 0.0031 0.35 0.04¢
B.400 0.21%5  0.870 00,0091  0.022  0.0028  0.33 0.061 |
3, 450 0,240 0.909 0.0081 0.019 0.0024 0.30 0.037 !
0,500 0,267  0.904  0.0070  0.617  0.0021 .28 8.035 |
V.595u 0.293 NDL.RY7 0,.0060 0.016  0,0020  0.29 0.036 |
N, 600 0. 320 0,669 0.0051 0.016 0.0020 0,32 0.0640 |
N, 65%0 0,347 1,543 0.0043 0.017 n.0021 0.36 0.066
3.700 0.37% 0,516 0,.003%4 0.014 0.0017 0,34 0.042 |
N, 250 9,400 0,496 0.0021 0.009 0.0012 0.28 0.035 !
N800 0.427 J,088 0.0009 0.021 0,0027 1.01 0.127 {
DISSIPATION COFFFICIENT= 0,004341 l
REYNDLDS NORMAL STRESS. UCOMPNT= 0.0094é VCOMPNT= 0.00527 !
t
|
J

DIFFUSEF NON DIMENSIONAL LENGTH = 5.0
AXTAL DISTANCE FROM OQUTLET= 7,50 INS, (2 HYDRAULIC DIAMETERS)
INNFR WALL GREFEN POSITION

DFLTA*= 4,227 INS, H= 1.53 REYNOLDS NO,(BASED ON THETA)= 684U.2

NEST n1ST DU/UMAX SHEAR ED.VIS. ED.VIS. MIX L MIX t |
ReR] RO-K1 DR STRESS U.DEL* U(RO=R1) DEL* (RO=-R1) |
B.050 0.027  2.015 0.0050 0,005 0.0007  0.11 0,013
N,100  0.053 0,692 0.,0053 0.017 0.0020  0.33 0.040
5,150  0.080  0.482  0.0058  0D.026  0.0032 0,49 0.05%9
0,200  0.107  0.589 0.0066  0.025  0.0030 0,43 0,052 !
0,250  0.133 0,685  0,007% 0.024  0.0029 0.39 0.0468 |
0.300 0,160 0,692 0.0081 0.026 0,003 0,40 0.049
0,350  0.187  0.654 0.0084  0.028  0.0034 0,44 0.053
D400 0,213 0,624 0.0086 0,031 0.00637 0,46 0.058
V. b5 G.240 0,629 0,0087 0.030 0.0037 N.4é 0.05¢
n.s0n 0.267 0,658  0.0084  0.028  0,0034  0.43 0.053
0,850 10.293 0,672 0.007%  0.025 0.0030  0.40 0,049
0.600 0.320 0.636 0.0060  0.021 0.0025 0,3k 0,04k
h,650 J,.347 0.544 0.0064 .01 u.0022 0.58 0.046
n,7060 0.373  0.432  0,003@¢  0.015  0.0019 0,60 0.044
G.750 0.400 0,371 0.0007  0.00&6  0,0005 0,22 0,027

DISSIPATION COFFFICIENT= 0,003699

REYNOLDS NORMAL STHESS. UCOMPNT= 0.00922 VCOMPRT= (.00915




DIFFUSER NUN

AXTAL DISTANCE FROM OQUTLETS®

DIMENSTONAL
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TARLE AJu=s3

IFNGTH

5.0

11.2% INS.

(3 HYDRAUL I

DYAMETERS)

INNER WALL RED POSITION
DELTA»= 0,723 INS. H=z 1,33 PEYNOLDS NO,.(BASED ON THETA)= 3749.9
DIST DIST PU/UMAX SHEAR ED.VIS. ED.VIS. MIX L MIX L
A=RI R0=-R1 DR STRESS U.DEL* U{(RO-RI) DEL* (RO~RI)
N, 05¢ 0,027 2.388 0.0050 0.008 0.0006 0.17 0.011
n.100 0.053 0,624 0.005% ¢.035 0.0023 0.67 0,064
0,150 0,080 0.572 0.0061 0.043 0.0028 0.78 2.05%1
0,200 0.107 0,693 0.0070 0,041 0.0027 0.69 0,066
n, 2540 V.133 U.618 0.0077 0,051 0.0033 0.82 0,054
3,300 0,160 0,460 0,0081 0,072 0.0047 1.12 0.074
0.350 0.187 0,387 0.0081 0.085 0.0056 1.34 0.088
n,400 .25 (0, 441 0.0080 0.073 6.0048 1.16 0.076
0H.450 0.240 0,525 v, 0075 0.05% 0.003R8 0.95 0.062
n,s506 0,267 g,510 00,0067 0.054 0.0038 0,93 0,061
0,550 0.293 0,361 00,0056 0,063 0.0041 1.19 0,078
. 600 0.320 0.215 U.0043 0.081 0.0053 1.7% 0.115
h, 650 0,347 h.150 0.0030 0,082 0.00%4 2.11 0,138
d.700 0.373 0.085 0,0015 0.07% 0.0047 Z2.61 0.171%
DISSIPATION COEFFICIENT= 0,003282
REYNOLDS NORMAL STRFSS. UCOMPNT= 0.00917 VCOMPNT= (,00862

TABLE AZ20=34

DIFFUSFR NON DIMENSTONAL LENGTH

AXTAL DISTANCE FROM OUTLET=

5.0

3.75 INS.

{1 HYDRAULIC DTAMETER)

OUTFR WALL BLUE POSITION
DFLTA*= 0,307 INS, H= 1.87 REYNOLDS NO.(BASED ON THETA)= 8217.7
DisST DEST DU/UMAX SHEAR ED.VIS. ED.VIS. MIX L MIX L
R0=R RO~RI DR STRESS U,.DEL* U(RO=RI) DEL~* (RO=-RT)
3.050 0.027 1.289 0.0032 0.004 0.0007 .10 0.0%6
6n.100 0.053 0,485 0,0057 0.019 0.0032 .36 0.059
H.150 0,080 0,601 0.0080 0.032 0.0053 0.51 0.084
4,200 1,107 0,532 00,0005 0,029 0.0048 0.42 0,069
0,250 0,133 0,659 0,0106 0.026 0.0043 0.36 0.059
N,300 0.160 0,727 0.0114 0.026 0.0042 0.34 0.u55
0,350 0,187 0,751 0.0121 0.026 0.0043 0.34 d,u55
h, 400 0,213 0,765 0.0128 0.027 0.0045 G.34 g,une
0,450 0,249 0.789 n,0134 0.028 0.0045 0.34 1¥,055
0,500 0.267 0,821 0.0138 0.027 0.0045 0.33 0.054
n,550 0,293 0,844 0.0139 6,027 0.0044 0.32 0,053
0,604 0.320 0.836 0.0134 0.026 0.0043 0.32 0,052
0.650 0.347 0.792 0.0123 6.025 0.00461 0.32 0.0553
n,700 .373 0,726 0.0107 h.024 0.0039 0.33 0.054
H.75u 0.400 0,676 0.0u87 0.021 0.0034 0.32 D.0%2
n, 800 0,427 0,677 G.00s7 0,016 0.0026 0.28 0.0L6
0,850 0.455 H,713 0,004k 0.011 0.0018 .22 8,037
D,.900 0,480 0.634 0.00%4 0,009 0.001%4 0.21 0.034
NL.950 0.507 h.026 0.0023 D.144 0.0236 4,23 0.603
DISSIPATION LUOEFFICIENT= D,006515
REYNOLDS NORMAL STRESS. UCOMPNT= 0,.01/721 VEOMPNT= (0.00R66
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DIFTUSEE NON DIMENSTONAL LENGYH = H.0

AXIAL DISTANCH FROM ODTLET:  7.50 INS. (2 HYDRAULIC DIAMETERS)
OUTFR WALL GREEN POSITION

DELTA*= (0,208 INS. H= 1,52 REYNOLDS NO,(BASED ON THETA)= 6331.8

DIST DIST DU/UMAX  SHEAR FD.VIS, ED.VIS. MIX L MIX L
RO=R RO=RI DR STRESS U.DEL* U(RO-RI) DEL~* (RO-FI)
0,050 0.027 1.959 0.0067 0.008 0.0009 0.14 06.016

N,100 0.053 0,710 0.0092  0.031 0.0035 0.46 0.051

n,1586 0.080  0.381 0.0110 0.070 0.0077 0,94 0.104

0,200 0,107 0,405 0,0129 0.076 0.0085 0.95 0.105

1.250 0,133 0.502 0.0148 n.071% 0,0079 0,82 0.091

9,300 0.160 N.568  0,016R8 0.071 0.0079 0.78 0.0r0

2,350 0,187 0,590 0,0188 0.077 0.0085 0,79 0,088

.400 0,213 0.590 0.0205 0.083 0,0093 0.82 0.091

H.,650 0.240 0,593  0,0218 0.088 0,0098 0,88 0.094

0,500 U.267  0.607  0.0226 0.0%0 0.0099 0.84 0.094

0,550 0,293 0.624 0.0229 0.08a 0.0098 0.82 0.091

0,600 0,320 0.628 0,0225 D.086 0,0095 0.81 0.0%0

0,654 0.347  0.604 0.0215 0,085 0.0095 0.82 0.091

n,700 0,373 0,548 0.0199%  0.087 0.0097 0.88 0.047
n.,750 D.400 0,471 0.0178 0.0 0.0101 0.96 0,107
Y, 800 0,427 0,395 0.0154 0.09¢4 0,0104 1.07 0.115
0,550 1,453 0,324 0.0128 0,095 0.0105 1.19 0.132
n.900 0.480 0,198  0.0101 0.122 0.0135% 1.72 0.191

DISSIPATION COGEFFICIENT= 0,008810
,
REYNOLDS NORMAL STRESS., UCOMPNTR 0.01337
TABLE A20-36
DYIFFUSER NON DIMENSIONAL LENGTH = 5.0

AXTAL PISTANCE FROM OUTLET= 11.25 INS.

OUTER WALL RED POSITION

VCOMPNT= 0,02795

(3 HYDRAULIC DIAMETERS)

DELTA*= (,.962 INS., H= 1,37 REYNOLDS NO.{BASFD ON THETA)= LBOD .7
DIST DIST DU/UMAX SHEAR ED.VIS, ED.VIS. MIX MIX L
RO-R RO=R 1 PR STRESS U.DEL* UCRQ=RI) DEL* (RO=RI)
1,050 0.027 2.608 0.0033 0.004 0.0003 0.10 0.008
0.100 0,053 0,892 0.0053 0.018 0.0016 0.36 0.031
,150 0,080 0,602 0.0077 0.059 0.00%1 0.95 0.082
0,200 0.107 0.359 0.0098 0.0684 0.0073 1.20 0,104
N.250 0.1%% 0.601 0.0115 0.089 0,0077 1.17 0,.1mM
n.300 0.160 0.410 0.0128 0.097 0.0084 1.21 0.104
1,350 0.187 0.384 0.0139°  0.111 0.0096 1.34 0.116
N.400 0,213 0.362 0,0147 0.126 0.0109 1.46 0.127
N,450 0.241 0.369 0.0155% 0.130 0.0112 1.47 0.127
0,500 0.267 0.406 0,0161 0,123 0.0106 1.37 0,118
0,550 0.293 0,449 0,0166 0.114 0.0098 1.25  0.108
0.600 0.320 0.466 0.016H 0.111 0.0096 1.21 0.1065
d,650 0.347 0,437 0,0165 0.117 00,0101 1.29 0.111
1,700 0.373 0.369 0.0158 (.132 0.0114 1.49 n.129
1,750 0,400 0,300 00,0148 ©1.149 60,0129 1.75 0.151
n,800 0.427 0,279 90,0427 6.1414 0.0122 1.76 0.152
0,R50 0.45% 0.189 0.0706 ¢.172 0.0149 2.37 0. 205
d.900 H.480 U.099 0,0082 0.25% 6.0220 3.98 0,344

DISSIPAYION COFFFICIENT= 0.005072

RFYNOLDS #HORMAL STRFSS, UCOMPNT= ,01%64

VCOMPNT= Q,.01820
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Appendix 21

Turhulence Analysis

L43R1 = 7,5 Diffuser
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TABLE AZ
DIFFUSER NON DIMENSIONAL LFNGTH =
AXTAL DIST, FROM [INLET(X) = 3,00

INNFR WALL BLUE POSITION

DELTAx= 0,051 INS, H= 1.28 REYNOLDS NO.(BASED ON THETA)=

DIST DIST DU/UMAX SHEAR

R=R] RO=RI DR STRESS
0,050 0.650 2.279 0.0028
0.100 0,100 1,165 0.0025
0.150 0.150 0,932 0.0023
0.200 0.200 D,5%83 0.0019
0.25V 0.250 U, 482 0.0017
N.300 0.300 0.463 0.0015
0.350 0.350 0.225 0.0009
0.400 0,400 0.135 0.0004
0,450 0.450 0.045 06,0003

DISSIPATION CORFFICIENT= 0,001537
REYNOLDS NORMAL STRESS. UCOMPNT=

TABLE A2
DIFFUSER NON DIMENSIONAL LENGTH =
AXTAL DIST. FROM INLET(X> = 1.25

INNER WALL BLUE POSITION

DELTA*= 0.083 INS, H= 1,40 REYNOLDS NO.(BASED ON THETA)=

DIST DIST DU/UMAX SHEAR

R=R1 RO-R1 DR STRESS
0.050 0.044 3,064 0.0034
0,100 0.087 1.481 0.0028
n,150 0.1319 1.172 0.00623
n.200 0.175 0.847 0.0019
0.2590 0.218 2.607 0.00%5
0,300 0,262 0.566 0.0013
0,350 0.305 0.567 0.0011
0.400 0.349 0,422 0,0009
0,450 0.393 0.213 0.0007
#.500 0.436 0.128 $.0003

DISSIPATION COEFFICIENT= 0,001825

REYNOLDS NORMAL STRESS. UCOMPNT=

1-1
7.5
0 INS, N.D.DIST.(Xx/L)= 0,400
3291.3
ED.VIS., ED.VIS., MIX L vMIX L
H.,DEL* U(RO=-RI)} DEL* (RO~-RT1)
0.012 0.0006 0.32 0.0%6
0.021 0.0011 0.59 0.030
0.024 0.0012 0.70 h.036
0.031 06,0016 1.02 06.052
0.034 0.0017 1.17 0.060
0.032 0.0014 1.16 0.059
0.040 0.0020 1.86 0.095
0.031 U.0016 2.13 0G.109
0.058 4.0029 5.01 0.25%
0.00172 VCOMPNT= 0.0U0094
1=2
7.5
0 INS. N.D.DIST.(X/L)= 0.167

4354 .1
ED.VIS. ED.VIS. MIX L MIX L
U.,DEL* U(RO=-RI) DEL* (RO=RI)D
G.007 0.0005% b.16 0.01¢
0.011 0.0008 0,31 0.022
0.012 0.0009 .35 0.025
0.013 0.0010 0.44 0.032
0.015 0.0011 0.54 0.03v
0.014 Nn.0010 0.54 0.039
0.012 0.0009 0.50 0.036
0.012 0.0009 0.59 0.043
0.021 0.0015 1.08 0.0679
0.016 0.001%1 1.22 0.088
0.00377 VCOMPNT= 0,000868
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TABLE AZ21=3
DIFFUSER NON DIMENSIONAL LENGTH = 7.5
AXTAL DiIST, EROM INLET(X) = 2,200 INS. N.D.DIST.(X/L)= 0,293
INNER WALL BLUE POSITION

DFLTA== 0,107 INS, H= 1.48 REYNOLDS NO,(BASED ON THETA)= 4995.1

DIST DIST DU/UMAX  SHEAR ED.VIS, ED.VIS. MIX L MIX L
R=RI RO=-RI DR STRESS U.DEL* UCRO~R!) DEL* (RO=RI)
0.050 0.040 3,058 n,0052 0.008 0.0007 0.16 0.013
N,100 0.080 1.649 0.0059 0,017 0.001¢ 0,31 0.026
0.150 0.119 1.297 0.0054 0.019 0.0017 0.37 0.032
0.200 0.159 1.060 0.0047 0.021 0.0018 0.43 0.036
H.250 0.19y 0.833 0.0041 0.023 N.00179 0.50 0.043
.30V 0.239 0,688 0.0035 0,024 0.0020 0.57 0.048
H.350 0.278 0,622 06,0028 0.021 0.0018 0.57 0.048
3,400 7.318 0.551% 0,0022 0.019 0.0016 0.56 0.048
0,450 0,358 0.418 .0016 0.018 0.0015 .64 0.054
0.500 0.398 0.266 h,00%2 0.021 0.0018 0.87 0.074
0,550 0.438 0.150 0.0008 0.026 0.0022 1.26 0.107
0.600 0.477 0,035 0.0005 0.072 0.0061 4,39 0.374
DISSIPATION COEFFICIENT= 0,.002932
RFYNOLDS NORMAL STRESS. UCOMPNT= 0.00497 VCOMPNT= 0.00230
TABLE A21-4
PIFFUSER NON DIMENSIONAL LENGTH = 7.5
AXIAL DIST, FROM INLET(X) = 3,150 INS. N.D.DIST.(X/L)= 0,420

INNER WALL BLUE PUSITION
DELTA*= 0,135 INS, H=z 1,57 REYNOLDS NO.(BASED ON THETA)= 5574.0

DIST DIST DU/UMAX SHEAR ED.VIS, ED.VIS. MIX L MIX L
R=RI RO=R] DR STRESS U.DEL* UCRO=-RI) DEL™* (RO=R1)
0.025 0,014 5.086 0.0038 0.003 0.0003 0.06 0.006
0,050 0.037 2,814 0.0047 0.006 0.0006 0.13 0,013
0,100 0.073 1.432 0,0054 0.014 0.0014 0.27 ¢.027

0.150 0.110 1.372 0.0058 0.016 0.0015 0.29 0,029
n,200 0.146 1.290 0.0057 0.016 0.0016 0.31 0,030
0.250 0.183 1.042 00,0051 0.018 0.00%8 0,36 0.030
0.300 0.219 0.811 0.0042 0.019 0.0019 N.&2 (1.042
3.350 3.25%6 0.7064 0.0034 0.018 0.0018 0.43 (r.043
0,400 0.293 0.663 0.,0027 0.015 0.0015 0,41 0,061
0,450 0.3%29 0.573 0,0022 0.014 0.00%4 0D.42 0,042
0.500 0.366 0,614 0.06016 0.014 0.001¢4 0,51 .050

+.550 h.402 0.302 0.0011 0,013 G.0013 0.57 0.056
0,600 0.439 0.277 0.0008 0.010 0.0010 0,53 0.052
0.650 0.475 0.025 0.0004 0.060 0,005%9 4.21 S 0,815
DISSIPATION COEFFICIENT= 0.003134

REYNDLDS NORMAL STRFSS. UCOMPNT= ¢,00714 VCOMPNT= 0.00086
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TABLE AZ21+5
DIFFUSER NON DIMENSIONAL LENGTH = 7.5
AX1AaiL DIST, FROM INLET(X)> = 3,150 INS.

INNER WALL GREEN POSITION

DFLTA*= 0,135 INS, H= 1,57 REYNOLPS NO,(BASED ON THETA)= 5574.0
NIST DIST DU/UMAX SHEAR ED.VIS., ED.VIS. MIX L MIX L
R=RI RO=R1 DR STRESS U.PEL* VU(RO-RI) DEL* (RO=R1)
0.025 0.018 5.086 0.0048 0.004 0.0003 0.07 0,007
0,050 0.037 2.814 0, 0062 0.008 0.0008 0.15 0.014
g.100 0.073 1.432 D.0068 0.01R 0.0017 0.30 0.030
0.150 0,910 1.372 0.0064 0.017 0.0017 0,30 0.030
0.200 0.146 1.290 0,0056 0.016 0.0016 0,30 0.030
0.250 0.183 1,042 0.0047 0.017 0.0017 0.34 0.034
0,300 0.219 0.811 0.0037 0.017 0.0017 0.39 0.039
0,350 0,256 0.704 0,002¢9 0.015 0.0015 0.40 0.03¢9
0,400 0.293 0.663 0,0022 U.012 0.0012 0.37 0.036
0,450 0.329 n,573 0,0u18 0.0 0.0011 0.38 0.03&
0.500 0.364 0,414 0.0014 0.013 0.0013 0.48 0,048
0,550 0.402 0.30¢2 0.0010 0.013 0.0013 0.56 G.056
0,600 0.439 0,277 80,0005 0.007 0.0007 0.42 0.047
0.650 0.475 0,025 0,0003 0.038 0.0038 3.35 0.331

DISSIPATION COEFFICIENT= (,003475

REYNOLDPS NORMAL STRESS. UCOMPNT= 0,007174 VCOMPNT= 0.00097

TABLE A21=6

DIFFUSER NON DIMENSIONAL LENGTH = 7.5

AXTAL DIST, FROM INLET(X)} = 4,100 INS, M.D.DIST_(X/L)= 0.547

INNER WALL BLUE POSITION

DELTA*= 0,163 INS, H= 1,63 REYNOLDS NO,(BASED ON THETA)= 6182.6
PIST DIST pU/UMAX SHEAR ED.VIS, ED.VIS, MIX L MIX L
R=R1 RO=-RI DR STRESS U.DEL* U(RO=-RI) DEL* (RO=-R1)
0.050 0.034 2.327 0,0038 0.005 0.0005 0.11 0.013
3.100 0.068 1.367 0,0058 0.013 0.0014 0.24 0.027
0.150 0,101 1,300 0,0073 0.017 0.0019 0.28 0.031
0.200 0.135 1.294 0.007¢ 0.01¢@ 0.0021 0.30 0.9033
0,250 0.169 1.164 0.0077 0.020 0.0027 0.33 0,036
0.300 0.203 0.998 00,0069 0.021 0.0023 0.36 U, 040
0.350 0.237 0.870 0.0057 0.020 0.0027 0.38 G,ubd
N,400 0.271 0.784 0,00646 0.018 0.0020 0.38 . ué
0,450 0,304 0.689 0.0036 0.016 0.0018 .38 t.04¢
f,500 0,3%38 0.553 0.0028 0.016 0.0017 0.42 0,046
0.550 0.372 0.406 0.00623 0.017 0.0019 6,51 0, ithe
0,600 0,406 0,321 0.0018 0.017 0.0019 .57 {.0as
0.650 0.4440 0,269 0.0013 0.014 0.0016 0.57 0.063
0.700 0,474 v,062 0.0007 0.036 0.0040 1.89 .oy

DISSIPATION COFFFICIENT= 0,003621

REYNOLDS NORMAL STRFSS, UCOMPNT= 0,00857

N .D.DIST,.{(X/L)= 0,420

VCOMPNT= 0,00400

ey -
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TABLE AZ21-7
DIFFUSER NON DIMENSIONAL LFNGTH = 7.5
AXTAL DIST., FROM INLET(X) = 5,050 INS,

INNER WALL BLUE POSITION

N, D.DIST.(X/L)=

DELTA*= 0,185 INS, H= 1,67 REYNOLDS NO,(BASED ON THETA)=

DIST DIST DU/UMAX SHEAR ED.VIS,

R=R1I RO=~R] DR STRESS U.DEL*
0.025 0,016 3.815 h,0039 0,003
9,050 0,031 2.175 6.0053 0.007
0,140 D.063 1.139 p.0068 0,016
hn,150 0.094 1.%161 0,0074 0.017
h,200 0.126 1.235 0.0076 0.017
0,250 0,157 1.158 0.0076 0.018
06,300 0.189 1.017 0,0072 0.019
0.350 0,220 0.915 06,0066 0.020
v.400 0.252 H,873 0,0057 0.018
0,450 0,283 0,831 ¢.0047 0.

t,500 0.315 0.720 ¢.0036 0.014
U.950 0,346 0.530 0.0027 0.014
0n,600 0.378 0,343 0.0019 0.015
0,650 0,409 0.271 00,0013 ¢.013
0,700 0.441 0.163 0.00609 0.016
0.750 0.672 0,054 0.0005 0.023

DISSIPATION COEFFICIENT= 0.004068

REYNOLDS NORMAL STRESS. UCOMPNT= 0,01034

TABLE AZ21-%&
DIFFUSER NON DIMENSTONAL LENGTH = 7.5
AX1AL DIST, FROM INLET(X) = 6,000 INS,

INNER WALL BLUE POSITION

ED
Ul
0
0
0
n
0
0
¢
0
0
0
0
0
0
]
0
0

LIS, MIX L
RO=-RI) DEL#*
.0003 0.06
.0008 0.13
.0019 0.28
.0020 0.28
L0019 0.27
L0021 0.29
L0022 0.3¢2
L0023 0.34
L0021 0.33
L0018 0.32
L0016 0.32
L0016 0.37
L0017 0,49
L0015 0.51
.0018 0.72
L0027 1.52

VCOMPNT= 0.003

N,D,DIST.(X/L)=

DELTA*= 0,218 INS. H= 1,70 REYNOLDS NO.(BASED ON THETA)=

DIST DIST DU/UMAX SHEAR ED.VIS.

R=R1 RO=-RI DR STRESS U,DEL~*
0,050 0,029 2.17¢6 0.8050 0.005

0.108 0,059 1.025 0.006% 0.015
0,15V 0.084% 0,964 00,0080 0.019
0,200 0.118 1.094 0.0086 0.018
0.250 0.147 1.115 0.0088 0.018
n.300 0.176 1.023 0,0085 0,019
0,350 0.206 0.910 0.0077 0.019
N,.400 0.235 0.842 0,0065 0,018
0,450 h.265 0.825 0.005%1 0.014
0,500 0.294 0.809 0.0038 0.011
t,550 0.324 0,731 0.0028 0, 0u9
. 600 J.353 0,571 0.0021 0.009
0,650 0.382 0.381 0.0018 0.011
0.700 d.412 1.265 B, 0014 0,012
0.750 0,641 1.180 0,0008 0.010
N,R00 0,671 0.09¢4 0.0004 0.009

DISSIPATION COEFFICIENT= 0,004200

REYNOEDPS NORMAL STRFSS. UCOMPNT= ¢.01281

ED
ul
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

LVIS., MIX L
RO-R1) DEL*
L0007 0.11
L0020 0.26
0024 0.30
L0023 0.27
.0023 0,27
0024 0,29
L0025 0.31
L0023 .31
.0018 0.28
L0014 0,25
L0t 0.23
L0011 .26
L0014 Nn,36
L0016 .46
LU013 0.50
L00n2 0.67

0.673

6599.7

MIX L
(RO=-RI)
0,007
0.015
0.032
0.033
0.031
0,033
0,037
0.040
0.039
0.037
0.037
0.0L3
0.057
0.060
0.084
0.177

66

0.300

7350.6

MIX L
(RO=RI)
0.013
0.03¢
0,038
0,035
0,025
0.037
0,04y
0,040
0.036

0,032

0.030
0,034
0,044
U.059
0.u65
0.0%8

VCOMPNT= 0,00288

!
'

e . 3 o S—
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TApte A=Y

AXTAL DIST, FRUOM INLET(X) = 7.350 1INS. N.D.DIST (X/1)= 0,980
INNER WALL ©BLUE PUSITION

DIFFUSER NON DIMENSTONAL LENGEN = 7.5 I
|
|
|
|
l
DELTA*= 0,241 INS, H= 1,71 REYNOLDS NO.(BASED ON THETA)= 7631.3

NIST PIST DU/UMAX SHEAR ED.VIS, ED.VIS. MIX L MIX L
R=R1I RO-R1 DR STRESS U,DEL* U(RO=RI) DELw (RO=-RI1) |
1.050 0.027 1.923  0.06032 0.003 0.0004 0.09 0.011 |
n.100 0.056 0,779  0.0049Y  0.013  0.0017  0.26 0,036 |
n.150 0.081 0.805  0.0065 0.017  0.0022 0.29 0.038 .
0,200 0.108  1.008 0.0076  0.016  0.0020 0.25 0.033 |
0,250 0,135 1,061 D.0083  0.016  0.0021 0,25 0.033 |
0,300 0,161 0.971 0,0085 0.018  0.0024 0.28 0.036 |
i, 350 0.188  0.%51 0.0083  0.020 0.0026 0.32 0.041
0.400 0.215 0.789  0.0079 0,029 0.0027  0.33 0.04% |
0,450 0.242  0.799  0,0074  0.019 0.0025 0,32 0.061 !
n.500 0.269 0,830 0.0067 0.017 0.0022 0.29 0.037 |
0,550 0.296  0.809  0.0059 0.015  0.0020 0.23 0.036
0,600 0,323  0.701 0.0050 0,015  0.0019 0.30 0,038
0.650  0.350  0.544 00,0041 0.015 0,0020 0.34 0,064
0.700  0.377  0.439  0.0031 0.01¢  0_.9039 0.37 0.048
0,750 0.406  0.441 0.0021 0.010  0.0013  0.3% 0,040
0.800 0.431 0.339  0.0013  0.008  0.0010  0.3% 0.040
0,850 0.457 0.749 0.0005 0.001 0.0002 0.09 0,011 |

i

DISSIPATION COEFFICIENT= 0.006132 I

REYNOLDS NORMAL STRESS. UCOMPNT= 0,01336 VCOMPNT= 0.00322 j

TABLE A21-10 |

DIFFUSER NON DIMENSIONAL LENGTH = 7.5 |
]

AXIAL DIST. FROM INLET(X) = 7.350 INS, N.D.DIST.(X/L)= 0.980 .

INNER WALL BLUE POSITION

DELTA*= 0,241 INS, H= 1,71 REYNOLDS NO.(BASED ON THETA)= 7631.3

DIST DISY DU/UMAX SHEAR EP.VIS., ED.VIS., MIX L MIX L ¢
R=R1 RO-R1 DR STRESS U,bEL* U(RO-RI) DEL* {RO-RI)
¢,050 0,027 1.923 0.003%8 t.004 0.0005 0.09 0.012 .
0,100 0.054 0.779 0,0055 0.015 0,.0019 0.28 0.036 |
N.150 0.081 0,805 0.0068 0.017 0.0023 0.30 UL
(+.200 0.108 1.008 0.0076 0.016 0,0020 0.25 h.0335
0.250 0.135 1.061 0,0079 0.016 0.0020 0.25 0,632 |
0.300 0.161 0.971 0.0078 0,017 0.4022 .27 L0335
0,350 0,188 0,851 0.0074 0.018 0.0023 0.30 d.uda
0,400 0.215 0,789 .0068 0.018 0.0023 0.31 0,00 |
H.450 0,242 0.799 0.0061 bLoté 0.0020 0.29 D.O37
0.500 0.269 0.830 H,0054 D.013 0h,0017 0,26 hon3a
¢.550 0.296 0.809 0,0046 0.012 0,0015 0.25 g 0352
D.6048 0.323 0.701 0.0039 0.011 0.0015 0.26 b.u34
N,650 0.350 0,544 0.0031 n.012 0.0015 #.30 BL0E9 |
n,.700 0.377 0.439 D.0022 0,011 0.0014 0,32 0,047
N.750 0.404 U.441 0.00%5 0,007 0,000 .26 v,055%
0,300 0.431 0.339 0.0009 0.006 0.0007 0.26 0,034
., 550 0.457 0,749 N.0004 0.0 0.0001 0.07 0,019
DISSIPATION COFFFICIENT= £,003863
\

REYNOLDS NORMAL STRESS. UCOMPNT= 4,.01336 VCOMPNT= 0.00300
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TARLF AZ21-11
DIFFUSER NON DIMENSIONAL LEMGTH = 7.5
AXEAL DIST. ¥#ROM INLET(X) = 7.35( INS,

INNER WALL GREEN POSITION

DELTA*= 0,247 INS. H= 1,71 REYNOLDS NO.(BASED ON THETA)=

n1sT DIST DU/UMAX SHEAR ED.VIS,

R=R1 RO-R1 DR STRESS U.DEL*
n.0s0 p.027 1,923 0.0043 0.0u05
u.100 3.054 0,779 D.0087 0.015

N,150 J.081 (. ROS 6.0067 0.017
u,2400 J.10R 1.008 0,0078 .06
n.254 3,155 1.061 0.0085 0.047

n.300 J.161 0.971 0.0089 0.019
n,350 0.188 0.851 0.0087 0.021
0,400 0.215 0,789 0.0080 0.021
0,450 0.242 0,799 0.0071 0.01&
n.500 0.269 .830 0.0060 0.015
.550 0.296 0,809 0.0050 0.013
n,600 0.323 0.701 0.0042 v.012
0.650 0,350 0,544 0,0033 0.013
H.700 0.377 0.439 0.0025 6.012
0,750 0,404 0.441 0.0017 0.008
i, 800 0.431 0.339 0.0009 0.006
0,850 0.457 0.749 0.0007 0.002

DISSIPATION COEFFICIENT= 0,004252

REYNOLDS NORMAL STRESS, UCOMPNT= 0,01336

TABLE A21-12
DIFFUSER NUN DIMENSIONAL LENGTH = 7.5
AXTAL DIST. FROM INLET(X) = 7,350 INS.

INNER WALL RED POSITION

DELTA*= 0,241 INS., H= 1.71 REYNOLDS NO.(BASED ON THETA)=

DIST DIST DU/UMAX SHEAR ED.VIS.

R-R1 RO=RI DR STRESS U.DEL*
0. 050 0.027 1.923 0,0038 0.004
0.10U0 0,054 0.779 0.0049 0,013
0.15¢ 0.081 n.805 0.0059 0.015
0,200 0.10% 1.008 0.0069 0.01¢4
0,250 0.135 1.061 0.0079 0.015
H.300 0.161 0.971 0.0086 0.018
0.350 0,143 0,851 0.0089 0.0G2¢2
.40 0.215 0,789 0.0087 0.023
0,450 h.242 0.799 0.0081 0.021
0.500 0.269 0.830 0.0071 0.018
6,550 0.296 0.R09 0.0060 0.015
0.600 D.3¢3 0.701 V.0048 0.014

h, 650 0.3%0 0,544 n.np38 0.014
0,744 0,377 0,439 0.0029 0.014
0.75%u N.404 . 461 0.0020 0.010
9, B00 .431 0,339 ¢.00114 o067

0,850 0.457 0,749 0.0002 0,001

DISSIPATION COFFFICIENT= 0.004233

REYNOLDS WNORMAL STRESS, UCOMPNT= 0,01336

N.D.DIST.(Xx/L)=

ED.VIS,

UCRO-RT)
0.0006
0.0020
0.0023
D.0021
0.002?
0.0025
0.0027
0.0027
0.002¢4
0,0020
0.0017
0.0016
0.0017
0.0015
0.0010
0.0007
0.0003

MIX L
DEL*
0.10
0.28
0,30
0.26
0.26
.28
0.32
0.33
0.31
G.27
0.26
0.27
0.31
0.34
0.27
0.26
0.10

0,9K80

7631.3

MIX L
{RG-R1)
0.013
0.0%7
0,039
r.033
0,033
0 037
0,042
(.0473
0.040
0.03e6
6,033
0.035
0.040
0.043
0,035
0.034
0,014

VCOMPNT= 0.0U0443

N.D.,DIST.(X/L)=

ED.VIS.

U(RO=-RI1)
0.0005
¢.0017
0.0020
0.00%8
0.0020
0.0024
00,0028
0.0030
0.0027
0.0023
0.0020
0.0018
0.06019
G.001k
0.0012
0.0000
¢.0001

MIX L
DEL~*
0.09
0.26
0.28

.24

.25

.28

.33

.35

.33

30

.28

.29

.33

.36

.30

.29

.06

ST Do oo oo oD

—
-

oo o

0.980

7631.3

MIX L
(RO~R1)
0.012
0,034
0.136
0.03
.032
.03n
L0482
L0045
L0473
0.053%9
A, 03%A
0.038
0.0453
0.047
0.03%
0,038
0.00%

oSO DD

7VC0MPNT=VQ.OU319

e e
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trpole REIT™iD
DIFFUSEr NON DIMENSIONAL LENGTH = 7.5
AXTAL DIST, FROM INLET(X) = 3.000 INS, N.DLDIST.(X/L)= 0,400

OUTFR WALL BLUE POSITION

DELTAx= ¢,057 INS. H= 1.29 REYNOLDS NO.(BASED ON THETA)= 3520.4

DIST nisY PUFUMAX SHEAR ED,VIS, ED.VIS., MIX L MIX L
RO-R RO=R1] DR STRESS U.DEL* U(RO-RI) DEL* (RO=-RT)
0.065 0.065 1.911 .,0024 0.011 0.0006 0,32 0.018
6,075 0.075 1.641 0.0026 0.014 0.0008 0.38 0.022
0,125 0.125 H.956 0,0023 0.020 0.0012 n,60 0.034
0,175 0.175 0,738 0,0018 0.022 0.0012 0.72 0.041
n,225 0.225 0.603 ¢.0018 0.027 0.0015 0.88 0,050
0,275 3.275 0,521 1,0016 0.027 0.0015 0.95 0.054
0.325 J.325% 0.415 0,0011 0.023 0.0013 0.98 0.056
0,575 0,375 N.284 0.0009 0.029 0.0016 1.33 0.076
0.4625 0.425 0.175 0.0005 0.024 0.0014 1.56 0,089
0,475 0.475 0.066 0.0002 (.033 0.0019 2.96 0.169

DISSIPATION COEFFICIENT= 0,001006

REYNOLDS NORMAL STRFSS, UCOMPNT= (.00199 VCOMPNT= 0.,00020

TABLE A21-14
DIFFUSER NON DIMENSIONAL LENGTH = 7.5
AXTAL PIST, FROM INLET(X) = 1,250 INS. N, DLDIST,(X/L)= 0,187

OUTER WALL BLUE POSITION
DELTA*= 0,089 INS, H= 1,50 REYNOLDS NO.(BASED ON THETA)= 4354.1

nIsST DIST DU/UMAX SHEAR ED.VIS. ED,VIS, MIX L MIX L
RO-R RO«R1 DR STRESS WU.DEL* UCRO-RY1) DEL* (RO-RI)
0.025 0.022 4,912 0.0038 0,004 0.0003 0.10 0,008
0.050 0.044 3.482 0.0043 0.007 0.0005 0.15 0.0%2
0.075 0.065 2,600 0.0041 0.009 0.0007 0.20 0.015

0,100 0.087 2.035 0,.0035 0.010 0.0007 0.23 0.018
0,125 0.109 1.648 0,0028 0.009 0.0007 0.25 0,070
N.150 0.131 1.363 0.0022 0.009 0.0007 0.27 0,021
0,175 0.153 1.143 0,0018 0.009 0.0007 0.29 '0.023
n.200 0,175 0.971 0,00%6 0.009 0.0007 0,33 G.026
n.250 0.218 0.746 0.0016 0.012 06,0010 .43 G033
0.300 0.262 0.630 0.0014 0.013 0.0010 0.48 0.037
+.350 0.305 0,541 0.00140 0.010 0.0008 0,46 4,036
0.400 0.349 0.413 0.0007 0,010 G.0007 0.51 g,040
0.650 0.393 0,267 0.0007 0.015 6.0011 .79 .06
0.500 0.436 0.168 0.0002 0.008 0.0006 0.73 0,057
1,550 0.480 0,069 #.0001 0.007 0.0006 1.10 N, 060

DISSIPATION COEFFICIENT= 0,001970

REYNOLDS NORMAL STRFSS, UCOMPNT= 0,00277 VCOMPNT= (,00127

e e Bkl s e e e

e tta e —a
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TARLF A?Z

PIFFUSER NON DIMENSTONAL LENGTH =

AXIAL DIST. FRGM

INLET{(Xx) = 2.20

GUTFR WALL BLUE POSEITION

DELTA*= 0,121

DIST DIST

RO-R RO=R1
0,025 0.020
0.050 0.040
3,075 n,060
0,100 0.080
0,125 0.099
0,1%0 0,119
N,17%5 0.139
0,200 1.159
n,250 0,199
0.300 0.239
0,350 0.278
0,400 0.318
0,450 0.358
G.500 0.394
(.550 D.438
0,600 6,477

DU/UMAX
DR
3.827
2.881
2.4L08
2.140
1.935
1.734
1.522
1.310
0.954
0.747
h,659
0.59°2
0,479
0.333
0.226
0,128

SHEAR

STRESS
0.0037
0.0050
0,007
0.,0058
¢.0054
0.0048
0.0041
0.003%4
0.0023
0.0019
0.0018
N.0016
0.0011
0.0007
0.0005
0.0001

DISSIPATION COEFFICIENT= 0,002632

REYNOLDS NORMAL STRESS.

UCOMPNT =

TABLE AZ

DIFFUSER NON DIMENSIONAL LENGTH =

AXTAL DPIST. FROM INLET(X) = 3,15

OUTFR WALL BLUE POSITION

DELTA*= 0,150

NEST DIST

RO=~R RO=R1
0,025 0.0148
0,054 0.037
H.075 0,055
0.1060 0,073
0,125 0.091
0,150 0.110
0,175 0.128%
0,200 0.146
1,25 0.18%
0,500 0,219
n,350 0.256
0,400 N,29%
0,450 0.3%29
0.500 0,366
0,550 0.407
Hh,600 0.439
D.650 0,475

DISSIPATION COEFFICIENTS=

REYNOLDS NORMA

1=-15
7.5

0 INS,

ED.VIS.
U, hEL*
0.004
0.007
6.010
0,011
6.012
0.012
0,011
0.011
0.010
0.010
0.011
0,011
0.010
0,008
0.009
0,003

0.00473
1-16
7.5

1 INS,

N.D.DIST.(X/L)=

INS, H= 1,61 REYNOLDS NO,.{(BASED ON THETA)=

ED.VIS., MIX L
UCRO=RI} DEL*
0.0004 0.09
0.06007 0.14
06,0009 0.18
0.0011 0.21
0.00117 0,22
0.0011 n.23
0.0011 0.25
0,0010 0.26
0.001%0 0.30
0.0010 0.34
0.0011 0,37
0,0010 0.39
0.0009 0.6
0.0008 0.46
00,0009 0.58
0.0003 0.43

0.

5203.2

M1

(RO=RI)

0.
0.
0.
0.
0.

0
0
0.
0
0
0

0.
0.
0.
0.
0.

VCOMPNT= 0,00074

N.D.DIST.(X/L)=

INS, H= 1,73 REYNOLDS NO,.(BASED ON THETA)=

DU/UMAX
DR
3.35%
2.376
1.932
1.773
1.736
1.72¢
1.687
1.607
1.346
1,053
N.828
0.685
0.572
0.446
0,325
0.27¢4
0.130

L STRFSS.

SHEAR

STRESS
0,0032
0.0044
n.00s52
0.0058
0.0061
00,0061
0.0059
0.0055%
0.0043
0.0032
0.0024
H.0020
0.0017
0.0013
0,0008
0.0006
0.0002

0.002967

UCOMPNT=

FD.VIS,

U.DEL*
0.003
0,006
0.009
0.011%
0.012
0.012
0.012
0.011
0.011
.010
0.010
0.010
0,010
0.010
0,008
0,007
N.0us

0,00663

ED.VIS. MIX L

UCRO-RI) DEL~*
0,0004 0.08
0.0007 0.13
6.0010 0.18
0.0012 0.29
0.0013 0.21
0,0013 0.21
0.0013 0.21
0.0012 0.22
0.0012 0.23
0.0011 0.25
06,0010 0,248
0.0010 8.30
0.0011 0.34
0.001%0 0.38
0.0009 .42
0.0008 0.43
0.0006 0.52

VCOMPNT= 0,001

0.

293

X L

009
014
018
020
021

L0723
024

025

.028
.033
.036

038
039
044
056
042

420

5638.9

M1

(RO=R1)}
0,

0,
0,
i,
0
0.
],
0
0,
0.

g,

U.
(}-

0.

0.
a.
0.

18

X L

Qu9
014
019
0ze

.23

0¢3
023

L0724

7Y
Oea
al}
083
037
0e
Y]
047
057
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TABLE AZ21-17
DPIFFUSFR NON DIMENSIONAL LENGTH = 7.5
A¥TAL DBIST, FROM INLET(X) = 3,150 INS, N.OLDIST (XFL)= 0,420
QUTER WALL BLUE POSITION

DFLTA*= 0,150 INS. H= 1,73 REYNOLDS NO,(BASFD ON THETA)= 5633.9

|

|
t
t

nIST DIST DU/UMAX SHEAR ED.VIS, ED.VIS. MIX L MIX L
RU=R RO-R1 DR STRESS W,DEL* U(RO-RI) DEL* (RO-RI) '
0,025 0.018 3.353% 0.0044 0,004 0.0005 0.09 0.010
0,050 0.037 2.376 0.0059 .008 0.0009 0.15 0,017
D075 0,055 1.932 0.0067 0,011 H.0013 6.20 0.022
N.100 0.073% 1.773 0.0071 0,013 0.0015 0.2¢2 0.025

n.,129 0.091 1.736 0.0073 0.014 0.0015 0.23 0.025
fn,150 0.%110 1.72¢4 0.0072 G.014 0.0015 0.23 0.025

0,175 0,128 1.687 0,.0070 0.014 0.0015 0.23 0,026
N,200 0,146 1.607 0.0065 0,014 0.0015 0.24 0.026
0,250 0.183 1.340 0.0052 N.013 0.0014 0.25 N,028
H.300 0.219 1.053 0.00328 0.012 0.0013 0.28 0. 030
,350 0.25%6 N.828 0.0027 0,011 Nn.001? 0,30 a.033
N.600 0.293 0.685 0.0021% 0,010 0.0011% 0.3% 0.03%
0,450 0.329 0.572 0.0017 0.010 0.0011 0.34 0.037
0,500 0.366 0,446 0.0012 0.009 0.0010 0,37 .06
0,550 0,402 0.328 0.0008 0,008 0.000R 0,40 0,044
0.600 0.439 0.274 0.0005 0.006 0,0007 0.39 0.043

h.650 0.475 0,130 0,000 0.003 h,0003 0.38 0.042
DISSIPATION COEFFICIENT= 0.003631
REYNOLDS NORMAL STRFSS, UCOMPNT= 0.00663 VCOMPNT= 0.00186
TABLE A21-138
DIFFUSER NON DIMENSTONAL LENGTH = 7.5
AXTAL DIST. FROM INLET(X) = 3,150 INS, N.D.DIST.(X/L)= 0,620
DUTER WALL OGREEN POSITION

DELTA*= 0,150 INS, H= 1,73 REYNOLDS NO,(BASED ON THETA)= 5638.9

DIST DIST DU/UMAX SHEAR ED.VIS, ED.VIS, MIX L MIX |
RO=-R RO=R1 DR STRESS U,DEL* U(RO=RI) DPEL¥ (RO=R1)
0.025 0.018 3.353 0.0037 0.004 0.000¢s 0.09 n.009
0,050 0.037 2.376 0.0051 0.007 0.0008 0.%14 0,016
0.075 0.055 1.932 0.0062 0.011 0,0012 0.19 0,021
0H.100 0.073 1.773 0.0070 0.013 0.0014 n.2¢2 D.0724
0.125 0.091 1.736 0.0073 0.014 0.0015 0.23 t,025
h.150 0.110 1.724 0.0073 0.014 0.0015 n,23 0.02h
0.175 0.128 1.687 03,0070 0.014 ,0015 0.23 B.070
0,200 0.146 1.607 3.0064 0.013 0.0015 0.23 0.026
h.250 0.183 1.346 0.0049 h.012 0.0013 0.24 0.027

0.300 0.219 1.053 0.0034 0.01 0.0012 0.26 .029
0,350 0.256 0.828 0,0024 0.010 0,001 n.28 0.031

0,400 0.293 0,685 D.001v 0,009 0.0090 n,30 0.033
0.450 0.329 0.572 0.0016 0.009 0n.0010 0.33 0,036
.500 0.366 0.646 6.00119 0.008 0.v009 0,35 0.039
0,950 0.402 0.325 6.0006 0,006 0.0007 .36 0.040
0,600 0.439 0.274 n,.0005% 0,006 0.0006 n.37 0.040
.65 0.475 0.130 0.0000 n,00 0.,a0001 0.eh 0h.neo

DISSTIPATION COFFFICIENT= 1,003406

REYNOIDS NORMAL STRESS, UCOMPNT= 0.00663  VCUMPNT= 0,00178
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TABLE AZ21=19

DIFFUSER NON NIMENSIONAL LENGTH = 7.5

AxtapL OIST, FROM ENTET(X) = 3,154 INS. N.D,DIST, (X/L)= 0,420

UUTER WALL ReD PUSTITION

BFLTA*= 0,150 INS, H= 1,73 REYNOLDS NO,(BASED ON THETA)= 5638.9
D1ST DIST DU/UMAX SHEAR ED.VIS., ED.VIS. MIX L MIX L
RO-R RO=RI1 DR STRESS U.DEL* U(RO=-RI) DEL* (RO-RIT)

0,025 0.018 3.353 0,0037 G.004 0.0004 0.08 0,009
0,050 0.037 2.376 0.0050 0.007 0,0008 0.4 0.015

0,075 0.055 1.932 0.0061 0.010 0.0012 0.19 0.021
v,100 0.073% 1.773 0,0069 0.013 0.0014 0.22 0.024
Nn,1es 0.091 1.736 H.0075 0.014 0.00%6 0.23 0.026
0.150 0,110 1.724 0.0078 0,015 0.0016 .24 0.026

W.175 1.128 1.687 0.0077 0.015 0.06017 0.25 0,027
i, 2Qu G.146 1.607 0.0073 0.015 0.0017 0.25 0.028

0,250 0,183 1,346 0.0058  0.014 0.00%6 0.27 0.029
0,300 0,219 1.053 0,004 0.013  0.0014 0.29 0.031
TR LY 0,254 0,828 0.0028 0.011 0.0012 0.30 0.033
0,404 0,293 0,685 0.0022  0.011 0,0012 0.32 0.036 |
0,450 0.329 0,572 0,0021 0,012  0,0013 n.38 G.041
0.500 0.366 0,446 0.0018 0,014 00,0015 0.45 0.050
0.550 0,602 0.325 0,0013 0.013  0,0014  0.5% 0,056
0,600 0,439 0,276 0.0007 0.008 00,0009 0.45 0,050

0,650 0.475 4.130 0.0008 0.019 0.0021 1.00 0.109
DISSIPATION COFFFICIENT= 0.003679 |
REYNUGLDS NORMAL STRESS. UCOMPNT= D,00676 VCOMPN}= 0.00399

TABLE A21-20
DIFFUSER NON DIMENSIONAL LENGYH = 7.5

AXTAL DIST, FROM INLETC(X) = &4.100 INS. N.D.DIST,(X/L)= 0.547

QUTER WALL BLUE POSITION
DELTA*= {,191 INS, H= 1,88 REYNOLDS NO,(BASED ON THETA)= 6244.4

DIST DIST DU/UMAX SHEAR ED.VIS, ED,VIS. MIX L MIX L
RO-R RO=R1 DR STRESS U.PEL* U(RO=-RI) DEL~* (RO=RID
9,025 0.017 3.429 0,.0028 0.002 0.0003 0.06 0,007
0.050 0.034 2,212 0.0038 0.005 0.0004 0.10 0.013

0,075 0.051 1.706 0.0047 0.007 0.0009 0.15 0.019
0.100 0,068 1.564 0.0054 H.009 0.0012 0.17 0.022
n.150 9,101 1.610 0.0065 0.011 0.0014 0.19 0.024
f.200 0.135 1.58R8 0.0049 0,011 0.0015 0.19 0.025
0,250 0,169 1.418 0.0065 0.012 0.0015 0.21 0.027
0.300 0,203 1.209 0.0056 0.012 0.0016 0.23 0.030
0,350 0,237 1.039 0.00&4 0.011 0.00%4 0.24 0.031

0.40Y V.271 0.911 0.0034 0.010 t.0013 0.24 0.031
1,450 0.304 0.786 0.0026 0.009 0.0011 0.24 0.031
0,500 0,338 U, 641 0.0021 0.00%9 0.0011 0.27 0.034
h.550 0,372 0.497 0.0017 0.009 0.0011 0.30 0.039

i, ket b e e s i e e i et itk o e — an o mam

h.600 0,406 0,404 0.0012 0.008 0.0010 0.32 0.041
0,651 0.440 0.369 0.0008 0.006 0.0007 0.28 0.037
0,700 0.474 D.256 0.0006 0.006 0.0008 0.35 0.045

n,75u 0.507 0.023 0,000 0.017 0.0021 1.93 0,249
DISSIPATION COEFFICIENT= 0.003586

REYNOLDS NORMAL STRESS, UCOMPRNT= 0,.00800 VCOMPNT= 0,.00169
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TABLE A21-21
AXTAL DIST. FROM INLET(X) = 5,050 INS. N.D.DIST.(X/L)= 0.673
OUTER WALL BLUE POSITION

DELTA*= 0.224 INS, H= 1,97 REYNOLDS NO.(BASED ON THETA)= 6778.1

nIsT DIST DU/UMAX SHEAR ED.VIS, ED.VIS. MIX L MIX L
RO-R RO-RT DR STRESS U.DEL* U(RO=-RI) DEL* {RO=R1)
0.025 0.014 3.700 N.0024 0.001 0.0002 0.04 0,006
0,050 0,031 1.989 0.0033 0.004 0.0005 0.09 0.013
0,075 0.047 1.246 0,00a2 0.007 0,001 0.16 0.023
2.100 0.063 1.048 0.0050 0.011 t.0015 0.21 0,030
0,150 0.094 1.255 0.0066 0.012 0.0017 0.20 0,029
0,200 0,125 1,452 0.0078 0.012 0.0017 0.19 0.027
0,259 0.157 1.400 0.0082 0,013 0,0018 0.20 0.029
0,300 0.189 1.225 0,0077 .04 0.0020 0.23 0.032
0,350 0.220 1.094 0.0066 0,014 0.0019 0.23 0.033
0.400 0.252 1.066 0.005%4 .01 0.0016 06.22 0.031
0.450 0,283 1.074 0.0043 0.009 n.001?2 0.19 0.027 .
0,500 0.315 1,001 0.0034 0h.008 0.0011 0.18 0.026
h,550 0.346 n.780 G.0028 0.008 0,001 0.21 0.0350
0.600 0.378 0.6472 0.0021 0.010 0.001s 0.31 0.043
1,650 0.409 0.263 0.00%4 0.012 0.0016 0.46 0,063
0.700 0.441 0.188 0.0006 0,008 0,001 D.42 0.060
0.754 0.472 0.113 0.0003 (r.005 0.0007 0.45 0,063
n,800 0,503 0,038 0.0004 0h.022 06.0031 1.61 0,278

DISSIPATION COFFFICIENT= 0,004092

RFYNOLDS NORMAL STRFSS. UCOMPNT= 0,01063 VCOMPNT= 0,.00233
TABLE A21-2¢

DIFFUSER NON DIMENSTONAL LENGTH = 7.5

AXTAL DIST., FROM INLET(X) = 6,000 INS. N.D.DIST.(X/L)= 0,300

DUTER wWALL BLUE POSITION

DELTA*= 0,279 INS, H= 2,13 REYNOLDS NO.(BASED ON THETA)}= 7522.8

DIST DIST DU/UMAX SHEAR ED.VIS, ED,VIS, MIX L MIX L
RO-R RO=RI DR STRESS U.DEL* U(RO~RIl) DEL* (RO=RI)
n,o2s 0.0195 2,895 0.0015 0.001 0,0002 0.03 0,006
0,050 0.029 1.755 0.002% 0.002 0.0004 0.07 0.011
0.100 0.0%9 0,954 0,0041 0.008 0.0013 0.17 0.u28.
h.150 0,084 n.982 0.0057 0.010 6,007 0.19 0,132
n.200 0.118 1.15%1 0.0069 0.v11 G.001K 0.1¢8 0,030
0.250 0,147 1.232 0.0078 0,011 0.001v 0.8 H,0309
0,300 0,176 1.217 0.0083 0.012 0.0020 N.19 0.331
t,350 0.206 1,167 0.0086 0.013 00,0022 0,20 0.0%35
thy &0 0,235 1.129 0.0085 0,074 0.0n22 .21 0,044
fH,450 U.265 1.1 H,0079 0, 01% 0.0021 H,20 B.0O%%
h,%00 [P A 1.0864 00,0069 0,011 0.001v Hn.19 h,as¢
n,5%50 N.,3¢4 1.014 0,00%46 0,010 G 0014 HD.14 0.0930
a4, 600 1}, 453 H,RZ2¢ 0,0087 0,008 0.u013 0,14 0,09
0, 65U 0. 38/ 0,677 V., 0027 0,006 a.oaty D.18 U.0ey
N,700 .41 0,480 0.001¢ 0,006 0.u007 N.1R 0.030
h.750 0,441 0.549 3.0008 .004 0.0006& 0.20 ,033%
H, 800 0,471 3.314 0.0007 ,004 0.0007 0,22 h.036
0,850 0.500 0.273 0,000° 0.002 00,0003 0.%4 0.0253

DISSTIPATION COEFFICIENT= 0,004542

REYNOLDS NORMAL STRFSS. UCOMPNT= 0.01253 VCOMPNTEZ 0.00176




TARL- A21-=723

NTFFUSFF NON DIMENSTONAL LENGTH = 7.5

AXTAL DIST. FROM INLEYC(X) = 7.350 INS, N.D.DIST.(X/1L)=x 0,980
OUTER WALL BLUE POSITION

DELTA*= 0,358 INS. #= 2,35 REYNOLDS NO.(BASED ON THETA)= B8226.7
nIST DIST DU/UMAX SHEAR ED.VIS, ED.VIS. MIX t MIX L
RO~R RO=RI DR STRESS U.DEL* U(RQO-RI) DEL* {RO=R1)
1.050 g.n27 1.355 f.0028 0.003 0.0006 0.08 0.015
D,100 0.054 0.843 0.N0U4S 0.007 t.0014 0.16 0,030
0,150 0.081 0.801 3.0059 0.010 0.0020 0.19 0,037
0,200 0.1048 0.890 n,. 0072 n.011 0.0022 0.19 0.034
0.250 0.135 0,977 0.0084 0.012 0.0023 0.19 $.036
0.300 t.1061 1.035 0,.0094 0.013 g.0025 0.19 0.036
n,.400 0.7215 1.103 0.0107 .014 0.0026 06.19 0.036
0.500 0.269 1.106 0.07104 0.013 8.0025 0.18 0.035
1,600 0,323 0.929 H.0090 0.0%3 .0026 0.20 0.039
1,700 0.377 H,696 N 00KE h.01¢& 6.0026 .23 N.086%
0,800 0.431 0.792 0.0036 0,006 0.0012 0.15 0.0729
0,200 0,484 0.529 0.0012 h,003 0.0006 0.13 0,025

DISSIPATION COEFFICIENT= 0.006149

RFYNOLDS NORMAL STRFSS. UCOMPNT= 0,01747 VCOMPNT= 0,00407

TABLE AZ21-24

DIFFUSER NON DIMENSTONAL LENGTH = 7.5

AXTAL DIST. FROM INIET(X) = 7.350 INS. N.DLDIST.{X/L)= 0,980

OUTER WALL BLUE POSITION

DFLTA%x= 0,358 INS. H= 2.35 REYNOLPS NO.(BASED ON THETA)= B8226.7
DIST DIST DU/UMAX SHEAR ED.VIS, ED.VIS. MIX L MIX L
RO-R RO=R1 PR STRESS U.DEL* UCRU=RI) DEL* (RO=-R1)
0,050 0,027 1.355 0.0024 0.002 0,000% 0.07 0,014
71,100 0.054 0.843 0.0043 0,007 0.0014 0.15 0.030
0.150 0.081 0.801 0.0061 0.0M11 0.0020 0.19 0.037
0.200 0.108 V.890 0.0076 0.012 0.0023 6.19 0,037
0.250 0.135 0,977 0.0089 0,013 6.002¢4 0.19 0,037
0.300 0.161 1.035 0,0099 0.013 0.0026 4.19 0,037
0,400 0.21% 1.103 0.0111 0.014 0.0027 .19 t.n36
H.500 0.269 1.104 0.0108 0.01¢ 0.00264 6.19 0.03%6
0.600 0.323 0.929 0,0083 0.013 0.0025 0,20 0.038
0.700 0,377 0.696 0.0060 0.012 0.0023 n.22 n,0e2
N.ROO 0.43% 0,792 0.0032 0.006 ¢.0011 0.14 0.027
1,900 0.48¢4 0.529 0.0012 0,003 0.0006 N.13 0.025

DISSIPATION COFFFICIENT= 0.006163

RFYNOLDS NORMAL STRFSS. UCOMPNT= 0.01747 VCOMPNT= 0.00369

547
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TABLE A21-25

DIFFUSER NON DIMENSTONAL LENGTH = 7.5

AXlaL DIST, FROM INLET(x) = 7.350 INS. N.D.OIST.(X/LY= D.980

DUTER WALL GRFEN POSITION

DELTA*= 0,358 INS., H= 2.35 REYNOLDS NO., (BASED ON THETA)= 8226.7
PIST DEST  DU/UMAX SHEAR  ED.VIS., ED.VIS. MIx MIX L
RO=R RO=-K] DR STRESS U.DEL* U(RO-RI) DEL*  (RO-RI)
n.050 0,027  1.355  0.0U26  0.003  0.0005 0.067 0.014
N.100 0.054  0.R43  9.0035  0.00A  0.001%  0.14 0.077
A.150  0.081 0.R01  0.0049  0.008  0.0016 0.17 0,033
0,200 0.108 0,890  0.0067  0.011  0.0020  0.18 0.035
0.250  0.135  0.977 0.0088  0.913  0.0024  0.19 0.036
6.500  0.16%  1.035  0.0105  0.0164  0.0027 0,20 0.03%
0.400 9.21%  1.103  0.0121  0.015  0.0030  0.20 0.03%8
0,500 0.269  1.106  v.0115  9.015  0.0028  0.19 H.037
0,600 0,323  0.929  u.0T95  0.u14  0.0027  0.219 0.040
N.700  0.377  0.696 0.0066 0.013  0.0026 0.23 0.045
DLROU 0,431 0,792  0.00%7  0.007  0.0013  0.15 0.029
N.900  0.484  0.529  0,0021 0.006  0.0011  0.17 0,033
DISSIPATION C(OFFFICIENT= 0.006515

REYNOLDS NORMAL STRFSS. UCOMPNT= 0,01747 VCOMPNT= (0,00832

TABLE A21-26
DIFFUSER NON DIMENSTIONAL LENGTH = 7.5
AXI1AL DIST, FROM INLET(X) = 7.350 INS., N.D,DIST.{X/L)= 0,980

OHTER WALL RED POSITION

DELTA*= 0,35K INS, H= 2,35 PEYNOLDS NO.(BASED ON THETA)= R226.7

D1ST DIST DUJUMAX  SHEAR. ED.VIS., ED.VIS., MIX L MIK L
RO-R RO-R1 PR STRESS U.DEL* H(RO-RIY DEI* (RO=RY) !
G,050 0,027 1.359% ,0025 V.u03 0.0005 0,07 0.0%1¢
4,100 0.054 1,843 0,0048 0,008K N,.0045 0.16 0.03%
n,150 0.081 0,801 0.0065 0.011 0.0022 0,20 0.038
0,200 0,108 0.890 Q.0077¢ 0.012 H.0023 06.19 0.038
0,250 9.135 4.977 0., 0087 0.012 n,on2s 0,19 h.036
0,300 0.161 1.035 0.0006 .03 0.0025 0.19 C0.036
0,400 0,215 1.103% ¢.010Y 0.014 0.0027 0.19 0.036
1,500 0,269 1.104 0.0106 0.013 N.o026 0.18 .35
0,600 0.323 1,929 10,0090 0,013 0.0026 0.290 r.039
¢.700 0,377 U.696 0.0072 h.uta 0.0028 0.24 .0k
g.800 9, 431 0,792 0.0040 h.on7 0,0013 0.16 n.n30
0,900 0,484 0.529 ¢,.0009 0.002 0.0005 0.11 022
DISSIPATION COLFFICIENT= 9,.006277 }
REYNOLDS NORMAL STRFSS., UCOMPNT= 0,01747 VCOMPNT= 0,00558




DIFFUSER NON

549

TABLE A2

DIMESNSTOMAL LENGTH =

AXIAL DISTANCE FROM QUTLET= 3,75

INNER WALL

DELTAX=

PDIST

P=R1

H,02%
0,050
0.100
0,200
0,300
N4yl
7,500
n, 600
n,7u0
n,8600
N.R50

DISSTIPATION COFFFICIENT=

BLUE POSITION

0.245

DIST
RO-R1

u.
i,
0.
0.
0.
J.
0.
0.
0.
0.
0.

013
027
053
107
160
213
ot
320
373
Lev?
453

DI}/ UMAX
DR
;,982
1.824
D,446
0h,R47
H.718
H.55%
D.810
n,812
h,44¢
0.536
N,416

REYNOLRPS NORMAL STRESS,.

SHEAR

STRESS
0.0031
00,0038
0,004K
0.0068
0,0081
0.0084
0,0081%
J,0069
0,0045
0,.0023
Hn,0013

H,004035
UCOMPNT=

TABLE A2

DIFFUSER NON DIMENSIONAL LENGTH =

AXTAL DPISTANCF FROM QUTLET= 7.50

INNER WALL

GREEN POSITION

PELTA»z 0,191

NIST

NISTYT

R=R1

.02y
0,050
0.100
0,150
n, 200
0.250
0,301
n,350
J.400
0,450
0,500
0,5%%0
1,60

BISSIPATION LOFFFICIENT=

ACYNULDS NORMAL

BIST
pIST
RO=RI

1},

0

Y
U

073

027
.
0.

053
081

LA07
133
0.
0.
0.
9,
0.
0,
0.

160
147
213
2440
267
293
320

pu/umax
DU/UMAX
DR

2.697
2.095
1.2¢28
$.721
N.476
1,406
N.b4?
v,523%
0,604
0.659
0.663%
1,613
h.52¢0

STRESS.

SHEAR

SHEAR

STRESS
0.003%1%
0.0035
0.004¢6
0,005
0.005%6
§,0060
0.0060
0,0059
00,0055
0,0049
0.0040
0,0027
0.0009

3.00214¢4

UCOMPNT=

1-27
7.5

INS.,

ED.VIS,
U.NEL*
Luie
L004
L.022
016
L0273
L0731
L20
017
L021
. 009
L0086

DO OO oD oo

0, 01234
1-28
7.5

INS.

ED.VIS,
ED.VIS,
U.DEL~*

0.003

.00

0.009

0,018

0.031

0.038

0.036

0.030

0.024

0.020

0.016

0.011

0.004

0,0075¢

(1 HYDRAULIC DIAMETER)

INS, H= 1,62 REYNOLDPS NO,(BASED ON THETA)=

7629.6

ED.VEIS. MIX L MIX L
U(RDO-R1) DEL* (RO=R1)
¢.0002 0.04 0,005

¢k.0006 0.10 0.013

0.0029 0,45 0,059

0.0021 0.28 06.037

0.0030 0.36 0.048

0.0041 0,48 0.u63

0.0027 .32 0.042

0.0023 0.30 0,039

0.0027 0,44 0.057

0.0011 0.26 0.034

0.0008 0.25 0.03%2

VCOMPNT= 0.00410

(2 HYDRAULIC DIAMETERS)

INS, H= 1.45 REYNOLPS NO,.{(BASED ON THETA)=

ED.VIS. MIX L
ED.VIS. MIX L
UCRO=RJ) DEL»

0.0003 0.08
0,.00064 0.10
0.0009 0.20
0.00%9 0,37
0,0n32 0.5%38
0,0039 0.70
0.0037 H.65
0.0030 0.5%¢&
00,0024 0,45
0.0020 0,39
N. 0016 0,35
G.0012 0.3
00,0004 0,21
VCOMPAT= 0,09

5674.5

MIX L
MIX L
(RO=-RI1)
0.00k
{4,011
0.020
0.037
0,059
0.07¢
d.066
,05%
0,046
0. 040
0.036
0.032
0.021

$84
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TABLE A21-29
DIFFUSER NON DIMENSIONAL LENGTH = 7.9
AXIAL DISTANCE FROM OUTLET= 11.25 INS. (3 HYDRAULIC DIAMETERS) :
INNFR WALL RED POSITION

DELTA*= 0.129 INS. H= 1,32 REYNOLDS NO. (BASED ON THETA)= L065.9

AEST 01ST  DU/UMAX SHEAR  FD.VIS. ED.VIS. MIX 'L MIX L
2=R1 RO=-R1 DR STRESS U.DEL* U(RO=R1) DEL* (PO=P1)
0,025 0.013  &.755 0.0023  0.002 0.0001 0.06 0.004
N b0 0,027 2.455  0.0026 0,004 0.0003  0.11 n,008
Y100 9.05%5 0,658  0.0039  0.023 0.0016 0.52 0.036
V200 0,107 0.563  0,0051  0.037 0.0025 0,72 0.050
ho3p0 0.160 4.4l 0.0061 0,053 0.0037 0.97 0.067
ho406 0,213 0.369  0.0058  0.061 0.0042 1.13 0.078
nL5400 0.267 0,503 0.0054 0,042 0.0029 0.80 n.055
0600 0.320 0,358  0.0063 0,047 6.0032 1.01 0.069
h.70u  0.37% 0,231 0.0024 0,040 0.0027 1.16 0.0K0 1
DISSIPATION COEFFICIENT= 0.,00343% :
REYNOLDS NORMAL STRESS. UCOMPNT= 0.01026 VCOMPNT= 0.00608

TABLE A21-30
DIFFUSER NUN DIMENSIONAL LENGTH = 7.5
AX1AL DISTANCE FROM QUTLET= 3.75 INS. (1 HYDRAULIC DIAMETER) !
ONTER WALL BLUF POSITION
DELTA*= 0,258 INS. H= 1.71 REYNOLDS NO.(BASED ON THETA)= 7579.5

nLSY PIST puUfUMAX SHEAR ED.VIS. ED.VIS, MIX L MIX L

rO=-R RO=RI DR STRESS U.DEL* U(RO-RI) DEL™ (RO=-R1)
0,050 0.027 1.440 0.0041 0.005 0.0007 0.12 0.017 ¢
0,100 0.0n53 h, 483 0.0061 0,025 0.0034 0,64 0,061
0.190 0.080 0.4%0 0.00729 0.037 0.0051 0.59 0.082
n,200 .107 h.570 0.0094 0,032 0.0044 0,47 6,064 -
N.250 0,133 0.693 60,0108 0.030 0.0041 n.41 0.056
n,300 0.160 0.723% 0.0119 0.032 0.0044 0.41 0.057 ,
AT 0.213% 0.680 0.0134 0.038 0.0052 .47 0.066
n,500 0.267 0,752 06,0134 0.035 0.0048 0,42 0.0538 "
n.s00 0.320 0,840 06,0122 0.028 0.0039 0.386 0,050
0. 700 0,373 0.715 3.0097 0.026 0.0036 0.38 0.052,
gL 800 0,627 .509 46,0060 0,023 0.0032 0,42 0.058,
B.oun 0,480 n,281 00,0025 0,017 0.0023 0.48 0.067
DISSTIPATION LOEFFICIENT= 0.006174

REYNOLDS NORMAL STRESS. UCOMPNI= §.01850 VCOMPNT= 0.00594

¥
&
'
!
I
1
i
i
|
1
i
1
i
1
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TABLE AZ

DYTFFUSER NON DIMENSIONAL LENGTH =

AXIAL DISTANCE FROM QUTLFT= 7,50

QUTrR WALL
DFLTA*=
vIST DIST
RO=R RO=RI
0.050 0.0e7
d.100 0.05%
H.,150 0,080
0.200 0,147
9,300 U.160
.400 9.213
0,500 1,267
D.600 0.320
0,700 0.373%
N,800 0.427
0.900 0,480

DISSIPATION COEFFICIENT=

DU/UMAX
DR
1,497
0.72¢2
N.4a93
V,468
N,499
.503
4,554
0,600
0,538
3,402
H.124

REYNOLDS NORMAL STRESS.

GRFEN POSEITION
0,193 INS, H= 1,47 REYNOLDS NO,(BASFD ON THETA)=

SHEAR
STRESS
0.0042
0.0U0s2
00,0079
0.0095
0.0126
0.0163
0.0204
0.0233
0.0244
0,.0233
44,0204
0.007771

TABLE A2

DTFFUSERP NON DIMENSTIONAL LFNGTH =

AX1AL DISTANCE FROM OUTLET= 11.25

QUTER WALL
DELTA*=
NIST NIST
RU=R R{}=R1{
0,050 0.027
9,100 0.053
0.150 0,084
.200 0.107
0.300 0.160
.400 0.213
N.500 0.267
0.600 0.320
0,700 0.373
0,800 0.427

DISSIPATION COEFFICIENT=

REDP POSTTION
0.126 INS, H= 1,28 REYNOLDS NO.(BASED ON THETA)=

DU/UMAX
DR
1,895
0,870
0.518
0,630
(,384
0.305
0,275
0.214
D.154
0,094

REYNGLDS NORMAL STRESS,

SHEAR
STRESS
0.0038
0.0047
06.005&
0.0069
0.0088
0.0103
0.0167
0.0101
¢.0089
0.0072
0,002583

UCOMPNT= 0,01902

1-31
7.5

INS.

ED.VIS,

U.DEL*
0.007
0.02?7
0.042
0.052
0.065
0.048¢6
0.095
G101
0.117
0.150
0.427

UCOMPNT= 0,02600

1=-32
7.5

INS.

ED.VIS,

U.DEL*
0.008
0.021
0.044
0.063
0.091
0.133
0.154
0.187
0.230
0.306

(2 HYDRAULIC DIAMETERS)

ED.VIS. MIX L
UCRO=RT) DEL*
0.0008 0.16
0.0023 0,40
0,0063 0.66
0.0054 0.76
0.0067 0.82
0.0087 0.93
0.0098 N,94
0.0104 0,93
0.0121 1.06
0,0155 1.39
0.06440 4.23

5974.5
MIX L
{RO-RI)
0,016
0,041
0.068
0,078
0.085
0.096
0.097
0.096
3.109
0.143%
0.436

VCOMPNT= (.01402

(3 HYDRAULIC DTIAMETERS)

ED,.VIS. MIX L
U(RO=RI) DEL~*
0.0005 0.18
0.0014 0.44
0.0030 0.82
0.0043 1.08
0.0061 1.37
0.0090 1.86
04,0104 2.1
0.0126 2.63
0.0154 3.464
0.0205 5.09

L4107 .4
MIX L
(RO=KI1)
0.012
0.030
0.055
0.073
0.09°2
0.125
0.16462
0.177
0.231
0,362

VCOMPNT= 0,00885

e e e —————
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Appendix 22

Turbulence Analysis

L45R1 = 10 Diffuser
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TABLE A2Z2-1
DEFFUSER NON DIMENSIONAL LENGTH = 10,0
AXTAL DIST. FROM INLET(X) = «3,000 INS,.

INNER WALL BLUE POSITION

DELTAx= 0.050 INS, H= 1,28 REYNOLDS NO,(BASED ON THETA)=

DIST DIST DU/UMAX SHEAR ED.VIS.
R=RI RO=kI DR STRESS U,.DEL%*
1,030 0.030 L,675 2.0625 0,005
N.060 0,040 3.28¢ 00,0024 0.007
0.09¢ 0,090 1.250 0,0025 0.020
0.140 0.140 1.041 00,0023 3,022
0,190 0.190 N,.b44 Nn,0019 0.029
N.240 0.240 }.492 0.0016 0.032
N.290 0.7990 t, 491 ¢,.6013 0.026
4,340 .340 0,285 0,0009 0.030
0,390 0.3990 0,149 80,0005 0.034

DISSIPATION COBFFICIENT= 0,001432

REYNOLDS NORMAL STRESS. UCOMPNT= 0,00142

TABLE A22-2
DIFFUSER NON DIMENSIONAL LENGTH = 10,0
AXTAL DIST. FROM INLET(X) = 1.000 INS,

INNER WALL BLUE POSITION

PELTA*= 0.073 INS, H= 1,32 REYNOLDS NO.(BASFD ON THETA)=

DIST DIST DU/UMAX SHFAR ED.VIS.
R=RI RO=-K1 DR STRESS U.DEL~
0,025 0.023 3.676 0.003%7 0.007
#.,050 D.046 2.604 0.0034 0.009
0,100 9,092 1.387 0.0028 0.014
0,150 0.1353 1.906 0.,0027 0.021
0,200 0.184 0,725 0.0024 0.023
0.250 0.2390 0,616 0.0018 0,020
0.300 0.274 0.514 N.0013 0.017
3.350 9,322 ).435 0.0010 0,016
0.400 0.368 0,380 0.0008 0.014
0.450 0.414 0,296 0,0005 0.011
0.500 0.460 0,167 0.00G01 0.006

DISSIPATION COEFFICIENT= 0,001411

REYNOLDS NORMAL STRESS, UCOMPNT= 0,00215%

N.D,DIST.(X/L}==0,300

ED.VIS.

U(RO-RI)
0,0003
0.0004
0.0010
0.0011
06.0015
0.0016
0.0013
0.0015
0.0017

MIX L
DEL*
0.15
0.21
0,57
0.65
n,95
1.14
1.02
1.46
2.14

3285.1

MEX L
(RO=RI)
0.008
0D.011
3.029
0.033
N, 048
0.057
0.051
n.073
0,107

VCOMPNT= 0,00085

N.D.DIST.(X/L)= 0.1400
3794.3
FD.VIS. MIX L MIX L
UCRO=RI) DEL* (RO=~RI)
0.0005 0.16 0.011
0.0006 0.22 0.015%
0.0009 0.37 0.025
0.0014 0.56 0.638
0.0015 0.66 0,044
0.0014 0.67 0.045
0.0011 0.67 0,045
0.0011 0.70 0,047
0.0009 0.71 0.048
0.0007 H.70 0,047
0.0004 0.68 0.046
VCOMPNT= 0,00100
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TARLE AP/~
DIFFUSEP NON DIMENSTONAL LFENGTH = 10,0
AXIAL DPIST. FROM INLET(X) = 2,250 INS. H.DL,DIST. {X/LY= 0,225
INNER WALL BLUE POSITION

PELTA*x= 0,092 INS. H= 1.43 REYNOLDS NO.(BASED ON THETA)= 4602.4

DIST DIST DU/UMAX SHEAR ED.VIS. ED.VIS, MIX L MIX L
R-R1 RO=RI DR STRESS U.DEL* U(RO=RI) DEL* (RO=RI:
0.025 0.021 4,921 0.0038 0.004 0.0003 0.10 p.o007
0,050 0.042 2.908 0.0037 0.007 0.0005 0.16 0.012
0.100 0.084 1,493 0,0030 0.011 0.0008 0D.28 0.022
1,150 0.125 1.210 3.0026 0.012 0.0009 0.33 0.025
0,200 0.167 1.007 0.0024 0,013 0.0010 0.38 0.029
0,254 0,209 0.767 n.0021 0,015 0.0011 .46 0.035
0,300 0.251 .594 0.0017 0,014 0.0012 0.54 0.042
1,350 0.292 0.509 0.0014 0.015 0.0012 0.57 0.044
0,400 0.334 h,a34 0.0011 0.014 0.00119 0.59 0.045
0.450 0.376 0,307 0.0008 0.013 0.0010 0.69 0.053
0,500 0.418 0,185 0.0005 0.015 0.0012 D.94 0.072
0,550 0,459 0.082 00,0003 0.019 0.0015 1.60 0.123
DISSIPATION COFFFICIENT= 0,001857
REYNOLDS NORMAL STRESS. UCOMPNT= 0.00319 VCOMPNT= 0.00129
TABLE AZ22-4
DIFFUSER NON DIMENSIONAL LENGTH = 10,0
AXIAL DIST, FROM INLET(X) = 3,250 INS, N.D.DIST,.(X/L)= 0,325

INNER WALL BLUE POSITION

DELTA== 0,109 INS., H= 1,46 REYNOLDS NO.(BASED ON THFTA)= 4490.7

DIST DIST DUJUMAX SHEAR ED.VIS. ED,.VIS, MIX L MIX L
R=R1 RO=-R1 DR STRESS U.DEL* U(RO=RI) DEL* (RO-R1)
0.025 0.019 3.746 0.0034 0.004 0.0004 0.10 0.009
n.054 0,039 2.536 0.0044 0.008& 0.0007 0.17 0.014
0,100 0,078 1.506 0.0053 0.016 0.001¢4 0.31 0.027

0.150 0.117 1.225% 0.0049 0.018 0.0016 0.37 0.031
0.200 0.156 1.086 0.0040 0.017 0.0014 0.38 0.032

0,250 0.195 0.929 3.0032 0,016 0.0013 h.40 0.034
0.300 0.234 0.765 0.0028 0.0%7 0.0014 0h.45 0.038
#.350 2.273 0,632 G.0025 0.018 0.0016 0.52 0.044
0,400 0,312 0,538 0.0021 0.018 0.0015 0,56 0.047
0,450 1,350 1,453 0.0016 0.016 0.00%4 0.58 0.049
0,500 0.3b9 0,343 0.0012 0.015 0.0013 0.64 0.054
0,550 0,428 0,202 ¢.0008 ¢.019 0.0014 0.93 0.079
0.5600 0.467 3.018 0.00006 0.139 0.0118 8,33 0.707

DISSTPATION COEFFICIENT= 0,002282

REYNOLDS NORMAL STRFESS., UCOMPNT= (.00421 VCOMPNT= 0,0023¢4
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TARLE A22-5
DIFFUSEP NON DIMENSIONAL LFNGTH = 10,0
AXTAL DIST, FROM INLET(X) = 4,250 INS, N.D.DIST.(X/L)= 0.425
INNFR WALL BLUE POSITION

DELTA*= 0,137 INS, H= 1,52 REYNOLDS NO.(BASED ON THETA)= L4919 .8

NIsT DIST DU/UMAX  SHEAR ED.VIS, ED.VIS. MIX L MIX L
R=R1 RO=-RI DR STRESS U.DELv U(RO=RI1) DELw (RO-RI)
0,050 0.03%6 F.632 0.0049 0.008 0.0007 0.15 G.015
100 0.073 1.434 0.0063 r.017 0.0M6 0.30 0.024
0.150 0.109 1.207 0,0061 0.019 0.0018 0.35 0.033
1,200 0.146 1.119 ¢,0052 0.018 0,007 0.35 0.033
l.250 0.182 1.000 0.0043 0.016 0.00%6 0.35 0.034
h,300 0.21v d,864 0.0037 0.016 0.0015 0,38 0,036
. 5350 0.255 0,749 n,0032 0.016 D.0016 0,40 0,039

0,400 0,292 9,658 0.0027 0.016 0.0015 0.42 0.041
0.450 H.3238 0.561 6.0021 0.014 0.0014 0.44 0.042
D.500 0.364 h,436 N.0015 0.013 0.0013 0.48 U.047
n,550 0.401 0,303 G.0011 0.013 0.0013 0.58 0.0%6
0.600 0.437 0.212 6,0007 0.013 0.0012 .67 0.064
0,659 0.474 3.049 0.0003 0.026 0.0025% 1.99 0.191
DISSIPATION COFFFICIENT= 0.002755
REYNOLDS NURMAL STRESS. UCOMPNT= 0,00544 VCOMPNT= 0,00235
TABLE A22=6
DIFFUSER NON DIMENSIONAL LENGTK = 10.0
AXTAL DIST. FROM INLET(X) = 4,250 JNS. ND,DISTL(X/L)Y= 0,425
INNER WALL GREEN POSITION

DELTA*= 0,132 INS. H= 1,52 REYNOLDS NO,(BASED ON THETA)= 4919.8

NIST DIST DU/UMAX SHEAR ED.VIS. ED.VIS, MIX L MIX L
R=R1 RC-RI Dr STRFSS U,DELx U(RO=RI) DEL* (RO=-RI)
0,059 0.036 2,432 0.0054 0.008 0.0008 0.16 0.016
h.100 0.073 1.4636 11,0066 0.017 0.0017 0.30 0,029

h,150 0.109 1.207 0.0069 0.022 0.0021 0.37 0.035
D,20u 0.146 1.119 0.0065 g.022 0.0021 0.39 0.037

0,259 0.182 1.000 0.0057 0.022 0.0021 0.40 0,039
0,300 0.219 0,864 0.0048 0.021 0.0020 0.43 0.0461
.35n0 0,255 0,749 0,0039 0.020 0.001¢ 0,45 0.043
0,400 0,292 }.658 0.0033 0.019 0.0018 0.46 0.045
fh, 450 0.328 h.561 0.0027 0.019 0,008 0.50 0.044
0,500 0.364 0.436 6G.0023 0.020 0.0019 0.59 0,057
0,550 0.401 0.303 0.0018 0.023 h.0022 0.76 0.073
N,600 0.457 h,21¢ 0.0014 0.024 0.0023 0.93 .0e0
B.650 0,474 0,049 0,0009 0.071 0.0069 3.32 0,320

DISSIPATION COEFFICIENT= 0,003203

REYNOLDS NORMAL STRFSS. UCOMPNT= 0,00544 VCOMPNT= 1).00422
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TABLE A22-7
DIFFUSEFP NON DIMENSIONAL LENGTH = 10,0
AXTAL DIST. FROM INLET(X) = 4,250 INS, N.D.DIST.(X/L)= 0,425
INNFR WALL RED POSITION
DELTA*= 0,732 INS. H= 1.52 REYNOLDS NO.(BASED ON THETA)= 4919.3

DIST DIST DU/UMAX SHEAR ED.VIS. ED.VIS., MIX L MIX L
R=R1 RO=KI bR STRESS U,DEL* U(RO«R1) DEL* (RO-RI)
0,050 0.036 2.432 0.0058 0.009 0.0009 0.7 0.016
1,190 0.073 1.436 0.0072 0.019 0.0018 0.32 0.030
150 0.109 1.207 0.0073 0.023 0.0022 0.38 0.037
N.200 0.1464 1.11¢ 1.0068 0.023 0.0022 0.40 0.038
0.250 U.182 1.000 0.0060 0.023 0.0022 0.42 0.040

0,300 0.219 H.B64 (i.09052 0.023 0.0022 0.45 0.0453
ty 350 0.755 0,749 0.0043 0.022 0.0021 0,47 0.045
N,e0U 0.292 0,658 0.0035 0.020 G.0020 0.48 0,047
0,450 0.328 0.561 0,0028 0.019 0.0018 n.51 0,049
1,500 0.364 0.4636 0,0022 0.019 0.0019 0.58 0.056

h.550 0.401 0,303 0,0017 0.021 0.0020 0.7¢ 0.070
n.600 0.437 0,212 0.0012 0.022 0,002 0.88 0.085
0,650 0.474 0,049 0.0009 0,066 0.0063 3.19 0,307
DISSIPATION COFFFICIENT= 0.003404

REYNOLDS NORMAL STRESS. UCOMPNT= 0,00544 VCOMPNT= 0,00484

TABLE A22-8
DIFFUSER NON DIMENSTONAL LENGTH = 10.0
AXTAL DIST, FROM INLET(X) = 5,450 INS, N.D.DIST.(X/L)= 0.545

INNER WALL BLUE POSITION

DELTA*= 0.158 INS, H= 1,54 REYNOLDS NO,(BASED ON THETA)= 5677.9

DIST DIST DU/UMAX SHEAR ED.VIS, ED.VIS. MIX L MEX 1
R=R1] RO=R1 DR STRESS WU.DEL* U(RO~RI) DEL* (RO=RI1)
0,050 0.034 1.922 0.0043 g.007 0.0008 0.15 N,016
.100 0.0638 1.247 0.0057 0.014 0.0015 0.27 0,029
0.150 0.1u2 1.160 0.0063 0.017 0.0018 0.31 0.033
0.200 0,135 1.134 0.0062 0.017 0.0019 n.31 0.033
0.250 0.169 1.059 0.0058 0.017 0.0018 0.32 0.034

n.300 0,203 0.967 0.0051 0.017 0.0018 0.33 0.035
0.350 0.237 0.889 0,0043 0.015 0.0016 .33 0.035
0,400 0.271 G.818 0.0035 0.074 0.0015 0.32 0.035
n,45n 0.305 0.722 0.0028 0.012 0.0013 0.33 0.035%
V.500 0.339 H.585 0.0021 0.01 0.0012 0.35 0.038
Jv.250 0.372 0.4640 0.0016 0.0 0.0012 0.40 0.043
n.600 0,406 h.338 0,00%2 0.0%1 0.0012 0,45 0.048
.650 0.440 V.229 0.0008 0.010 0.0011 0.54 0.058
0,700 0.474 0.021 00,0002 0.02¢8 0.0030 2.91 n.311

DISSIPATION COEFFICIENT= 0,002835

RFYNOLDS NORMAL STRESS., UCOMPNT= 0.00685 VCOMPNT= (.00159
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TABLE A2

DIFFUSER NON DIMENSIONAL LENGTH =

AXTAL DIST., FROM

INLET(X) = ?7.25

INNER WALL BLUE POSITION

2=9
10.0

0 INS,

N.D.DIST,(X/L}=

PELTA=x= 0,186 INS. H= 1,62 REYNOLDS NO.(BASED ON THFTA)=

DEST DIST

R=R1 RO=RI
n.050 0.031
0,100 0.081
n.15%0 0,092
0,200 0.122
9.250 0.153
0.300 0,183
i, 350 0.214
n.400 0.245
N, 450 0.275
0.500 0.306h
1.550 0.336
n,s60u 0.367
. 650 0.398
n,700 0,428
0,750 0,459

DU/UMAX
DR
1.925
1.086
1.047
1.098
1.053
0,952
0,871
0H.R35
0.811
0,741
h.606
0.450
0.354
0.280
0,065

SHEAR

STRESS
0.0057
0.0069
06.0078
0.0087
0.0092
0.0092
0,0085%
0.0074
0.0062
0.0051
n,6042
0,003
0.0026
0.0018
0.0011

DISSIPATION COEFFICIENT= 0,004468

REYNOLDS NORMAL STRESS,

UCOMPNT= ¢,00940

TABLE A2

DIFFUSER NON DIMENSIONAL LENGTH =

AXIAL DIST. FROM INLET{(X) = 9,85

INNER WALL BLUE POSITION

ERD.VIS,

U.DEL*
0.008
0.017
0.020
0.021
0.023
0.026
0.026
0.024
0.021
0.019
0.019
0.020
0.020
0.018
0.047

2=10
10.0

U INS,

ED.VIS, MIX L

UCRO~RI) DPEL¥
0.0009 0.15
0.0019 0.29
0.0023 0,32
0.0024 0.32
0.0027 0.35
0.0029 0.38
0.0030 0.40
0.0027 0,39

0.0024 0.37
0.0021 0.37
0.0021 0,41
0.0023 0.49
0.0023 0.55
0.0020 0.58
0.0053 1.97

VCOMPNT= 0,005

N.D,DIST.(X/L)=

DELTA*= (.249 INS, H= 1,69 REYNOLDS NO.(BASED ON THETA)=

DIST DIST

R=RI RO=-R1
0,050 0,027
0.100 0.054

0.150 0.081
n,200 0,107
n,250 0.134
Nn,300 0.161
fh, 350 0.188
0, 400 0.215
0,450 0.242
0n.500 .269
0.550 0.295
0,600 0.322
0.650 0.349
n.700 0.376
0,750 0.403
h,800 0.430
1,850 0.456

DISSIPATION COEFFICIENT=

RFYNOLDS NORMAL

Du/UMAX
DR
2.001
0.803
0.733
0,866
0.901
0,834
0.755
0.729
0.764
0.8%¢
0,820
0.750
0.627
0.521
0.4684
0,415
0,169

STRESS.

SHEAR

STRESS
0.0042
0.0056
0.0067
0.0079
0.0089
0.0098
0,0101
0.0099
0,009
0.0080
0,.0067
0.0055
0.0045
00,0037
0,0029
0.0020
0.0010

0.004574

UCOMPNT= 14,1003

ED.VIS.

U.DEL*
0.004
0.014
0.018
0.018
0,020
0.023
0.027
0.027
0.024
0.020
t,016
#.015
0.014
0.014
0.012
0.0%10
0.012

ED.VIS, MIX L
U(RO=RI) DEL*
0.0006 .09
0.0019 0.26
0.0025 0.32
0.0024 0.29
0.0027 0.30
0.0031 0,34
0.0036 (t.38
0,0036 }.59
0.0032 0.35
0.0026 0. 31
0.0022 H.28
0.0020 0.3
0.0019 0,30
n.0019 0.33
0.0016 0.32
n,0013 0,30
0.0016 0.54

0D.725

6042.3

MIX L
{RO=-RI)
0.017
0.033
0.036
0,037
0,039
0.043
0.046
0.045
0.042
0.042
0.046
6.056
0.063
066
224

Do

01

¢.985

7758.5

MIX 1
(RO-R1)
n,012
0.035
0,042
0.039
L0040
L0465
. U581
.052
L0477
LUA2
LU38
L037
L0480
RITAA
04?7
L0461
LO7?

oo DOC D

oo o

VEOMPHT= (.0U69Y
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TARLE A2/-11

PIMENSTONAL LENGTH = 10,0

AXTAL DIST, FROM INLET(X) = 9,850 INS. N.D.DIST.(x/L)= 0.985
INNER WALL GRFEN POSITION

DFLTA*= 0.249 INS. H= 1,69 REYNOLDS NO.(BASED ON THETA)= 7758.5
DIST DIST DU/UMAX SHEAR FD.VIS, ED.VIS., MIX L MIX L
R=R1 RO=RI DR STRESS U.DEL* UC(RO-RI) DEL* (RO=RI)
0,050 0,027 2.001 0.003%9 0.004 0.0005 0.09 0.012
0,100 0.054 0,803 0.0055 0.014 0.0018 0.26 0.035
0.150 0.081 0.733 0.0067 0.018 0.0025 0.32 0.042
0.200 0.107 (h,B66 0.0078 0.018 0.0024 0.29 0.039
1,250 0.134 0.901 0.00R8 0.020 0.0026 0.30 0.040
h,300 0.161 0.834 30,0096 0.023 0.0031 0.33 0.045
N.350 0.188 0,755 53,0100 0.027 0.0036 0,38 0.050
0,400 0.215 0.729 0.0101 0.028 0.0037 N.39 0.052
0,450 0.242 G.764 0,0097 0.025 0.0034 0.37 0.049
0,500 0.269 0.814 0.0090 0.02¢2 N.0030 0.33 0.044
0,550 0,295 0,820 0.0080 0.020 n.0026 0.31 0.041
0.600 0.322 N.750 0,0069 0.01% 0.0025 0.31 0.042
0.650 0,349 n,627 0.0057 0.01%8 0.0024 0.34 0,046
0n,700 0,376 h.521 0.0045 0.017 0.0023 0.37 0,049
0.750 0.403 0.484 0,003¢4 0.014 0.0019 0.34 0.046
N.800 0.430 0.415 0,0024 0.012 0.0016 0.34 0.045
0,850 0.456 N,169 0.00146 0.017 0.0022 3.63 0.084
DISSIPATION COFFFICTIENT= 0,004780

REYNOLDS NORMAL STRFSS. UCOMPNT= 0.01000 VCOMPNT= 0,.00814

TABLE A22-12

DIFFUSER NON DIMENSTONAL LENGTH = 10,0

AXTAL DIST, FROM INLET(X) = 9,850 INS,. N.DLDIST,.(X/L)= 0,985
INNER WALL RED POSITION

DELTA*= 0.249 INS. Hx 1,69 REYNOLDS NO.(BASED ON THETA)= 7758.5
DIST DIST DU/UMAX  SHEAR ED.VIS, ED.VIS. MIX L MIX L
R=RI RO=R1 DR STRESS U,DEL* U(RO-RI) DEL* (RO=RI)
0.050 0.027 2.001 0.0043 0.004 0.0006 0.09 0.012
0.100 0.054 0.803 0.0061 0.015 0.0021 0.28 0.037
0,150 0,081 0,733 0,0075 0.021 0.0028 0.34 0.045
0,200 0,107 0.866 0.0086 0.020 0.0027 0.30 0,041
0,250 0.134 0,901 0.0094 0.021 6.0028 0.3% 0.041
0.300 0.161 N,834 0.0098 0.024 0.0032 0.34 0,045
n.350 0.188% 0.755 00,0099 0.026 0.0035 0.37 0.050
N.400 0.215 0.729 06.0097 0.027 0.003% 0.38 0.051
0,450 0.242 0.764 0.0093 0.024 0.0033 0.36 0.048
0.500 0.269 0.814 00,0087 0.021 0.0029 0.32 0.043
1.550 0.295 0,820 0,0079 h.019 0.0026 0.31 0.041
0,600 0,322 0.750 0,.0069 0.018 0,.0025 0.3 0,042
n,650 0,349 0,627 0.0056 0.01& 0.0024 0.34 0.045
n,700 0.376 0,521 0.0043 0.0%6 0.0022 0.36 0,048
0,750 0,403 0,484 0,0029 0.012 0.0016 0.31 0,042
1,800 0.450 0.415 0.0016 0.008 0.0010 .27 0.027
9.850 F.456 0,169 0.0008 0.009 0n.0012 0.46 0.06¢

DISSIPATION COEFFICIENT= 0,004872

REYNOLDS NORMAL STRFESS. UCOMPNT= 0.01000 VCOMPNT= 6.01029
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TABLE AZ22-13
DIFFUSER NON DIMENSIONAL LENGTH = 10.0
OUTER WALL BLUE POSTITION

DELTA*= 0,055 INS, H= 1.30 REYNOLDS NO,(BASED ON THETA)= 3493.9

DIST PIST DU/UMAX SHEAR ED.VIS, ED.VIS. MIX L MIX L
RO=R RO-RI DR STRESS U.DEL* U(RO=RI) DEL* (RO-RT)
0.045 0.045 3.165 0.0025 0.007 0.0004 0.20 0,011
0,060 0.060 Z2.181 0.0025 0.011 0.0006 0.30 0.016
.110 0.110 1.178 0.0024 0.01¢9 0.0010 0.54 0.030
N.160 0.160 0,847 0.0021 0.022 0.0012 0.69 0.038
0.210 3.210 0.54¢ 0.0018 0.031 0.0047 1.01 0.056
0.260 0.260 0.471 0.0014 0.028 0.0015 1.03 0.057
04310 0.310 0,476 0.,0009 0.018 0.0010 0.82 0,045
0.360 0,360 0.3M11 0.0007 0.021 0.0011 1.10 0,061
D.410 0,410 0.191 0.0004 0.020 0.0011 1.39 0.076
0,460 0.460 0,091 0.0002 0,022 0.0012 2.08 0.114
DISSTPATION COEFFICIENT= 0,.001405

REYNOLDS NORMAL STRFSS. UCOMPNT= 0,00170 VCOMPNT= 0,00049

TABLE AZ22-14
DIFFUSER NON DIMENSIONAL LENGTH = 10.0
AXIAL DIST. FROM INLET(X) = 1,000 INS. N.D.BIST.(X/L)==0.100

QUTER WALL BLUE POSITION

DELTA*= 0,067 INS. H= 1,38 REYN@LDS NO. (BASED ON THETA)= 3380.4

PIST DIST DU/UMAX SHEAR ED.VIS, ED.VIS. MIX t MIX L
RO=R R3I=R1 hr STRESS U,DEL* U(RO=-RI) DEL* (RO-RI)
0.025 0.023 4,977 0,0026 0.004 0.0002 0.11 0.007
0,050 0.046 2.961 0,0026 6.007 0.0004 0.18 0.011
0.100 0,092 1.436 0.0027 0.014 0.0009 0.33 G.024
0.150 0.138 0,979 +.0024 0.018 6.0011 0.52 0.032
0,200 0.184 0.787 0.0019 0.018 0,001% .58 0.036
N,250 0,230 N.708 0.0015 0.016 0.0010 0.59 0.036
0.300 0.276 0.615 0.0013 0.016 0.0010 0.62 0.038
¢.350 0.322 0.432 0.0010 0.018 0.0011 0.79 0.048
0,400 0,368 0.272 0.0008 0.022 0.0013 1.09 0.067
0,450 0.414 0.142 0.0006 0.032 0.0020 1.83 0.112

DISSIPATION COEFFICIENT= 0.001417

REYNOLDS NORMAL STRFSS. UCOMPNT= 0.00189 VCOMPHT= 0.00112
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TABLE A22-15
DIFFUSER NON DIMENSIONAL LENGTH = 10.0
AXTAL DIST. FROM INLET(X) = 2.150 INS, N.D.DIST (X/L)==-0,215

OUTER WALL BLUE POSITION

DELTA*= 0,099 INS. H= 1.50 REYNOLOS NO.(BASED ON THETA)= 4746.,3
NIST DIST DU/UMAX SHEAR ED.VIS., ED.VIS. MIX L MIX L
RO-R RO=R1 DR STRESS U.DEL* U(RO=-R1) DEL~* {RO=-R1}
0,025 0,021 $.848 0.00638 0.005 0.0004 0.1 0.009
0.050 0,042 2.939 0.0039 0.007 D.0006 0.15 0.013
0.100 0.08¢ 1.903 0.0032 0.008 0.0007 0.21 0.018
6.150 3,125 1.382 c.0026 0,009 G.0008 0.26 0,022
0,200 0,167 1.071 (r.0021 0.010 0.0008 0.31 0.026
N.250 0,209 0,856 0.0017 0.010 0.0008 0.34 0.028
0,300 0.751 0.696 ¢.0012 0.009 0.0007 0.36 4,030
0,350 0.292 0.565 0,0009 0.008 0.0007 0.39 0.032
0,400 0,334 0,443 0.0008 0.v09 0.0007 D.44 0.037
N.450 ¢.376 0,324 0.0006 0.009 0.0008 0.53 0.064
0.500 0,418 0,219 0.0004 0.009 0.0007 0.63 0.052
0.55u 0,459 0.138 0.0003 0.009 0.0008 0.83 0.068

0.600 0.501 0.057 ¢.0000 0.002 0.0001 0.54 0.045

DISSIPATION COEFFICIENT= 0,001714

REYNOLDS NORMAL STRESS. UCOMPNT= 0,00305 VCOMPNT= 0.00126
TABLE A22-16

DIFFUSER NON DIMENSIONAL LENGTH = 10,0

AXTAL DIST, FROM INLET(X) = 3,250 INS. N.D.DIST.(X/L)==0,325

OUTER WALL BLUE POSITION

DELTA*= 0,114 INS, H= 1,57 REYNOLDS NO.(BASED ON THETA)= 4370.9

DIST DIST DU/UMAX SHEAR ED.VIS, ED.VIS. MIX L MIX L
RO-R RO=R1 DR STRESS U.DEL* U(CRO-RI) DEL* (RO=-RT1)
6.025 0,019 3.124 0.0040 0.006 0.0005 0.13 0.011
0,050 0.039 2.4h4 0.0044 0.008 0.0007 0.17 0.015
0.100 0.078 1.763 0.0038 0.010 0.0008 .22 0.019
0,150 0.117 1.496 0.0032 0.009 0.0008 0.23 0.0721
0,200 0,156 1.284 0.0026 0.009 0.0008 0.25 0.022

0.250 0.195 1.069 0.0020 0,008 0.0007 0.26 0.023
0.300 0.234 0,876 0,005 0.007 0.0006 6.27 0,024
0,350 0.273 n,726 0.0011 0.007 0.0006 0.28 0.025
0,400 0.312 h,608 0.0009 0.0v6 06.0005 0.30 0.027
N.450 0.350 0.489 3.0006 0.006 0.0005 .32 0.028
0,500 0,389 0,349 00,0006 0.005 0.0004 0.34 0.030
0.550 0.428 0,182 0,0001 0.003 0.0002 0.37 h,033

DISSIPATION COEFFICIENT= 0,001842

REYNOLDS NORMAL STRESS. UCOMPNT= 0.00389 VCOMPNT= ¢,00099
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I'd

TABLE AZ2-17
DIFFUSER NON DIMENSIONAL LENGTH = 10.0
AXTAL DIST, FROM INLET(X) = 4,250 INS. N.D.DIST,(X/L)==0.425
QUTER WALL BLUE POSITION
DELTA*= 0,133 INS, H= 1,62 REYﬁOLDS NO.(BASED ON THETA)= 4637.1
DIST DIST DU/UMAX SHEAR ED.VIS. ED.VIS. MIX L MIX L
KO=-R RO=RI DR STRESS U.DEL* U(RO=RI) DEL* (RO=-RI)

0,050 0,036 2,168 0,0050 0.009 0.0008 0.17 G.017
n.100 0,073 1.446 0,.0059 0.015 0.0015 0.28 0.027

0,150 0.10¢9 1.389 0,0058 0,016 0.0015 0.29 0.028
n,200 0.146 1.374Q 0.0052 0.014 0.0014 0,28 0.027
r,250 0,182 1.235 0.0043 0.013 0.0013 0.28 0.027
0,300 0,219 1.036 0.0033 0.012 0.0012 0.29 0.0¢9
h.350 0.255 0,858 6.0025 0.011 N.0011 0.31 0.030

0.400 0,292 0.731 0.0020 0.010 6.0010 0.33 0.032
D.450 0,328 0,620 0,.0016 0,010 0.0009 0.34 0,033
0.500 0.364 0,469 0.0011 0.009 0.0009 .38 0.037
h.550 0.401 N.268 0.0007 0.009 0.0009 0.51 0,049
h,600 H.437 0,127 0.0004 0.011 0.0011 G.81 0.07%
DISSIPATION COEFFICIENT= 0,002750

REYNOLDS NORMAL STRESS, UCOMPNT= 0.00521 VCOMPNT= 0.00203

TABLE A22~18

OIFFUSFR NON DIMENSIONAL LENGTH = 10,0

AXTAL DIST, FROM INLET(X) = 4,250 INS. N.D.DIST.(X/L)==0.425

OUTER WALL GREEN POSITION

DELTA*= 0,133 INS, H= 1,62 REYNOLDS NO.(BASED ON THETA)= 4637 .1

DIST DIST DU/UMAX SHEAR ED.VIS, ED.VIS. MIX ¢ MIX L
RO-R RO=-RI DR STRESS U.DEL* U(RO-RI) DEL* (RO=-RI)
0.050 0.036 2.168 0.0057 0.010 0.0010 0.19 0.018
0,100 g.073 1.446 0.0070 0.018 0.0018 0.3 0.030
h.150 0.109 1.389 0,.0073 0.020 0.0019 0.33 0.032
Nn.200 0.146 1.370 0,0066 0.018 0.0018 0.32 0.031
0.250 0.182 1.235 0.00653 0.016 0.0016 0.31 0.030
n,300 0.219 1.036 0.0039 0.014 0.0014 0.32 0.031
0,350 0,255 0.858 t.0028 0.012 0.0012 0.33 2.032
0,400 0.292 0.731% 0.0021 0.011 0.0010 0.33 0.032
0,450 0.328 0.620 0.0013 0.008 0h,0008 0.31 h,030
n,500 3,364 0,469 0.0009 0,007 0.0007 0.33 0.032
0,550 0.401 0,268 0.0005 0.007 0.0007 0.45 0.043

DISSIPATION COFFFICIENT= 0,003224

REYNOLDS NORMAL STRFSS, UCOMPNT= 0.00459 VCOMPNT= 0.00242
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TABLE AZ22-19
DIFFUSER NON DIMENSTONAL LENGTH = 10,0
AXIAL DIST. FROM INLET{(X) = 4,250 INS,

DUTER WALL RED POSITION

DELTA*= 0,133 INS. H= 1,62 REYNOLDS NO.(BASED ON THETA)=

DIST DIST DU/UMAX SHEAR ED.VIS.
RO=R RO-RI DR STRESS U.DEL*
0,050 0.036 2.168 0.0066 0.012
0.100 3,073 1.6446 0.0072 0.019
n.15u 0.109 1.389 0.0068 0.019
., 200 0.146 1.370 0.0060 0.017
0,250 0.182 1.235 0.0049 06.015

0,300 0.219 1.036 0,0038 0.014
0,350 0.255 U.858 0.0029 0,013
0,400 nN.292 0,731 0.0022 0.011

0,450 0,328 D.620 0.0016 0,010
0,500 0.364 0,469 0,0010 0,008
0,550 0,401 ¢,268 0,0006 0.009
n.,600 0.437 127 0.0Q02 0,006
DISSIPATION COEFFICIENT= 0,003310
REYNOLDS NORMAL STRFSS5,., UCOMPNT= 0,00512
TABLE A22-20
DIFFUSER NON DIMENSIONAL LENGTH = 10,0
AXTAL DIST. FROM INLET(X) = 5,450 INS,.

OUTER WALL BLUE POSITION

DELTA*= 0,173 INS. H= 1.69 REYNOLDS NO,{(BASED ON THETA)=

niST DIST DU/UMAX SHEAR ED.VIS,
RO~R RO-RI DR STRESS U.DEL*
0,050 0.034 2.219 00,0043 0.006
0.100 0.068 1.288 0.0059 0.013
0.150 0.10¢2 1.210 0,0067 0.016
0,200 0.135 1.264 0,0067 0.015
0,250 0.169 1.217 0.0059 0.014

0,300 0.203% 1.073 0.0047 0,013
0.350 0.237 n,%08 0.0037 0.04?
N,400 0.271 0,779 06.0029 0.011
0,450 0,305 0,694 0,06023 0.010
n,50v d.339 0.620 0.0018 0.008

.5590 0,372 n.521 1.0013 0.007
0.601 0.4064 0.390 00,0010 0.007
0.650 0.440 0.268 0.0006 0.006
DISSIPATION COQEFFICIENT= (.003057

REYNOLDS NORMAL STRESS. UCOMPNT= 0,00695

N.D.,DIST.(X/L)==0,425

ED.VIS.

UCRO~-RI)
0.0011
0.0018
0.0018
0.0016
0.0015
0.0013
0.0012
0.0011
G.0009
0.0008
0.0008
0.0006

MIX L
DEL*
0.20
0.31
n,.32
N.30
0.30

0.32

h.33

0,34

0

0

4637 .1

MIX L
(RO=-RT)
0,019
0.030
0.031
0.029
0.029
0,031
0.032
H.033
0,033
0.035
0.048
0.056

VCOMPNT= 0,00208

N.D.DIST.(X/L)==0,545

5790.4

ED.VIS, MIX L MIX L
UCRO~RIY DELw (RO-RI)
0.0007 0.1¢2 .04
0.0016 0.24 h.029
06,0019 0.28 0.032
0.0018 0.26 0,031
0.0016 0,26 0.030
0G.0015 0.26 0,031
0.0014 0,27 0.032
0.0013 0.28 0.033
0.0011 0,29 0.033
0.0010 0.28 ND.0%3
0.0008 0.28 0,033
0.0008 0.33 0.034
0.0007 0.36 0.047%

VCOMPNT= 0,00101
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1rBLE Acove
BUEFUSEE HON GIMENSTONAL (FNGIH = 10,0
AXTAL DISE, FROM INLETOX) = 7,250 1INS NeD DIST, (X1 0,725
OHTFR WALL BLUE POSITION
DELTA*= (0,218 INS, H= 1,77 REYNOLDS NO.(BASFD ON THETA)= 6567.7

DIST DIST DUJUYUMAX  SHFAR ED.VvIS. ED.VIS. MIX L MIX L
RO=-R RO=-RI1 DR STRESS U.DEL* UW(RO-RI) DEL* (RO-RI)
0.050 0.031 1.756 0.0071 0.009 0.0012 G.16 0.021
0,100 0.061 }.948 0.0085 0.021 0.0028 0.32 0.042
N.150 0.092 1.086 0.0088 0.019 0.0025 0.28 0.037
0,200 0.1¢2¢ 1.169 0.0088 0.017 0.0023 0,26 0.035
0.250 0.153 1.064 0.0083 0.01R 0.0024 0.28 0.037

2.300 0.185 0,917 0.0075 0.019 0,0025 0.31% 0.041
0,350 0.214 0,853 b.0065 0.018 0.0023 0.31% 0.041
N,400 0.245 0,887 0n,0055 0.014 0.0019 0.27 0.036
0,450 0.275 0,940 0.0047 0.011 0.0015 0,24 0.032
0.500 0.306 0.917 0.0040 0.010 0.0013 0.22 0.030
#.550 0.336 0,773 0.0033 0.010 0.0013 0.24 0.032
0.600 0.367 .553 60,0024 0.010 0.0013 0.29 0.038&
h,650 0.398 0.366 H,0015 0.010 06,0013 0.35 0.046
0,700 0,428 0.320 0.0009 0.007 0.0009 0.31% 0.041
0h.750 0,459 0,410 0.00608 0.004 0.0006 0.22 0.029
h,800 0,489 d,404 0.0001 0.000 0.00060 0.06 0.009
DISSIPATION COEFFICIENT= 0.004405
RFYNCLDS NORMAL STRFSS. UCOMPNT= 0,01057 VCOMPNT= 0,00324
TABLE A22=22
DIFFUSER NON DIMENSIONAL LENGTH = 10.0
AXTAL DIST., FROGM INLET(X) = -9,850 INS. N.D.PIST.(X/L)==0,985

QUTER WALL BLUE POSITION

DELTA*= (0.327 INS. H= 2.06 REYNOLDS NO.(BASED ON THETA)= 8286.3

DIST DIST DU/UMAX SHEAR ED.VIS., ED.VIS. MIX L MIX L
RO=-R RO=RI DR STRESS U.DEL* U(RO=-RI) DEL* (RO=-R1)
0.054 0.027 P.242 0.0046 0.006 0.0010 0D.12 0.021
0,100 0.054 0,869 0.0068 0.012 0.0021 0.20 0,036
0.150 0.081 0.749 0.0083 0.017 0.0030 0.26 0.046
h,200 0.7 0.747 0.0095 0.019 0.0034 0.28 0.050
0.250 0.134 H,789 $.0105 0.020 0.0036 0.28 0.049

.300 ¢.161 0.836 0.0112 0.020 0.0036 0.27 0.048
n,350 0,188 0.87¢4 0.0115 G.020 0.0035 0.26 0.047

N,400 0.215 0,901 0.0114 0.019 0.0034 0.26 0.045
,450 0.242 0,919 0.0110 0.018 0.0032 0.25 0,043
0,500 0.269 0.930 0.0103 0.017 0.0030 0.24 0.042
0,550 0.295 0,932 0.0095 0.016 0.0027 0.23 0.040
0,600 0.322 0.921 0.0084 0.0%4 0.0025 0.22 0,038
0.650 0,349 (,893 0.0073 0.012 0.0022 0.21 0.036
3.700 0.376 0.840 0.0060 0.011 0.0019 0,20 0,035
0.750 0.403 6,761 0.0048 0.010 0.0017 0.20 0.035
0.800 0,430 0.654 0.0036 0,008 0.0015 0.20 0.035
0,850 0.456 0.524 0.0026 0.008 0.0014 0.21 0.037
4,900 0.4R% h.376 0.0017 0.0u7 0.0n2 N,24 0.047
0.950 0.510 0.211 0.0004 0.003 0.0005 0.20 0.03

DISSIPATION COEFFICIENT= {},.00603%3

REYNOLDS NORMAL STRESS. UCOMPNT= 9,.01548 VCOMPNT= 0 _DYR39
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TABLF AZ/+23

DIFFUSER NON DIMENSTONAL LENGTH = 10,0

AXEAL DIST, FROM INLET(X) = 4 _850 INS. N.D.DIST.(X/L)=~0,985

OUTER WALL GREEN POSITION

DELTA*= 0,327 INS. H= 2.06 REYNOLDS NO.(BASED ON THETA)= 8249.0

DIST DIST DU/UMAX SHEAR ED.VIS. ED.VIS. MIX L MIX L
RO-R RO=R1 DR STRESS U.DEL* U(RO-RI) DEL* (RO-RID)
h,050 0.027 1.242 0.0030 0.004 0.0006 0,09 0.0%7
0.100 0.054 0,869 0.0051 0.009 0.0016 0.18 0.v31

0.150 0.081 0.749 n.0068 0.014 0.0024 0.24 0.042
0.200 0.107 0,747 0.0082 0.017 0.0029 0.26 0,046

N.250 0.134 .789 0.,0093 0.018 0,0032 0.26 0,046
0.300 0.161 0.836 0.0100 0.018 0.0032 0.26 0.045
0.35¢0 0.188 0.874 0.0105 0.01& 0.0032 0.25 d.044
N.,400 0.215 0.901 0.0105 0.018 0.0031 0.25 0.043

0,450 0.242 0.919 0.0701 0.017 0.0030 0.24 0,042
0.500 0.2069 0.930 0.0093 0,015 0.0027 0.22 0,040
0,550 0.295 0,932 0.0082 0.014 0.0024 0.21 0,037
7.600 0.322 0,921 n,0070 0.012 0.0020 0.20 0.034
0,650 0.349 0,893 0.0057 0.010 0.0017 0.18 0.032
0,700 0.376 0.840 0.0045 0.008 0.0014 0.17 0.030
n,750 0,403 0,761 0.0035 0.007 0.0012 0.17 0,030
0.800 0.430 .654 0.0026 0.006 0.0010 0.17 0.029
0.850 0,456 0,524 0.0015 0.00¢4 0,0008 0.16 0,008

DISSIPATION COEFFICIENT= 0,005050

REYNOLDS NORMAL STRESS. UCOMPNT= 0.01520 VCOMPNT= (¢,00190
TABLE A22-24

DIFFUSER NON DIMENSIONAL LENGTH = 1.0

AXTAL DIST., FROM INLET(X) = 9,850 INS. N.D.DIST.(X/L)==9,850

OQUTER WALL RED POSITION

DELTA*= 0,327 INS. H= 2,06 REYNOLDS NO,(BASED ON THETA)= 8249.0
DIST DIST DU/UMAX SHEAR ED.VIS. EDP,VIS. MIX L MIX L
RO=R RO=R1 DR STRESS U.DEL* U(RO=RI) DEL* (RO=RT)
0.05u 0.027 1.242 0.0049 0.006 0.0011 0.12 0,021
0.100 0.05¢ 0.869 0.0070 0.012 0.0022 0.21 0.037
0.150 ¢.081 0,749 0.0085 0.017 0.0030 0.27 0,u47?
}.200 0.107 0.747 0.0098 G.020 06,0035 0.29 u.050
f0.250 0.134 0,78v 0.0109 0.021 0.0037 0.29 0.05¢
0.300 0.161 1,836 0.0117 0,021 0.0938 N.28 ¢, 349
N.350 U.188 H.874 v,0121 0.021 0.0037 0.27 0.048
0.600 0.215 0.901 0.0120 0.020 0.0036 0.26 h,046
N.450 0,242 0,919 0.0115 0.019 0.0034 0.25 D.0&s
U.500 J,269 0,930 01,0106 0.017 0.0030 0.24 0,ude
N,550 0.295 0.932 0.0094 0.015 06.0027 0.22 . 039
N.e0n 0,322 0.921 0h.0081 0.013 G.0023 0.21 0,037
.650 e 349 U.893 0.0067 0,012 0.0020 0.20 0.045
0.700 0.376 0.840 ¢,0054 0.010 0.0017 0.19 h.u33
h.750 0,403 0.761 0.0043 0.009 0.0015 0.19 0.053
H.800 0.430 0.654 B.0032 6,007 ND.001% 0.19 fh.one
0.850 0,456 N.524 0,0022 0.006 0.0011 0.19 dL, 030

DISSIPATION COFFFICIENT= 0,006072

REYNOLDS NORMAL STRESS, OCOMPNT=z 1, 0154R VMCOMPNT= 0t Niipdy
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TABLE A2

DIFFUSER NON DIMENSIONAL LENGTH =

AXEAL DISTANCF FROM QUTLET= 3,75

INNER HWALL

DELTA%® . 233

pIST

R=R1

n,050
0,100
0.154
n,200
0,250
N.300
0,400
0.500
0,600
0.700
0,800
0,900

2=25
10.0

INS.

{1 HYDRAULIC DIAMETER)

BLUE POSITION
INS. H= 1,55 REYNOLDS NO,(BASED ON (HETA)= 6892.0

DIST DUJUMAX  SHEAR ED.VIS., ED.VIS. MIX L MIX L
RO=RI1 DR STRESS U,DEL* U(RO=-RI) DEL* (RO=R1)
0.027 1.847 0.0034 0.004 0.0005 0.10 0.012
0,053 0,659 0.0053 0.017 G.0021 0.34 n.yd2
0.089 .53 0,0068 0.027 0.u034 0.47 0.059
0,107 0.637 0.0078 0.026 0.0033 0.4°7 0,052
0.133 0.689 0.0086 0,027 0.0033 .61 0,051
0.160 0.665 0.0092 0.030 0,0037 0.44 0.05¢4
0.213 0.617 0.0101 N0.035 0.0044 0.9 0.061
0.267 0.703 0.0097 0.030 0.0037 0.43 0,053
0.320 0.677 0.0081 0.026 0,.0032 N.60 0,050
0.373% 0,479 0.0060 0.027 0.0034 0.49 0.061
0.427 0.450 0,0031 0.015 0.0018 0.33 0,047
0.46480 G.212 0.0001 0.001 0.0002 6.17 0.021

DISSIPATION COEFFICIENT= (,004203

REYNOLDS NORMAL STRESS, UCOMPNT= 0,01141 VCOMPNT= 0,00819

TABLE AZ22-26
DIFFUSER NON DIMENSIONAL LENGTH = 16G.0

AXIAL DISTANCE FROM OUTLET= 7.50

INNER WALL

DELTA*= 0,198 INS. H= 1,43 REYNOLDS NO.(BASED ON THETA)=

DIST

R=R1

3.050
6.100
0.15u
n,200
0.250
0.300
0,400
0.500
0.600
0,700

DISSIPATION COEFFICIENT=

DIST

RO-R]
0.027
0.053
0.080
0.107
0.133
0.160
0,213
0.267
0.320
0.373

DU/UMAYX
DR
2.236
N.709
0,447
0.505
0,541
0.509
0.462
1,560
0,549
0,390

REYNOLDS NORMAL STRESS,

GREEN POSITION

SHEAR

STRESS
0.0037
0.0042
0.0050
0.0060
0.0067
0,0070
0.0074
0.0072
0.0056
0.0021

0.002838

UCOMPNT=

INS.

ED.VIS,

U.DEL~*
0,004
0.015
0.028
0,030
0.031
0.035
,040
0,032
0.026
0.013

h,00054

(2 HYDRAULIC DIAMETERS)

5771.0
ED. VIS, MIX L MIX L
UCRO-RI) DEL~* (RO-RI)
0.0004 0.10 0.010
0.0016 0.32 t.034
0.0030 N.45%7 0,060
0.0032 0.55 0,058
0.0033 0.54 0.057
0.0037 0.59 0.062
0.0047 D.66 0,074
0.0034 0.54 0,057
0.0027 0.48 0,051
6.0016 0.42 0.0k
VCOMPNT= 0,.0U609
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TABLE A22-27
DIFFUSER NON DIMENSIONAL LENGTH = 18,0
AXTAL DISTANCE FROM QUTLET= 11.25 INS, (3 HYDRAULIC DIAMETERS)
INNER WALL RED POSITION

DELTA*= U,153 INS, H= 1,32 REYNOLDS NO.(BASED ON THETA)= 4656.5

NIST DIST DU/UMAX SHEAR ED.VIS., ED.VIS. MIX L MEX L
R=RI1 RO=RT DR STRESS U.PEL* U(RO-RI) DEL*¥ (RO=RI1)
0,050 0.027 2.297 0.0047 . 0.007 0.0005 0.14 g. 011
0.100 0.053 3.498 0.0044 0,029 0.0n24 .62 0.050
0.150 0.080 0.352 0.0043 0.040 0,0033 0.87 0.071
0,200 0.107 0.52% 60,0047 0.029 0.0024 0.60 N.049
.250 0.133 0.568 G,0052 0.030 0.0025 0.59 0.048
N.300 0,160 D.460 0.0057 0.040 0.0033 0.76 0.062
N,.400 0.213 0.265 0.0059 0.073 0.0059 1.34 0,110
,500 0.267 0.216 0.0058 0,088 0.0072 1.63 0.133
0n.600 0,320 0.167 0.005¢6 0.110 0.0089 2.07 0.169
. 700 0.373 0,119 0.0046 0.126 0.0103 2.63 0,215

DISSIPATION COEFFICIENT= 0,002762

REYNOLDS NORMAL STRESS, UCOMPNT= 0,00946 VCOMPNT= 0,00703
TABLE A22-28

DIFFUSER NON DIMENSIONAL LENGTH = 10.0

AXITAL DISTANCE FROM QUTLET= 3.75 INS. {1 HYDRAULIC DIAMETER)

OUTER WALL BLUE POSITION

DELTA*= 0,223 INS., H= 1,58 REYNOLDS NO.(BASED ON THETA)= 6478.4

DIST DIST DU/UMAX SHEAR ED.VIS, ED. VIS, MIX L MIX L
RO-R RO=-RI DR STRESS U,DEL* WU(RO-RI) DEL~* (RO=R1)
0.050 0.027 2.056 0.,0066 0.007 0.0008 0.12 0.015
3,100 0,053 0.767 h,0086 0.025 0.,0030 0.38 0.045
7.150 G.080 0.468 0.0100 0.048 0.0057 0,68 0,081
g.200 0,107 0.51¢0 0.0114 0.050 0.0060 0.66 0.079
0,250 0.133 0.591 0.0127 G.048 0.0057 0.61 0.072
.300 0.160 0.615 0,0137 0.050 0.0060 0.60 v.07?2
0.350 0.187 0,593 0.0143 0,054 0.0064 0,64 0.076
0.400 0.213 0.567 0.0143 0.057 0.0067 0.67 0.080
0.500 0.267 r.611 #,0132 0.049 0.0058 .60 0.071
0,600 0.320 0.691 0.0109 0.035 00,0042 0.68 V.057
n,700 0.373 0.593 0.0076 0.029 00,0034 0,47 0.085
0.R00 0.427 6,498 0,0045 0.024 0.0029 0.51% 0,060

DISSIPATION COEFFICIENT= 0,005994

REYNOLDS NORMAL STRESS. UCOMPNT= 0,01568 VCOMPNT= 0.00897
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TARLE A?

DIFFUSER NON DIMENSTIONAL LENGTH =

AXTAL DISTANCE FROM QUTLET= 7,50

QUTER WALL
DELTA*=
DIST DIST
RO-R RO=R1
n,050 0.027
D.100 0.053
0,150 0.080
0.200 0.107
0,250 0.133
4,300 0.164
0.350 0.187
h.400 0.213
0,500 0,267
0,600 0.320
n,700 0.373
0,800 0.4627

DU/UMAX
DR
2.477
0.411
0.364
0.601
0.623%
0.478
0,351
h.354
0.609
0.525
0,229
0.1912

GREEN POSITION

SHEAR

STRESS
0.0047
0.0052
0.0056
0.0081
0.0066
0.0072
0.0079
0.0089
0.0118
0.0144
0.0149
0.0133

DISSIPATION COEFFICIENT= (.004981

REYNOLDS NORMAL STRESS.

UCOMPNT=

TABLE A2

DIFFUSER NON DIMENSIONAL LENGTH =

AX1AL DISTANCE FROM QUTLET= 11.25

OUTER WALL

DELTA*= 0,112

nIST

RO«R

0,050
6,100
0.1590
0,200
0,250
0,300
n.350
0.400
1.500
0.600
0.700
0,800

DISSIPATION COEFFICTENT=

DIST

RO~RI
0.027
0.053
0.0806
0.107
0.133
0.160
0.187
0.213
0,267
0.3290
0.373
0.427

INS.

RED POSITION

DU/UMAX
DR
1.918
0,832
0.565
0.497
0,437
0.370
0,329
0,328
0.374
h.332
0.256
0,101

REYNOLDS NORMAL STRESS.

SHEAR

STRESS
0.0034
0.0041
0.0049
0.0055
0,0060
0.0063
0.,0066
0,0068
0.0067
0.0058
0.0045
0.0026

0.002233

UCOMPNT=

F=i9

INSI

ED.VIS,

B.DEL*
0.006
0.041
0.050
0,033
0.034
0,045
0.073
0,081
1.062
0.089
0.211
{t,384

0.01257
2=30
10.0

INS.,

ED.VIS,

U.DEL»
0.008
0.02¢
0.039
0.049
0.061
0.076
0.0%0
0.09¢
0.079
0.078
0.078
0.117

N.01033

(2 HYDRAULIC DIAMETERS)

0.155 INS, H= 1,40 REYNOLDS NO.(BASED ON THETA)=

ED,VIS. MIX L
UCRO-RI) DEL~*
0.0005 0.13
0.0034 0.30
0.0041 0.94
0.0027 0.59
0.0028 0.59
0,0040 0.81
0.0060 1.16
0.0067 1.22
0.0052 0.81
0.0073 1.04
0.0174 2.44
0,0318 4,72

4641.9

MIX L
(RO=R1)
0.010
0.066
0.077
0.049
0.0469
H,.067
0.096
0,101
0.067
0,086
0.201
0,3%0

VCOMPNT= 0,01317

(3 HYDRAULIC DIAMETERS)

Hz 1.29 REYNOLDS NO,(BASED ON THETA)=

ED.VIS. MIX L
UCRO-RI) DEL~*
0.0005 0.19
0.0013 0,49
0,0023 0.78
0.0029 0.94
0.0036 1.12
0.0046 1.36
0.0054 1.56
0.0055 1.58
0.0047 1.38
0.0047 1.45
0,0047 1.65
0.00790 3.22

3492.4

MIX L
(RO~R1)
0.011
0.029
0.047
0.056
0.067
0.081
0,093
0,095
0.082
0.086
0,099
0,192

VCOMPNT= 0,.00658
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APPENDIX 23

INVESTIGATION OF MOMENTUM BALANCE IN THE OUTER AND INNER WALL

BOUNDARY LAYERS

A23-1 Introduction

A calculation of the magnitude of the terms in the
momentum equation, for the inner and outer wall boundary layers,
was carried out for all three diffusers. In this calculation
the experimental values of wall shear stress, shape parameter,
pressure gradient, Reynolds normal stresses, etc. were used to
ca{culate the terms on the right-hand=-side of the Qquation. The
calculated value of gg was then compared with the values of
obtained from a plot of the experimental values of momentum
thickness. Apart from indicating the relative significance of
the various terms, this approach also gives a guide to the
overall acgcuracy of the experiment. A similar technique has
been adopted by Coles and Hirst(ék), and Goldberg(zg).

A sample calculation is given in Section A23-2 to indicate
the method of analysis employed. The calculations are summarised
in Tables A23-1 to A23-6, and the results are shown in Figures
A23-1 to A23-4, and 4-12-2/3, In Figures A23-5/6, and k-12-4,
the values of momentum thickness cbtained from the right-hand-zide

of the momentum equation are compared with the experimental values,.

A23-2 Sample Calculation

Diffuser L/AR1= 5.0, X = 1495 inse Outer Wall Boundary Layer.

The outer wall momentum equation is:-




572-1

2 — -— —
d0c _ Cio — B0 dRo . BodU(H,+2) + Ro~Rm 1 (d_f’w) + 1 ij(u'ﬂv;ﬁ-v‘z)-gm
dx 2 Ro dx U dx R, 2pVt m o UTdx/ °

{i) Outer Wall Surface Friction Coefficient (Cfo)
From the Law of the Wall Plot (Fig.k-11-2) Cf, ¥ 0.00070
Cfo - 0.00035
2

{(1i) Influence of Transverse Curvature %9‘.5_80
X
o

From Table Ak-5 ©_ = 0,083 ins., however from Fig. %-7-10
a value of 0,085 is obtained,

Ro= 6.34ms & dRo - 0.1763
dX

.. 8. dR, = 0.00236
Ry dx

(iii) Pressure Gradient B, du (F%*—Z)
U dx

From Table AL-5 Ho = 1.91, a value of 1.88 is obtained from
Figc 4"7"100
The term % dU can be calculated in two ways, firstly from

dx
the continuity equation to find U , and from the boundary layer
data (%) to obtain U, The variation of U with 'x' is then

du
plotted and (E;) obtained graphically. However, this approach
was found to be inaccurate due to the relatively low value of

(%g), particularly as x — 1l.0. The following technique was
L
therefore adopted.

Writing Bernoulli® Equation at the point of Maximum Velocity

P‘T =Pm+_‘1,2,,,PU2

m
riE.r) = (4P} 4+ pUdU
dx /m (dx)m P H
and 2 (4B = 2 /dPY} 4 2 du
PU? dx)m pu? dx) U dx A25-2




T BT -

Estamaling the gradient from Fig. ALO-5 at X = 1.95 we obtain

|
|
1
= 4.385

dP {2 Y= o.11 & Ax

FX ({J-G‘z) ’ A1_

: .. TRY- 2
and from continuity (‘—G'x) = 1,385,

hence 55_"'(_2_ ) = 0.11 x 1.385° = 0O.2i1
dx p'ﬁ:

- N 2
From Table Ak-5 (.i.) = 0.79t, .. dP (_?_2) = 0.211 x 0.791 = 0.132
U/ x

X PU
From Fig.A10-4 _2_( d_PI) = - 0.008
PU2 dx /n
and proceeding as above
(g_%) 2 = -0.008 x 1.385%x 0.791° = - 0.0096
dx m PU2
J.2dU = - 0.0096 - 0.132 = ~0.1416
U dx
S 1du = -0.0708
Udx
S. 8o dU ( H,+2) = 0.085 x (-0.0708) x 3.88 = ~0.0234
U X
2,
{iv) Total Pressure Loss Term Rc>z‘R"n 1 (d._PT>
RO ZPUZ dx m
From section (iii) _2 (_C_I_P;r) = = 0.009¢%
UiNdx/m
P
S (ciE_T) = ~ 0.0024
gpu'-’- dx /m

From Fig. A3-15, Ro - Rm = 0.67 ins... Rm = 6.34 - 0,67 = 5,67 ins.

Rg—Rm 1 (ggw) = 6.34°~5.67° « (- 0.0024) = — 0.00304
Ry 2pU*\ dx/y, 6. 34
R
© 2 =2 -2
(v) Reynolds Normal Stresses 2 d, J. (u+ v -V )%dR
. U de °
-4 f(a'hv-;_v')df{ - 0.0025 "
N dx Ro
u G2 vl viEr = L d [ge_pe *
within experimental error . _d [(U +v -V R R=_ Ix (u~v )dr
u* de e U Rm
™
Adding terms %@_o = 0.00035 - 0.00236 - (=~ 0.0234)+ (-0.00304) + 0.0025
X
. dfe = 0.02085
dx

compared with an experimental value of d& = 0,022

* In view of the large radius ratio (R,/RO) y See Appendix 25,

the two-~dimensiocnal version has been used.
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— MOMENTUM TERMS EVALUATION FROM EXPERIMENT
- - SUM OF TERMS ON R.H.5. OF MOMENTUM EQN.
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— MOMENTUM TERMS EVALUATION FROM EXPERIMENT
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o x EXPERIMENTAL VALUES OF MOMENTUM
THICKNESS ©
——— MOMENTUM THICKNESS CALCULATED FROM
=~ SUM OF TERMS ON R.H.S5. OF MOMENTUM
EQN.
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o x EXPERIMENTAL VALUES OF MOMENTUM
THICKNESS ©
—— MOMENTUM THICKNESS CALCULATED FROM
TT T SUM OF TERMS ON RH.S. OF MOMENTUM
EQN.
T
i
:
O.l4tk —
o.12% !
o110k -
O ins
oo8f - ~- - —— -
o]
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| | |
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TERMS IN "MOMENTUM INTEGRAL EQUATIONS
L/AR=5.0 DIFFUSER INNER WALL
TABLE A23-|
X ins 030 |o75 | 1.35 | 195 | 2585 | 345 | 3.75 | 4.28 | 4.85
_ﬁ_f\‘______ 2-5031 [0 0025 |0 002 |0 o0I8 [0 0015 |0.0014 |0 OOI4 |O 004 |0 0014 |
C
B h"/ﬂZ_ B 0.00155 [0 00125} © 0O} [0 0009 {0 000T5|0 Co0T |0 0007 [0 0007 |0 0007 |
___E‘ NS |0 044 [0.054 [0.Co0 0.077 |0 OB6 | 0.095 |0.103 |O.109 |O. 114
-1 du
U ax ©.1617 | 0-134410 0972 |0 0709 [0 054 [0 0454{0.0382|0.0331[0.0309
Hn(F_’om_Qm?h) 1. 372 i.38 .45 1.S505 | .57 {. bl I. 65 b. &7 I. 69
_(H-t-z).e_.@ )
B Tudk 0.0236 { 0.0245 | 0.0222 [0.0192 | 0.0166 [0 OI56 | 0-0143 [0 0133 [0.Di30
7?3_(555")___ 552 1553 |5.62 [567 [5.69 573 |5.76 [5.8) |5.67
- R_l_ ns 5.0 5.0 5.0 | 50 50 [ 5.0 |S.0 5.0 50
Rm -R/* 5.45 | 55 | 68 | 7.1 73 | 79 | 82 ]88 | 7
Rm2-R.2/ . ' |
/R, o9 | Lo | .36 | 1.42] 146 .58 | leg | .76 | 1,42
- dPT) A
(a‘x m 2,::»1.12 ©-0021 |0 0022 |0 0023 {0 0024 [0,0025[0 0026|0 Q026|0 0025 000244
L ﬂﬁ'z+;'l—v‘z)dr
Ut m O 00096|0 00157 |0 co2s4l o 0038 | o 0044 |0 0051 |0.0058| 0 00Tl |
L é, f("'-l -GII'U'I)d
gidx Y FVm [ [o.001t |o.0014 {0 0017 }0.0013 | 0.001t | 0.0009 |0 0009 | © 0009 {0 0009
4ae,
dx PREDICTED |0.0234 [0.0248(0.02i18 |0 ot80 o 0148| o 0131 | 0 olle [0 olO5 | 0.0112
46,
3% MEASURED |0.0195 {0 0225 | 0.0195] 0.O17¢| ©.0I1S0| O O135| 0 01250 0115 (0. 0110
“RaRE L (4%)
| TR 2pU\dx /;n|© 0023 (0 0024 |0 0031 [0.0034 [0.0037{0 0041 |0 0043 |0 0044 |0 0034




L/AR=50 DIFFUSER

519

OUTER WALL

TABLE A23-2
X ins 030 [ o 75 1-35 195 2551 315 |375 4.28 } 4-85
Cf 0-0031_ 0.0021]0.0012 |0.00075]|0.0005 {00003 [0.00018| 0.0001|0.00003
C
{/2 .00155 |0.00105 0. 0006 0. 00038 0.00025 0.00315 0.00009 |0.00005 [0.000015
eo ns © 046 |0.057 |0 072 [0.085 |0 099 |O-1lI 0.122 | 0.13 [0.138
RO m's_ .05 |6.13 | 6.24 6.34 | 6.45 ]| 6.56 6.575 & 76 | 6.85
8 dr
R 3_"x_ 0. 00134 |0.00164}0.00203[0.00236]0.0027|0.00298]0.00323| 0.0034 [0.00355
Ax/
As 1.057 | 1.148 ] 1.263 ] 1.385 [1. 51 1.63 | 1.76 | 1.87 |[1.99
a2 |1 /17 " |~
ax puy ©.36 | 0.27 | 0.17 | ©.1i |0.075]|0058[0045|0.038|0.035
(U/U)_# 0885 10856 |0.8250.791 | 0.756] 0.72310.687]0.650|0-612
a2 (2 )
ﬁg_,i_(_@f _]9:315 | 0:260] 0.185[ 0-132 | 0.098| 0-0805| ©-066 | 0056 [0.052
_dP (2.
__c_J_xT ( {DU_Z_ 0.0084 | 0.00B8)0 0093 ]| 0.0096 | 0.010 |0-0103]0.0104| 0 0102 |0.0098
— 2 du
U dx 0.322410.2688[0.1943]0.1416]0.108 |o 0908 ] 0.0764]0.0662| 0.0618
- 1 2
- 1du
U dx _|8-1e17 {01344 10 0972 0.0709]0.054 | 0.0454] 0.0382}0.0331 10,0309
Ho (Fomgrap| 139 | 1.50 | 1.69 | 1.88 | 2.12 | 2.38| 2.68 ] 3.10 | 3.50
-(H+2)9--d—9
U dx 0,0252 |0 0268 [0. 0258 ]0.0234 |0.022 [0.0221 [0.0218 |0 ©0219]|0.0732
4Ry 2
(E?(T pdy 0.0096 [0. 0092 [o 0ot | 0.008 o 0017 |0-0074 0. 0071 jo 006 |0.0066
afry 2 ] B
L_(_T_ﬂ'}_)ﬂfpu 0 coB4 c_xggga 9_09_9_3 o 99?3 ool0 Jo o103 10.010410 010210.0098
Ro s 6.05 | 6.13 | 6.2 6.3¢ | 6 45| 6.56 | 6 66 | 6.76 | 6.85
m
Rm (Est™) | 5,52 ] 5.53 | 5,62 | s.67]5.69] 5.73 | 5.76 | s5.81 | 5.67
2 2
Re=Rm 6lo | 7.0 7.3 8.1 | 9.3 | 0.1 2 | 1.9 | 14.9
R"z__R_:’f" 1T 1TV T v /17— -
o "M/ Ry 1.01 1.14 | 1.7 128 | 1.44 | 1.54 | 1.68 §1.76 | 2.18
—(QET) 1, S T
dx /m 2pV 0 0021 }0.0022]0.0023 [0.0024 | 0 0625 O 0026 | 0 0026[ 0 00250 0024
~Ro=Rm (d_"r) =2
Ro  \dx/m2PU10.0021 10.0025 | 0.0027| 0.0030| 0.0036 |0 004 |0.0044 | 0.0044[0.0052
| -1t -1 -2 N
M +Vm"V )or 0._00!7‘ 00023 | 0 0037|0-0054 [0 0073 | 0.0089]0.0108 0.0!3 |0.0156
L d [(u-ﬁv".a'z)dr
Ut dy = 0.0008|0 0008|0.002 |0.0025|0.0028 |0.003 |6.003 [0.0035 |0 004
(de\ PREDICTED -
dx /) 8Y LHS 00241 {00245 [0.0237 |0.0208 |0 0188 |o.0183 |[6.0073 |0.01T7T jO QI84
do
'd_'x)MEAsuRED 0.022 [0.0225 |0 023 |0 022 |0.0195 |0.0I8 |c.0166 |0.016 | O.016
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L/AR=7.5 DIFFUSER INNER WALL
TABLE A23-3
X ins .25 | 2.20 | 3.15 | 4.10 | B5.05 | 600 | 7.35
- Cf Jo.co23 |o.00i85 [0001s |0 001 {0.00135]0.00133]0.0013 |
<4/ 0 00115 0 00093|0 0008 {0 00075 [0.00068|0.00067|0. 00045
| _ei_ir_l_sh |0 ©o58 00715 o085 [0 0985]0-1120 ]0.1250(0.143
1 do
| T U dx O 0759 [0.0628 | 0.0547 | 0 0481 {0.0427 |0.038T[0 0316
Hi(From graph) [1.39 | i.485 | 1.565 |1.627 | 1.67 | 1695 |1.7is
D dx 0 0149 [0.0156 [0.0165 [0 0171 | o o175[0.0179 [0.0168
Rm{(Est™) |5.566 [s. 624 [5.677 [5.723 | 5.76% | 5.820 |5 896
Ri s 5.0 5.0 5.0 5.0 S.0 | 5.0 5.0 |
Rm ~ R 6o | b6 7.2 | 78 | 83 | 89 | 9.7
2 2 ) I T T
Rm~R/7R, .2 | 132 | 1as | onse | 166 | 178 | 194
—(9P) . ’ - L
dx /m 2pU" [0.0015 0 0017 |0 00i9 |0 00200 0022]0.0024 |0 0026
-Rmz‘Rlz._l_ (CLF_)T
“";'z,‘ :),ou2 X /m[0 0018 |0.0022 [0 0028 |0 0031 [0.0037 |0.0043|0.005]
It J-( =V%)ar 0 0025310.00366|0.00512{0 00643]0.00798| 0.06573[0 01099
t -1 =2
05 [(UH e |c.0oi2 0 0013 |0.0012 |0 0012 [0.0012 | 0.0012 |0-0007
d6,
dx PREDICTED |0 OI545|0 0156 [0.01575]0 01585 |0.01583[0.0155 [0.01305
4o,
_dx MEASURED  [0.0145 ©0l4S 0. 0145 1O 0145 o 0145 |0.0145 {0.014




Egl

L/AR=75 DIFFUSER QUTER WALL
TABLE A23-4
X ins 125 | 2.2 | 3.5 | 4.10] 5.05] 6.0 | 7.35
¢t ____|0:0018410.00144]0.00118 _]0.00095]0,00078 [0.00062]0.0004
Cf/_?‘_ _]0:00992{0.00072 10.00059 |0 00048 j0 00039 J0 0003 [0 0002 |
| Gws  lo.0615|0 075 [0.088 [0.102 |0.115 | 0.130 | 0.155
| Rowms 6146 | 6.257 [ 6.367 | 6.478| 6589 | 6.7 |6.857
i +jg‘_g§‘___, _ _ |800tiT]o.0014 |0 00lel [0 00i84 [0 0020410 002260 00264
T,/AL i l.162. | 1.285 § 1.413 [ 1.542 | 1.674| 1.81 [ 1.98
%{_p%'_).’; 0.15 | ©.108 {0.082 {0.064 {0.05 |0.042 |0 03
WPL) L ©0.85 |0 818 | 0.79 }0.758 [0.739 |0.702 {0.669
_ ?,_F,;_(,?jbl‘ B _o.|46 0.13 Jo.102 0.0§8_ 0 0765 10.0677]0.053 |
“ (G (Zu2)  [o.0058]0.0068 | 0.0075 | 0 0082] 0.009 | 0:0097] 00103
i i_% ‘;;—k,i {01518 [0.1256] 0.1095] 0.0962} 0.0855 | 0. 0774[0.0633|
| "U%  o.019]0.0628]0.0547|0.0481 |0 0427(0 0367 [0.0316)
| HoFomgraph) | 1.5 | 161 | 173 | 186 | 20 | 2,14 | 235
:(ﬁ”")% ili |2Otellooley |0 018 0.0i84 | 0.0196 |0 0267 10 0214 |
_Re 6.146 | 6.257 | 6.3676.478 |6.589|6.T0 |6 856
] Rn_, (_Esf"') 5.566 | 5.624 | 5. 677 [5.723]5.769| 5.82 }5.896
R&-Rm .70 | T.60 | 8.30| 9.20 | loco] itoof 12.l0
R°1‘R"'2_/_Rc \; 09 [1.215 | L304]1.420 [1.520 | . 640|765
(C;T)m 2—lpu 0.00|5% |0.00I1T |0 o0I% 0.002 |0 0022|0 c024(0 002(1
-R;R"‘(ﬂi’) ﬁu 0.00163 |0 002070 00248{ 0 00284 | 0.00334[0 00394 |0 0046
— o m _ : - e
"J-(u::“ V'l) df " |©. 0025 |0 0038 [0.0055 [0.0074 [0.0099 |0.0124 |0.0165
Uzd Iu +V o_o_oum 0.0015 |0 00i8 [0.001% |0.0022 |0 Q023 [0.0027
j‘? pRepicTED  [0.€154 |0.0156 |0.01625 |0. 0161 [0 0168 | 0. 0171 [6.01T1
%B(DMEASURED 00!4-5 ©.0145 [0.0145 |[0.0145 |0.0155(0 oleo QOI'IS_
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L/AR,=10.0 DIFFUSER INNER WALL
TABLE A23-5
X Ins Lo 226 | 3.25 { 4251 65.45 | 7.25 | 9.85
_E o 0.0027 |0.0023 {0 00205|0 C0I85 0 00165]0.0015 goﬁol_aﬁ
c - 2043 1O 000510 0018510 00163 : i
. “_‘/ 2 b ooI35/0 0oii5 [0.00103 [0.000930-00083[0.00075 0.00065
B 8, ins. 0.051 [ 0.064 [0.075 |0 086 [0098 |0.115 [0.147 |
I du
T U dx C.054 |0 0489 |0.0469(0.042 [0.0406(0.0338{0 0287
H, (From grebh)| 1 36 | 143 | 148 | 153 | 158 [1.63 [1-69
_(H+2) 8 du
U gk | [o.0092410.01072 f0.01223 001271 [0-0138 0. 0141 o.01554
Rm (Est™) |5.56 | 5 6o | 5.62 | 5.65 | 5.695| 5.80 | 5.88
R; 1ins 5.0 5.0 50 50 5.0 5.0 75797
Ret - Ri” 595 | 6.4 | 65 | 69 | 74 | 86 | 96
[ X |~ I 7 I i ST
Rm—R-/R. 19 | 2g | 130 [ 138 | 1.48] 1,72 [i.92
dPT>
2pu2 © 002 10002} {0 0022 [0 0023 [0 0023(0.0024 |10 0025
Rm R, —1(‘5?
TH, 2pU 0 00238[0 0026% |0 00286 |0 00317[0.0034 10.00413 o_ic}ia
J(U + Vi = V' )df 00014 |0 0021 |0 0027 |0.0033|0 0042|0 0053]0.0066
I d
Eld"xf( h, -V )JF 0.0005 |0 0005 {0.0005 [0 0005 {0.0005 10.0005 |0.0005
%2' PREDICTED |0 00BTI|0.00%68]0.0109 [0.01097|0.01173]|0.0111T |0 01189
4o, ’ o I T
Gx MEASURED |0 0105 |0 01050 0105 |0.0105 |0 0105} 0.011 |0.013




L/AR,<10.0 DIFFUSER
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TABLE A 23-6

OQUTER WALL

X ins 1.0 | 2.25] 3.25] 4.25 | 5.45 | 7.25| 9.85
Ce 0.0025 |0.00!$[0.00i75]0.0015 [0.00I35]0.001I5 [0.00075) | L
C
’t/ 2 0.00125 [0.00095 ]0.00088 ]0.00075 {0.00068]0 .00058 [0.00038 |
8, ins 0.051 | 0.065 | 0.077 ]0.088 ] 0.102 {0.123 | 0.159
Ro ins 6.088 | 6.20 |6.284 { 637 | 6.477]6.635 [6.862 |
8 dr
R dx 0 0007310 00092 |0 00107 0.00121 [0 00139 [0.00162 |0.00202
A"/A1 1.1 11.225 |4.325 | 4.42511.545 |1.725 |1.985
LY N
ax pus o.11 | 0.085] 0.073} 0.058 |0 05 | 0.035 |0.025
G
(%/y 0.87 10841 [ 0.82 |0.80210.78 | 0.745| 0.£9 B
& (509
| dx pul ©.10 100895 |0.0852]0.075 10.072 10 058 |o 0475 L
RNES
dx/m\ P0Y/ _ [0.00810.0084 Jo.0087 §0.009t |0 0092 [0.0096 [0.0100
-2du
| Udx  |©:10B! 10.0979]0.0939 |0.084i |0 0812(0.067610.0575) |
1dy
| udx  |0-054 10.0489]0.0469 |0.0420 | 0.0406]0.0338 |0.0287 | .
Ho (Fomgaph) | 1385 | 1.5 | 1.57 { 1.63 | 1.71 | 1845 2.06
(H+2)§.§’H
“Tydx  |e0093[o.0nl [00129 lo01338|0.0153 [0.0160 [0.018 6 B
Ro 6.088 | 620 (6284 | 6.37 16.47716 €35 | 6:85
Rm (Est”)| 5.56 | 5.60 | 5.62 | 5.65 | 5.695| 5.80 | 5.88 .
FA 2 h T T | o T B
Re=Rm 605! T.0 7.9 8.7 | 9.55| 10.4 | 12.5 B
R:-R,;/
Rs 0.955| 113 | .26 | 1.36711.475} .57 | 1.82
_-7(85) . R e X B
|__\dx /m 2PU" 10 002 |0.002! 10.0022 {0.0023]0.0023 | 0.0024]0 0025 | ]
-R:-R,,’;(éﬁr) 2,
| _Ro_ '9x/m2pUT[0.0019 10.00237{0.00278 |0 00314 [0 0034 10.003T1{0 00458} | |
_| -2 ""'11__"'11
UTJ(T“,"'?_" ¥ l0.00165[0.0024 |0.0032 {0.00840.006 [0.0085 0.01a0] |
l_—l _ti -2 i 1_-—.2
0t 5 (@995 0006 [0 00075 00009 {0.0011 |0 005l 00I3 [0 oOtS | [
de.
| ax PReDICTED  |O.0085[0.0095 | 0.0108 10.0109 | 0.0124 | 0.0124 |0.0139
de, B D R D R A
dX measurep  [0-©10 J0.0it [o0.011 |o olt |0.012 |0.013 |0.015
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APPENDIX 2k

INVESTIGATION OF ENERGY DATLANCE IN THE OUTER AND INNER WALL

BOUNDARY LAYERS

AZhel Introduction

A calculation of the magnitude of the various terms in
the energy integral equation was carried out for all three
diffusers. A similar approach to that outlimed in Appendix 273
was employed, the experimental values of, dissipation coefficient,
energy 'thickness, pressure gradient, ectc. were used to calculate

values of d&**

A24~2 Basic Equations

The rotationally symmetiric form of the energy equation for
the immer wall layer, neglecting Reynolds normal stresses, is

derived in Appendix 25.

Rl"'l

d nR.u'%‘:*} - Q(dm) +zn | u A(RD) &

« m oR
i Azl.l-—l
Using 'y' to denote the co-ordinate at right angles to the inner

wall, we may write;

R
Q_[wRIUaS:*]_-. Q_.(g_‘r}) + 2_1_rJ' uj[(Rl+y)T]dR
dx f" X/m f‘) R, ay
M rdsr 2U (Rei=R - 8))(45) 2[2::3 (1+Y T]d 87308 dRi U ST
boe £ mT 0% — 0 pui) s — i -0 3Ud¢, —ahkiU o,
d x P 2R, ( x/m PR aj[ R, o4 dx dx R,
- g Rm . R 2 cee s ARY-2
= | u(t-(uy}Rdr = R I 1+ \d
where I J ) (U) ) R, ‘. U( U) ) R.) Y

and Q; = 27R,U [ _R_i"_R_iz - Sk:l




o =l

In view of the large radius ratio (%), and the fact that

dRi _ : - .
&= = 0, equation A24-2 may be approximated to

¥k ¥
= (8-8)) dPT 2+ 2 [udrdy -

U

38"
T A 24-3

CLI

dd
dx
h 3 = Rm-Ri

Consider now the two~dimensional form of the energy equation

§
U 5“] 2Q, (dP"r> + 2{ Tdu dy
= Y A2k-l
dx[ p dx r A dy
where Q = U(S—B*) and therefore expanding A24-L we obtain
S *E

48" (8—8?")(éfr 2+ 2 J'r?‘_tidy - 38;d0 A24-S
dx dx/y pu?  pUd dy U dx

o

The laminar form of the dissipation integral can be

written as s

& )
T du dy = }UJ‘(CB)dy:/u[(ud_u_)"fudu dyJ
at y=5, C_[!=O‘,andat y=0.,u=o0
b
so the first term is zero, and we may write
3 s . S
Tdu dy =/uj udu dy = ju‘.‘{_l' dy
J; <y o 9V° o o

Therefore it is more convenient to express the dissipation

coefficient Cp =2, j u C‘_'T' dy in the more usual form
pPu?

dy
u
2.1‘_1;2 ci( /b) dy
pYUT dy

and Equation A2Lk-~3 becomes

dy A2k-6

487, (8-8))(dh) 2 v o, -

38"
dx X I U2 ' 'G

‘Ll

Bearing in mind the possible errors in the shear stress

measurements, and the large radius ratio, the two dimensional




”

form of the dissipation integral has been used without
ineurring any significant error. The remaining boundary

layer paramelers are based on axisymmetric definitions,

A24~3 Presentation of Results

The calculations are summarisecd.in Tables A2k-1 to
A2h-3, the values of energy thickness oblained from the right
hand side of the energy equation are compared with the values
obtained from the mean velocity profile data in Figs. A24-1 1o

A2k-3,
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o x EXPERIMENTAL VALUES OF ENERGY
THICK NESS 8™

—— ENERGY THICKNESS CALCULATED FROM
SUM OF TERMS ON R.H.S. OF ENERGY
EQN.

O22¢F

|
O.IO-———————/ - |- B

INNER WALL

=
N

022+ — - ' U

OUTER WALL

!
L |
; ! i

1
o] 0.2 0.4 0.6 0.8 1.0
NON-DIMENSIONAL DISTANCE FROM INLET X/L

FIG.A24-1 COMPARISON OF ENERGY THICKNESS

CALCULATIONS WITH DATA L/AR,=5 DIFFUSER
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o x EXPERIMENTAL VALUES OF ENERGY
THICKNESS 8™
—— ENERGY THICKNESS CALCULATED FROM
SUM OF TERMS ON R.HS, OF ENERGY
EQN
}
P
0.22F .
|
]
o118k :
5}’.:
HELE
0.4t .- —
x I ! i
1 X i
i x/ ! |
0.0k o : ! ) |
. |
x ! | INNER WALL
: i |
I \ |
i 1 1 1
' f
i
0.22¢F DA
i
0
H
0.8 -~ s
* - :
§ns |
0.14 |- S _
| !
| |
‘ i
i
‘ |
o.1ckF Broomoos e e
° . OUTER WALL
I I
3 ! i 5
% | i
1 | 1 1
o)

02 0.4 0.6 C.8 1.O
NON-DIMENSIONAL DISTANCE FROM INLET X/L

FIG.A24-2 COMPARISON OF ENERGY THICKNESS
CALCULATIONS WITH DATA L/AR;7.5 DIFFUSER
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EXPERIMENTAL VALUES OF ENERGY
THICKNESS 4**
——~ ENERGY THICKNESS CALCULATED FROM
SUM OF TERMS ON R.HS. OF ENERGY
EQN
[
02p-— -~ -—— ;
|
|
o.18 | - —
*X
§ ns
.14 |-
1
i
OO F——x , : e
. -~ INNER WALL
M .
X
<
022 -
0.8 -
X
(Soins
O.14 -
oI10pk—- —w~ . . . I
o) | 1 OUTER WALL
|
Y ' | !
i \ }
T .
L 1
O

| i
0.2 O4 0.6 0.8 10
NON-DIMENSIONAL DISTANCE FROM INLET X/L

FIG.A24-3 COMPARISON OF ENERGY THICKNESS
CALCULATIONS WITH DATA L/ARsIO DIFFUSER
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TERMS IN ENERGY INTEGRAL EQUATIONS
TABLE A 24-I|
L/AR,=5.0 DIFFUSER OUTER WALL
Xins 0.30|0.75 | .35 F 1.95 | 2.55| 3.5 [ 3.75| 4.28 | 485
(%):)m_ jﬁgpz__ 0.0084 (0.0088 [0.0093 5.0096 [0.010 |0.0103 0.0104 [0.0102 |0 0098
R_O-R.., = ws 16,53 |0.60 0.62 jo.67 |0.76 [0.83 |0.90 |[0.95 | 1.18
B ‘5; s 0 0b4 [0.090 |0.120 | 0.157 |0.209 [ 0.262 [0.329 |0.404 [0.487
i Léo“g’: 0.466 |0.510 |0.500| 0.513]0.551 | 0.568|0.571 | 0.546|0.693
'5%‘(‘5'5*) (ﬁ)m 0.0039 10.0045 |0 0047 [0.0050 |0.0055 [0.0059 [0.0059 | 0.0056 |0.0068|
- T'J '3—‘: 0.1617 |0.1344|0.0972 [0.0709 | 0.054 |0 0454/0.03820.0331 [0.0309
| ‘S:‘ 0.081 |©.096 |0-18 [0.134 |0.157 10.171 0.187 |0.195 [0.204
- 13—"‘3—‘,;’ 0.0393 0.0387|0 0344 [0.0285|0.0255|0.0232 [ 0.0214] ©.019410.019
CDo 0.0025 |0.0038| 0.0039 |[0.0045 | 0.0047 | 0.005 (0.0055]0.0062 | 0.0070
) cdiiﬂ 00383}0.038 |0.0336]0.028 [0.0247|0.0223|0.0210|0 02000 0152 |
INNER WALL

X ins 0.30 |0.75 | 1.35 .95 | 2.55 | 3.15 | 3.75 | 4.28 | 4.85
_(%?m (72131 0.0084{0.0088 00093 |0.009 [0.010 |0.0103 |0.0104[0.0102 |0.0098
Rm=Ri =8 |0.52 | 0.53 [0.64 | 0.67 |0.69 | 0.73 | 0.76 | 0.8 | 0.67
& s 0.057 | 0.075| 0 094 | 0.118 |0.136 | 0.1550.168 | 0.175 |0 194 |
&8 0 463 | 0,455 0.546| 0.552| 0 554| 0.575 | 0.592 | 0.635|0.476
'fﬁ:‘(épé')(d??)m 0.003510.004 |0.005! |0.0054|0.0055{0 0059 {0.0062|0.0065( 0.0047 |
_TIJ%% 0.1617 [0 1344 |0 0972 |0 0709 |0.054 | 0.045410.0382 |O 0331|0.0309
. 0.170 |0.176 |0.189 |
0.0195|0.0175|0.0175
0.0043| 0 0044 0.0044

O.Q\Tb 0.015410.0172
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TABLE A24-2
L/AR=7.5 DIFFUSER OQUTER WALL
Xins .25 | 2.2 | 315 | 4.10| 5.05| 6.0 | 7.35

EIR
T\dx /m PU 0.0058 [0.0066 {0.0075{0.0082{0.009 [0.0097 |0.0103 |
_ Ro~Rm* % 516,680 | 0.633 | 0.690 0.755 | 0.820] 0.880(0.960

#
éo ins 0.089 | 0.121 | 0.150 | 0.191 [0.224| ©.279|0.358
E ]

50— CSo 0.49i [0.512 |0.54010.564] 0.5%96| 0.60! |0, 602
-2 (8-§ (d_Pr)

PU x /m [0.0029 |0.0034|0.0041|0.0047| 0.0054|0.0057 | 0. 006!

- 1du

U dx 0.0759 | 0.0628|0.0547 {0.048) |0.0427 |0.0387 |0.0316
L %]
| ‘So 0102 | 0126 [ 0.143 | 0,164 |0.181 1 0.20510.232
34" qu
"0 dx 0.0232|0.0237{0.0235| 0.023710.0232 {0.0238 |0. 0207
Coq 0.0020|0.0026| 0.0034[0.0036|0.0041{ 0,0046{0.CObL!
d(Sln
ax 00223 [0.0229 |0.0228 | 0.0226(0.02i9 {0.0227|0.0207 |
INNER WALL
Xins .25 2.2 3.15 4.10 | 5.05 | 6.0 T1.35
_.(d_PT) 2
dx/m PU?  |0.0058]|0.0066(0.0075 {0.0082 0 009 |0.0097 [0.0103
I Rm-R, =, ins 0.56b | 0.624 10.677 |0.723 |0.769 | 0.8200.8%6
X
S, s 0.083 |0.107 [ 0.135 { 0.163 | 0.185 ] 0. 218 | 0. 241
»
S5,-8 0.483 l0.517 | 0 542 |0 50| 0.584| 0.602[0.655
_2 (&5*)(&) . ’ ’
| put Ix /m [0.0028 (0.0034 |0.0041 |0.0047 | 0.0052 |0.0057 |Q.0068
1 du

T uax 0.0759 |0.0628 | 0.0547 {0.048} |0.0427]0.0387|0.0316
L %)

3, 0.103 | 0.124 [0.146 {0.167 {0.184 [0.211 |0.230

_38"dv

U dx 0.02340.0223 |0.024 [0.0242 [0.0235|0 0245 (0-.0218

Co, ©.0018 {0.0029}{0.003}) [0.0036 | 0.0041] 0.0042|0.0043
dé\’i
| dx 0.022410.0228(0.0230|C.0231|0.0224|0.0230 0 0193




L/AR*I00O DIFFUSER

592

TABLE A24-3

OUTER WALL

X ins .o 2 25 3.25 | 425 ] 545 | 725} 9 85
_.(QET) 2
dx/m PU o008l [0 cogd|o 00870.0091 |0 0092 {0 0096 | O CIQQ
Ro~Rm = S,s [0.528 [0.600 |0.664 [0.720 l0.782 [0.825 |0.982
8o ns 0.067 {0.099 |o0.114 [0.133 |0.173 [0.218 |0.327
t 3
éo'éo 0.46!} {0.501 | 0.550{0.587 | 0.609| 0 617 |0.655
2., é~é‘)(d_*")
PU dx/m[0 0038 {0.0043| 0 0049 |0 0054 |0.0056|0 0060|0 006b
_1du
U dXx 0054 [0 Q489 |0 046310 042 |© 0406|0 0338 |0.0287
ds 0.086 |o.13 |0.123 {0.136 |0.169 |0.199 {0.24¢
“d
-367Y 0.c139 |0 0165 [ 0.0173| 0 0171 |0.0206| O 0202{ 0.0212
Cog, 0004 |o oot7 |o 0018 {0.0027]0 0031 | 0 0o44l0 0060
dél‘l
dx 0 0115 |0 0139 | 0 0142] 0 0144 0.0181 | 0.0186| 0 0206
INNER WALL
X ins | O 225 | 3.25 | 425 | 5.45] 725 |9 85
--(QET) 2
ox /m PU? o 008l |o 0084 l0.0087 [0.0091 l0.0092|0 0096|0 mooJ
Rem- R.=<S, ins 10,560 [ 0.600 |0.620 {0.650{0.6950.800 0.8801
*
“3- Ins 0.073 ] 0.092| 0.10% |0Q.132 {0.158| ©.186]0.249
%
3,-d, 0.487 1 0.508]1 0.5t {0.5I810 53710 614 |0 631
2 (5_(5*)(de)
SU dx/m|0.0040(0.0043{0.0045|0 0048 |0.0049] 0.0060!0.0063
4 du
U dx 0054 [0.0489 |0 0469 {0.042 [0.0406|0 0338 0-0287'4
8§ 0.099 |o.112 |0.128 | 0.148 |0.169 |0.190 {0.241
_334%du
U dx 0.0l6! |0.0164]0.0180]0.0187] 0.0206{ C 0192 | 0.0208
Co, © Q014 [0.0019 {0.0023|0.0028{0 0028|0 0045](0.0046
dé!r 1
dx 0.0135 [0.0140[0.0158 [0.0167 |0.0185 |0 0177 |0 OIS} |
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Appendix 25

Basic Equations for Rotationally Symmetric Flow




APPENDIX 25

- MOMENTUM INTEGRAL EQUATION FOR ROTATIONALLY SYMMETRICAL FLOW

The Navier-Stokes equations for steady (non-turbulent) flow,

swirl free, expressed in cylindrical co-ordinates are given by

Schlichting (8%) as:
udU + vou _ -1 3P +V[&'+lé‘_4+aj‘J - A25-1
d % IR f ox a R? R 9R ox*
UQ/+V5_Y=—.‘_@_P+)’[@3/ v -y w2y - A25-2
X OR r oR dR* R ¥R R Iy

and the continuity eqgne.

_‘é ( RU) + E (R‘() = O. - A25-3
AX OR
The order of magnitude of the terms in equations A25-1/2/3 is

estimated with the object of neglecting those which are numerically

very small.

Thus we assume V«<u , OV ¢ ou R oV ¢ du
ox Ox IR OR
Pu_, &7 2
and we neglect U, 4V, B NS
ox? " gx? R

Thus the simplified equations of motion become

udu + v ou =-—|_<§f+)) &1+_\_3_E w AZ5-k
% IR P ox IR? R 3R
0. = 1S éE i.es P = P(R) = const.
P IR
2 (Ru) + 9(RV) = o, A 25-5
oX IR
: . T = Mou oOT _ d%u .
Since M T and Se M o we may write
y[du+tdul o 1far o) o 1 3(RT) A25-6
OR* R OR PLaR R PR IR
Eqne. 25-% becomes: udu 4 v _b_u = - é..P + 1 5_(_R_'f_) -A25-7



Expanding ﬁ_(RUZ) + 9 (RUV) we obtain;
A% oR

| 3R u® 4+ 2uR M + uv + RV 4+ RuUIV - Q(Ru2)+ Q(Ruv) A25-8
] IR

o 3% oR dR
From Eqn. A25-3 Q(RUY+ 3 (RV) = UBR + R &+ v + RV = A25-9
ax IR o x dx OR
UPdR + RUU + uv + RUN _ g A25-10
dx . 0% IR

Using Eqn.A25-10 to cancel terms in Egn. A25-8 we obtain

é(Ruz)-!-A(RUV): RU%_U' +RV@_E=R[U§E+V3_U_:I
3% OR 3% IR oX IR

Thus Egn. A25-7 can bhe written as:

]
|
by
o
0

+1 9 (R T) A25-11

2 (RUY) + 3 (Rruv L
dx aR( ) P X P IR

Writing

£}

3(rRUU) + 2 (RUV
b_x( ) a_R( ) X X dx OR

aR(Uu)+RubU+ RUJU + RUDV +

Uv + Rv U

IR
Substituting Eqn.A25-10 and noting U = O
aR
2 (RUu) + 2 (RUv) = Ru U A25-12
A% 3R dX

Subtracting Egns. A25-11 and A25-12

%[Ru(U_UZ)]+b%Q[RV( u)] uolU +

We obtain J.QE by writing Bernoulli's Eqn. at the point of maximum
P ox
velocity
2 oR
Pr= P &+ L5 (_L QE) (——I) - Udu -
m m 2’ pox/ P % /. dx A25-1k

If no swirl is present (BP) = (aP)
m
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is zero if a potential core exists,, however‘ if

The term f{’—( %%)m

the flow is fully developed PL(_@_ET) # 0 and this term is included
X /m

in the equations. Substituting in Eqn. A25-13 we obtain

A[Ru (u-u)]+ 3 [Rv(u-u)]= RdU(u-0)+R (d) - 12 (&)
ax oR dx P Ix/ r IR

-A25-15
Consider the application of Eqn. A25-15 to the

flow in an annular diffuser as illustrated belc‘nw.

|
b
[ u
f

7 VAV A S A A A A 1 Rm
|

The boundary conditions are:

R

[
Py

o u = 0’ v = 0O

Rsz,u=U5 a_u=0
IR

R=R‘ ’u=0, VvV = O,

Considgr‘the inner wall boundary layer, assuming that the flow is

fully developed. Integrating EFgn. A25-15 w.r.t. R from R; to Ry
we obtain:

R R=Rpy Rm Rm
d Em “(U“”)RdR‘*[R"(U‘U)] = du j(u—-U)RdR+'_(‘§fT) JRdR
dx dx
o R=Rj P m
Ri ! RI R,

R=Rm
-1 [RT] _pss-16

P R=R|

Bm Km
Defining 8:=I(1*£)E_dR % e|=£( 1_9_)2.[2_ dr
R U R, 2 U/ U R,

and introducing.the boundary conditions, then



S S)

d(ute,R,) = - RUdU S« _:(cii_’T) (Rmz-Rf) + Ry Tw;
dx g —
differentiating

U6, dR + R, §;20dU + R, U*de; +R, U dU 8 RmZ-R.z(d_ET) + RiTy;
dx dx dx dx 2/_) dX/m P

dividing through by R;‘LU2 and defining H; = 3?/8-, s then

ci@. + 8, 9’_51 + @_.d_u(l—l.-+2> = Rmz—-R,z e ﬁﬁ.) + Twir < A25-17
dx R, dX U dx R, ZPUZ( pU

Equation A25-17 is the momentum inil:egral equation for the inner

wall boundary layer, it differs from the two-dimensional equation

viz. [ 40 + 8du(u+2)=

:l in the following respects:
ax U dx PU

(i) The influence of transverse curvature as given by the term

6, drR, and the redefining of the boundary layer parameters
R, d%

2 2
(ii) The inclusion of the term ( Rm =R, )....l._. (CiPJ) to take
2pU2Ndx /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,

C_’_e_o 4 eo(‘ﬂ_R_ + 9_0 du (H+2) = ROz"'R"3 (dp'r) + 'T.E° - A25-18

|
dx R, dx U dx R, 2pU*\dxlm  pu?

i)

8/
where [(1 R: 80=j(1—2_)9_5_di2, 8?H‘:'zo 80
g/ U R

ENERGY INTEGRAL EQUATICN

Expanding é( Rua) + .i ( Ruzv) we obtain
dX oR

R 3u?du + uPdR + RU*IV 41 Rv 2udu + uly = B(Ru3)+a(Ruv>
ax X R 2R oX

A25-19
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- UAR 4+ RAU + V+ R DV - g
From Eqn. 1A25 9 3x 3% 3R
3 2 2 2
IR + RUPAU 4+ u'v +RUPQY - o -
5 3% = A25=20

Substituting in Eqgn. A25-19

[a %]

é( Ru?) + _Q(Ruz\!) = 2RuU?OU + 2Ruv du

2ru (udu +v_5)
ox OR X

ox OR o R

Using this result in conjunction with Egn. A25-7 we obtain

é( RU®) + 3 (Ru’v) = -2Ru 3P 4+ 2u J(RT) - A25-21
X oR P ox P OR
Substituting for %B from Eqn., A25-14
X
2(RY) + 3 (rRiPV)= 2ru Udy - 2RU(C’_ET) +2u O(RT) 4o o
dx 3R d x P Vdx/m ° IR
Expanding _a__(RUzu) + _a_(RUZV) = RU*Ju + Ru2UdU + V*uor ,
X IR % dx dx
2 2
RV2U U 4 RU 2V
U'v + o + = - A25-25
From Egne. A25-9
DU dR + RUZJu 4+ UPv + RUV . o,
X ox% dR
Subst. in Eqn. A25-23, and noting that JU . O,
' AR
Then o ((RUW) + 3 (RU) = 2Ru U - A25-24
A% aR o %

Subtracting Eqn, A25-22 frop Eqn., A25-24 gives

R R

Consider again the inner wall boundary layer.

Integrating
Egqn. AZ25=-15 we obtain:
Rin R=Rm Rm R
d [ u(utrdr + [re(02a)] - (48 fggudR - g[ u d(r 1) dr
dx R R=R, P dxm I dR
] Rl R.
Rm

*%

2

defaining 8; = f _q( 1—(3) )E dR  and introducing boundary conditions
u U R

]
we obtain

Rm

d TFR,U38?“} = Cn(tﬁ) - 2nj u d(RT) 4r -~ A25-26
dx l m R dr

P
Rm
where Q, = f 2T Ru dR ZTTRiUl:RmZ_R.z._C?T} - 5-16-6

R;
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The corresponding two~dimensional form of the energy equation is:

d[ﬁ“:Qc\P-zJu - -
4 (v’8) T du A25-27

m P

wL

Expanding Eqn. A25-27 and, noling that Q = LJ(5-5*) gives
)
u¥ds”+ 8%3u%du - z_g(s_a,*)(q_a) - 2 7dudy
dx dx dx /m £ dy

)
or d87 . _2_(8—8}“)(@;) - }_J T 3(Bay -
dx puz dX/m pU? dy

The term gj T d(u) dy = Cgo» the disspation coefficient.
2
s PU* oy

Expanding Eqne A25-26 in a similar manner gives

i)

§ dU  A25-28
U dx

Rm
d5 Re2 ~RZ 5:‘ (@T) - 24( n d R; pU)dR 33 du _5 dQ.
dx PU -——-———apl dx /e 10 __—dR U dx R dx
- A25-29

and for the outer wall boundary layer

R

4]

é‘_?:*.___ 2 ROZ_RmZ__a: kdﬁ') —ngd(RoPU)dR 38 du._S dR
d pU2 2R, dx U

ar u dx Ro dX

Ren
- A25-30

TURBULENT FORM OF MOMENTUM INTEGRAL EQUATION

The turbulent form of the Navier-Stokes equations after

(85)

suitable averaging with respect to time is given by Goldstein

. (86)
and Chaturvedi
udy +Vvaou - -} aP+y{a2u +

du - (uV) = 2 —2) aYL
o X IR pax :l (U

{
OrR* R 3R AR % R

- A25=3]
and neglecting viscous terms in the 'R!' direction

B_E_A(v)-—a(uv) v'* - A25-32
oR SR R

using gimilar arguments to those outlined in the previous section

0.= 13p - 3 (V) - IV
% 3R S s UV - am
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also the term > (L'V') is at least one order magnitude smaller

X
than the term ji('gﬂj and will consequently be suppressed. Eqne

OR
A25-33 can then be integrated to give

v'¢= =P 1+ const. ~ A25-3L
Rearranging  Eqne. A25-31
J— 2
T T N b RY - AL IS R N i)
% JdRr P ax  ox ° ROR R R oR IR

The total shear stress is given by

= (-GTQ'-+ MoQu )

!
P oR P OR R
Luduosvdu oo -1 3P —A(U‘Z)'*.'_[IJrQI}
dx OR £ 3x X PLR R
UU +vdu = -1 P - (W) 4 1 I(RT) - K235
ax IR £ Ix X PR IR

The constant of integration in Eqn. A25-34 is determined by the

conditions at the edge of the layer (R = R,) thus

VEE = Pm +  Const. .. P &1+(;ﬁm?v
r PP
and L é_ = LAPn 4 3 (V8 -V - A25-36
P2 P ax X

Writing the Bernoulli Equation at R,
Tm m 2r->

__(?_PT) =1 Pm 4+ UQJY
P I/ p&x ax

Substituting in Egne. A25-36 we obtain
)

1P (APT) -V « 3 (VI -v?) - A95-
P ax  plax Sx g(( mo >-57
Egno .A25-11 for turbulent flow becomes

oP &
oX

d (RU* 2 = -
&( u%) +éTz(Ruv) - A25-38

R L 3(RT) — R (T?)
r P IR X

Subtracting Egns. AZ25-12 and A25-38 we obtain



o0

2 [Ru(U—u)} +c)_aR|iRV(U-—U)} =RuQU + R 3P

L2(RT)+ RO(TU”
- X dx P OX  pPIR ()

X%
Substituting for B_ _5_\? from Eqne. A25=37
r Ax
d | Ru(U- aRvU-] aUuUJrRaPT - RT
5;[ u u)]+a_§[ ( U) ( ) /a(ax) 5 5 3(RT) 4

—_2  — —
R Q( u' e vl -V'Z) - A25-39
ox
Eqne. A25~39 is the turbulent version of Egn. A25-15
Applying Egn..A25-39 to the inner wall boundary layer and

proceeding as before yields

Rm
de: + 8.dr, + 8, du(H +2) = Rm—R. \ (éﬁ) o Tor ¢+ d J(u?-*VZ‘V)RdR
dx R, dx U dx R, 2pUi\dx/,  pu? 02 dx Ri
R,
- A25-4L0

In view of possible errors in the turbulence measurements and the

large radius ratio (Rj), we may write, without incurring any
Ro

significant error;

L _df(u V' -V )RdR-l e (u + Vi, -—V'Z)dg
U d | Uzdx




Appendix 26

Computer Programme

Power Law Prediction Method



ool

¢ PRIGRAIME BASED ON POWER LAW VELOGITY PROFILE EQUATION

COMHMFNT**pREDICTIO oF BOUNDARY LAVER PROFYLES IN AN ANNULAR DIFFISER
CXXXXXTHIS PROGRAY STARTS WITH KHOWUN INLET CONPIYINNS AND CALCULATES THE

c VARTATION OF THF SHAPE PARAUMFTER UON INNFR AND QUTER UALLS IN A

c STEp BY STEp GALCULATION ALUNG THE LENGTH OF THE DIFFUSER
CAXUXAVARHTILGYXXXTIT 1S ASSUNFD THAT FULLY DFVYFLOPFD FLOY TS PRESENT AT

¢ DIFFUSER THLFT T.FE, 40 POTFHTIAL CORE EXISTS

CXXXXXINNER AND NiTER LAYIFRS ARE AMALYSFD GFPARATRELY ON THF ASSUMpPION

c THAT NN HFT MASS TRANSFER TAKES PLACF ., THE TNNER AMD OUTER LAYFRS
C ARE MATCHED Ay THE POSTTION OF HAXINUM VELORITY SINCF THE MaX.

c VELOCITY IH FACH LAYER HUST RE THE SaMF

DIMENSTAON Xe100),¥Y(100)Y,AC10,10), (Y, BPCAD)Y ,DENELCAN)
DIMEHSTION DFLYHOCSO) ,DISHOCSO) , CHGRAD(SD) ,DPTDX(S0) ,DELTHI(50)
DIMENSION DISHTIC(SOY,SHSTO(SM) ,CFO(50)Y,6RADPOC(EN),.GEQMPO(50)
DIMENSTIAN SHSTIC(R0),LET(S50) ., GRADPIC(HO)

DIMENSTUY ARA(Ku)Y, LSS0, CPACSOY  RITACS0)

DINENSTON AiPAACSO) ,DPTHA(SD)

DINENSTOH YACSO0Y , HoA{SOY, THETO(S0) . HTACSOY, THETTI(S50)Y,UMMAL{SD)
DIMENSTON F(10,10) V(D) ,DPTDXC(20) ,HAXING(20)

REAL LOS,LN8CNF

CXXXXXINPUT DATA

HAXEOC & nPrnpxC ARF THE VALUFS OF OUTFR WALL SHAPE PARAMFTER AMD
TOTAL PRESSUPE GRADIFNT AT THE POINT OF MAXIMUM VELOCTITY USFD 1Iu
THE CORRELATTAN OF THE EXPFRIMENTAL DATA

ROV~OUTFR VAL RADIUS AT TULFT(INMNS)

RIT=THNNER UaLr RADIUS AT INLFT(IMS)

RMI=RADING YF POINT OF MAXTHUN VFLOCITY AT INLET(FT/SEL)

HOY=A FUNGTINN OF Thr EXPOHENT OF QUTER WALL VELOGCITY PROFILE EON,
HIT=A FUNCTINY OF THRE FXPOUINT OF 1UNER WALL VFLOCITY PROFILF Eawn,
DROXN=-TAMGFNY 0F OQUTFR WALL ANGLE

DRDXT~TANGENT OF IYLPR WALL AWGLE

RHO~THLFT DFHgTITY (LR/CURIC FEET)

DX=STYEP LFNATH(THS)

PH=STIP CHANGF 14 SHAPE PARAMETER RyaQUIRED FOR ITERATION PROCEDURF
DRM=STFP TH PADIUS OF BROINT OF MAXI{IUM VELOCITY REQUIRED FOR
ITERATION PROCFDURE

DUNALLOWARIF DIFFERENCE BETUEEN UMAX CALCULATED FOR INHNER AND
NUTER LAYFRS AT AHY STATIOH

DH=ALLOUAGLF DIFFERENCE RETUFEN L,H.S8, & R.H.S. OF MOMENTUM EQN,
PST=TNLFT STATIN PRESSURFILB/SQIN)

FNUSKINFMATIO VISCOSITY(SOAFT/SES)

HHOT=Ma Ty vELoflry OF GUTFR LAYER AT ITHLETC(ET/SEL)

ST -UAXTHU VELOCITY OF IMHFR LAYEXR AT INLFT(FQUAL TO UMOT)FT/SECL
UALANOUTER JAILL ALGLF(DEGRFFS)

WALANI=TNMFR YALL AHGLF({DFOREFS)

XLINITTHFE AAXTIIUN RISTANCF ALONG THE LFNGTH OFf YHE NDIFFUSER TO
WHICH THF CALCUIATIONS PROCLED

DIFHPL=DTFFIISFR MNON-DIMENSTONAL LEMGTH

XYACTYINaqgTATION AT YuI1CH CALCULATIONS COMMENCGE

CPINT=IHITIAL VALUE OF CP, USYALLY ZFRO UNLESS CALCULATIONS START
NGl DAl N T ! " 5

OO ON OO0 O00



QOO ND

Lo

RMLOST=THITIAL TOTAL PRESSURF LOSS AT POINT OF HAXINUM VFLOCITY
(ZERO MULFSS CALCULATIONS START DPOUHSTREAM OF NIFFUSER INLET)
DPTHO-IHITIAL GRADIDNT OF TOTAL PRESSURE AT POIHT OF MAXIHMUM
VELOCITY (BASED OH GLUTER WALE LAYFR)

DPTHI=-IHITIAL GRADIEMT OF TOTAL PRESSURF AT POINT OF MAXIMUM
VELGQCITY (RASFEN ON INNER WALL LAYFR)

CODTO=~INTTLAL VALUE 0OF DISSTIPATION COFFFICIFNT (OUTER WALL LAYFR)
COTI=INITIAL YALUE QF DISSIPATION COFFFICIENY (INNER WALL LAYER)
G11G5:66,67-CnTROL CARDS

Crewd» ITERATION LIMITS

c
c

993

704
20

21
22
23
24
25
502
400

[ 3 ]

904

PUM=0,05 FT/SFL  (APPROX. 0.05%)
pM=Q, 001

READ(1,203) (uaAX10C(1),I1=1,12)

FORHAT (12Fr0_ 0

READ(1,003) (ppTnXCe1Y,I=21,12)
READCT, 20 RN ,Rr11, R

FGRBAT(RFO. DD

READCT, 21OHM ,HI1,DRDXO, DRDXIRRO
FORMATC(SED. N

READC1,22)D%, nH, DRT

FORUHATU(IFD., )

READCT,?23)Dh1M, pH

FORHAT(2F0.N)
READCT,24)Ps1,FnU, U0t ,UMTY
FORNATCAED. D
READ(1,25)YJAL ANU, WALANT L XLINET, DIFHDL
FORUAT(LED )
READCT,S02)XACTIN,CPINT , RNLOST,DPTNQ,DPTMI,CDY0,6D11
FORIAT(ZEN. D)

READ(Y,403)61,65,64,67

FORMAT (4R . NY

H=z0

CURVE FIT FAR CORRELATION OF FXPFRINFNTAL VALURS OF TOTAL PRESSURF
GRADIENT AT THF POINT OF HAXIHUH VELOCITY

N:U

nn 004 124 012

VEL N

YCIY=hpThLOe )
X(I)=HAXTION (1)

CALL CURVFFIT(N,X,Y,F.SE,V)

CAXXXKCALCULATION 0Of IMLET BOUNDARY LAYFR PARAMETERS ASSUIITHG POUFR LAW

C

VELOCITY PRAFI(FS

CAXAXXUARHTIHLGAXXXHOY R HI1 ARE RELATED TO THF EXPOMNENT OF THE VFLOCITY
c
¢
C

PROFILFE FolaTiny VIZz. 0.S¢H01~1.), THEY ARE NOT TO GBF QONFUSED
WITH THF GOUNNARY LAYER SHAPFE PARANITFRS CALCULATED FROIt THF
AXTSYNHL TRIE nEFTHITIONS OF BOUNDARY LAVER THICKNESS.

S e
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603
QUTER WALL ROHNDARY LAVYER

CALCULATION OF OUTER WALL NOMEHTUN THICKNESS {THETO}~IKS)
HPi=Cin1+1.377.
Hp2s(HN1+3.3/2.

HPZ=HP 1 »ilp?
HP3=HO &« (HOY+1 )

BY=1./Hp2

HP&= (3 «Ha1y=1.0)/2)
HP32HPA« C (3. «HO1I+1.0)/2.)
n2=1 /Hp3

BZ=p1~-p2

B3I=(RO1~-RH1Y /RO

R3I=pRZ2%n"
B4=(1. /0PI =1 /10T
RGE=(RIMT«R4Y /RO
THETOT1=(R4+ATYw (ROT~RIT)

CALCULATION OF OUTER WALL DISPLACEMFENT TRICKNESS (DLSTD1=IHS)

AT=prM1/7up1
AZ22(ROT=RHTY /HP?
AIRAT+AD

AZ=AZ/ a1

A= (ROT+RIIY /7 ¢2 . %«ROTY
ALGSAL=ATS
PLSTOT=AL+(r0D1=RrNT)

CALCULATION OF QUTER WALL RHFRGY YHICKNFSS (EHTHO1«INS)

AT=(ROT=RHYY %R

A2 (ROT=RIM Y2,

A=AV HoA

A2RA2/4pS

AZ=(AZ+ATY /001
ALZ((ROA*ROIIm (e MI*RIMT) I/ (2. RO
ENTHO12A4=D15TN1=AS

HRATO1=RATIN oF MEAH TO MAXIHMUH VELOSITY IN OQUTER LAVER
HBAROT=ullTER WALE J.L. SHAPE PARAMETFR BASED On AXISYNMETRIC
DEFINITIONS NE sOUDARY LAYER THICKMESS

UMNOAY=MrAH VELOCTITY TH OUTER LAYER(FT/SFL)

RENOT=RVYNOLDS HO, HASED ON MOMENTUR THICKNESS OF OUTER LAYER

TAUOT=0ITER 1AL SKIN FRICTINN COEFFICIFNT/2, RASED ON LUDUIEG AND

TILLMAN FnON.

CI=(2*ROM»DISTONY/ (RO 2 )= (RHTx%2 _))
HRATN =1 _=~(1

HBAROT=pLST M /TaFETNY

BMHOTSURATO # (1M1

RENOT=(HHOT « THRETOT Y/ (ENUX1? )

TAUOT=CD 12337010 %N 673+ HOTI)*(RENOTw*0.268))

ITNNER UALL #0gHDARY tLAYER

CALCULATION OF INNER WALL MOMENTUN THICKNESS (THFTI1=1NS)
HR1=(HTI1+1.)/).

HRZ2=2(H11+3 .Y /?

HRE=HRT «HR?
HRI=HIT«(HIt1+Y )



to4

HRO=HRA=( ({3 #«HT11)*1.0)/2.)
PT1=1./HR2

h2=1 /Hr3

n2Ep1=-n>

PIZ(RHMT1-RITY/ 1

N3I=p2*ny
DA=(T./HRIIw (I /U1

DG4S (RMTwDP4LY/RTN

THETU iw(h4a=nZyw(pHYI=R11)

o CALCULATYION Nf INNER WALL DISPLACENFNT THICKNESS (DLSTI!1=INS)

E1=RMT 74R1
F25(RUNT=«RINY/HR?
F35pi=p?

F3=E3/RrR11
FAR(RMIwRI1IY /(2. w011
E4=EAL-FT
DLSTI M =rb4x¢atiar1)

c CALCULATTION NF INHER WALL FJUFRGY THICKNESS (FHTHIV=INS)

E13(RHT=RIT) xnit

E23 (RN -RTYYwu? .

E15EY/Hrd

F2RF2/HRS

FIS(ET=E2)/R11

E43C(RMI*RMI Y%t 1))/ (2. «R11)
ENTHITard=Di1STI1-E3

c URATIT=-RATIN afF HEAd TO MAXIMUN VELOCTITY IN THNFR LAVYER

¢ HBARTITatM:Fa WALL B_t . SHAPE PARANETER BASED ON AXISYMMEYRIC

¢ DEFINITINKHS OF 30UNDARY LAYER THICKHESS

¢ UMNIYT=4eAM yrroctTY tH INNFR LAYERCFY/STE)

C PENIT=ReEYHNALDS un, BASED 0N HMOHNENTUI THILKNESS OF I NER LAYFR

¢ TAUIT=THNFR UALL SKIMN FRICTION COEFFICIFENT/2. (L.&T, EON,)

c PT=TOTAL PRESSURF AT POSITION OF MAXTHUN VELOCITY (ASSUHING

C CONSTANT STATIC PREGSURE ACROSS THE ANNULUS)

o PCF-STATIC pPuFSSUHRE RISE COEFFICIENT (SFT AT ZERO AT IHLET)
HRATITZ1 . «(? +rI4+DLSTY I/ ((RMI %2, )~ (RTT%%2.))
HBART1=pLSTI1/THETI
HENT I =URATT Y *Ui 11
RENIA=CUNII*#THrTIT) /CEHUSY2.)

TAUIY =00 123V /(10 w» (0. 6783+RIT)I*(RFNTT1#%(,263))
UMNZI= (MO« UMY /2.,

c CALCULATYION np rATIO OF MEAN T0O MAXIMUN VELOCITY (UHMAX)
HMMAX=Y D=2 sna1*BLSTOIY/C{ROT*ROT ) {RTIT*RITI V(2. *RIT*DLSTITY/ ((C

1ROVWROAI~(RIT=RI1))

C CALCULATINHN 0OF VELOCITY PROFILE FHERGY COEFFICIENT (ALPH)

ALPH=AT¢AR+Fi=r2
ALPH=(? «ALDHY/ ((RD1*ROY={RT1*RT1})
UHNAX=1 =« ¢ (ROJ=DLSTO1I+(RIT*DLSTIII) /(O . Sw((RO1+ROT)w (RI1#RT1I DY
ALPH=ALPH/Z Catrax«UNDAX«UMHAXY
ALPHINSALPH
VRITE(2,700YFHYHOY +ENTHIY ,ALPH
700 FORHAT(IFIN_ Ay
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RIINT=R14
ROINT=RO
HOINT=HRARDY
HIINT=HRART
THOINT=THF TN
THIINTETHETT
UHINT=UHN
RMINT=R111
XACT=XARTIN

CXXXXXCALCULATINH 0Of ROU'IDARY LAYER PARAMFTERS AT A STATION DUISTANCE b

c

FROM IHLFT.

CXXXXXIT IS ASSUMED THAT KO NET ""ASS TRANSFER TAKES PLACE BETWFEN THE

3OO0

PO ICICI IO

¢
¢

LAYERS. THITTALLY IT IS ALSO ASSUHMED THATY THE nanlus OF THF
POSTITION NF MHAX. VELOCITY REMAINS UNALTFRED. TWIS ASSUMPYION WILL
LEAD TO A& NIFFFRFHOE TN THE MAX. VYELOCITY CALCULATED FOR INYUER AND
NDUTECR LAYERS AND IN ORDER TO SATISFY THE CONDITION THAT UMOR=sUMY?
THE RADIUS 0F THF POSITION OF NMAX. VFLOCITY (RHM2) IS ADJUSTED
RO2-0UTER WAL wADIUS AT X+DX
RIZ-THHNER UalL cADIUS AT X+D¥
HOZ A FUHNCTION of THF EXPOUEMT OF THF VFLOCIYY PROFILE EQUATION
IT IS THITEALLY SET AT THE IMLFT VA|UE
HPT=FXPMENT 0f VELOCITY PROFILE EQH
RHZ2~RADIUS 1F pOSITINN OF MAXTMUIY VELOCITY INITYIALLY SET AT INLET
VALUF
UUEEU ARF 1ISFp FOR COUNTING THE NO, OF ITERATIONS
10 XACT=XACT+hY

TFOXACTY=XLT 11TY402.8,8

402 CONTINUR
ROZ=RO1+DRDXNeDX
RIC=RIT+DADYT*NYX
HOZ2=HD1
RMZ2 =R

1000 oy=0

300 eu=0

XXXXXCALCULATION OF OQUTER WALL ROQUHDARY LAYFR PARAMBTFERS AT X+DX

THETN2=0UTER qALL NOMENTUH THICKNESS

1 HPT=(HN2+1.3/? .
HP2=(HO2+%,)/2.
HPZ2=HP1«Hp?
HP3=HO2=(HOP+1 )
HPA=({ (3, «H12y=1 0)/2,)
HPS=HP4«{( (% #«HO2)+1 0Y/2.)
81%9./Hp?

8221 /Hp%

B2=p1-n?
f3=(RAP2-ANPY/R0O2
R3=p3xnp

RAZCY . /HPTY =1 _701002)
RAS(RMH2«R4) /ROD
THETO?={B4(+8T3)# (ROC=RN2)

DLSTOZ2«0UTFR HALL ODISPLACENENT THICKNESS
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7500
7501
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A=pn2/up1
AZ=(RQZ2=-RU2Y /P2
A3SAT+AD

A3=A%/R0?
AL=(ROZ«RU?Y /(2. wROD)
AGSAL-ATS

DLSTOZ2EALw (ROPwRMD)

FNTHOZ=0UTER wALL ENERGY THICKNESS

ATS(RO24RH2Y W N2

AZB(ROP=RI2I*w? .

AT=AY/HPA

A2=AZ2/HES

A3 (A2+¢A1Y /002
AGE(IROP*RAOZ ) (RH2*RNH2)) /(2. %RO2)
ENTHOZ2mA4«D1STAPAS

URATOZ=RATIN 0F MEAKN TN MAX, VELOCITY IN OUTER LAYER
DTHXO=RATE nF CHAHGE OF MONCHNTUN THICKNFESS IN OUTER LAYER
UHO2=NAX, VYFIQCITY IN QUTER LAYER AT X+DX CALCULATED FROM
CONTIHNUTITY FOV.

DUMDXO=RATF OF CHANGFE OF MAXTHUN VELOGTITY IN OUTER LAYER
UMNOZ2=MEAN VFIOGTITY IN OUTFR LAYER

TAUQZ2=0UTER YALL SKIN PFRICTION COEFFICIFNT/2., ¢L.& T, EOND
TAUOX-YEAY nUTFR WALL SKIN FRICTION COFFRIGLENT
HBAROZ=nUTER UYALL BOUNDARY LAYLR SHAPF PARAHETFER

C13(2.#02%«n18TY02)/ ((RO2#*2 Y~ {RM2¥*x2 1))
URATN2=1 . ~C1

DTHXO=(THETN2-THFTN1) /DX

HHOZ2=(C(RNDT« 2 Y= {RH1#+ 2 3 * URATOTHHUMOT Y/ ({(ROP % %2 )= {RM2&x2 ) Yl
1AT702)

DUMDXO=(UN02=11101) /DY

UMNG2=HRATO? «11M0}2

RENQ2= (U2« THFTO2) / (ENU%12,)

TAUG22(0 . 123074010 % (0. 670+«HO2))» (REND2«%0,268))
CE20=2 . «TAlln?

TAVUOX=(TAUDTIsTAUNR2) /2.,

HBARD?2=NnI,4TI2/THFTO?
GRADPXaTHRET M« ((DUNMDXO0+ (HBARDT+2,)Y) /UMD
GEOMPA=THET M« (ORDXO/ZROYY

SUBROUTINF r0r CALCULATING NORMAL STRESS TERM

TF(G1.Fo.1.6ya0 TO 7500
DDELTAaDLSTA?-NhLETNY
DDELPX=aDFLTA/DX

REYSCO=N N T4A5« (HRARO?=1,0)*DNELDX
60 TO 7501

REYSCO=a.0

CONTIHNUR

npTpX0=d 0

CALCULATrtIoN 0f ToTAL PRESSUREF LOSS FROI TEST DATA

TF{(G5.F0.1.0Y60 7O 7505

n=HRARO?

DPTDXO=VCIY V(P23 aD+Y(3) 2 Dex ) d VLA v Dk 3 e V(BIwn(Duwl) 4V (B)+(DHeg)
14VIZY el pwex @Y+ u (RN (Dun?)a V(DY x(DexB)
DHYRAU={((RNP+RO2)I=(RNZ2*RN2IY/RAZ2I %P,




[ M)

C
¢
¢
C
¢
c

6802
7505

136

XAAX

137

500

607

NPTPXOa=NpPYNXn/OHYRAU
BRITF(2.6302ynprnXN
FORHAT(PX,F10_64)
CONTINDY

CALCULATION OF nYSSIPATION COEFFICIENT DUE TO GOLDBERG

PSOGDNCTHETAYanUMDXOY /UHD

COECPP=1 =(25600000, 0« (PSGON»*3) )= {100.0x4p§GNNY
REHOI= (MO« THETOT) /LENU*12,)

CDFpuEd 01427 (aEn0Y % e _1467)

cpRQL=Cnfp*anEanp

PCOPX=(H 0034 (ALEAL-CDT0))/THETO

DED=PENPX*DY

CR20=CN10+BED

tb=ghen

CALCULATION 0F TOTAL PRESSHURE GRADIINT TERHM IN MOMENTUN EQN (BASED
ON OUTER AL CALC'HLATIONS)

IF(G6.FO_1.0M)60 TO 136
NPTHN2a(L(RNOP*ROPI=(RHZ*RH2)Y/RO2)*DPTOXN*D . 25
60 TO 4137

DRPTNO=0 O

npToX=0.0

DHLHS=LFFT WAdh SIDE OF MONENTUN FQN. (AUTER WaALL)

XIF THE ANRR&CT FRPAGENT OF THF YFLOGITY PROFILE FON. HAS BEEN
ASSUMED DILLYS HTLL HE 2ERO OR WITHIN THE LINITS SPECIFIED BY DM
TF DHLHS 1S oUYSINE YHE SPECIFIEND LIMITS THEN & NEU VALUE OF
FXPONDNT IS FSTIMATED AND THE CALCULATION REPEATED UNTIL DHMLHS
COMES YrrYHTY 1 1HETS

DMLHS=DTHYN« THFTOT* ((DRDXO/ROII+(DUHNXO* (HBARO1+2 ., ))/UMO1)}=TAUOX =D
1PTHO=RFEVSEN

PPTDXR=nPTHYN

WRITF(2,800ymn s, Hu?2, HBAROZ2,DPTHO I RFYSCO

FORMAT(SF10.4)

CXXXXXREITFPATION PROCED!RE TO Fldn CORRECT EXPONENT QF OUTER WALL

¢

80

83

8h

85
81

86

VELOCITY PRATYILFE EQH.

EU=1., +F1)
FVR[)=2
1F(FVv) R0, 81,81
ST=ABRS{nitLHS)
EESEN T
TF(s2)2.2,8%
S3I=HMLHS
CRROR=DIL HS D1y
S4THNZ
TECLRKORYAL, 2,85
HUZ=HO?+nH

50 70 1
HOZ2=HO?2=nH

GO TO 1
STFARS(hHI HSY
52551-n1
1F(5212,2,84
S5243-0"1t HS
S65HOZ2=4




e o

co8

87755/%4
S8=53/87
HOZ2=Sheqd
GO 10 14

CXXXXXCALCULATION OF INMER WALL BOUNDARY LAYER PARAMETERS AT X+DX

¢ TU=USRED FAR CoUMTIHNG THE NO, OF ITERATIONS
C THEFT2-TNNER UALL TOMENTUN THICKNESS
2 HIZ=HI
TU=0

3 HRI=(HIZ2+1 .3/,
HRE=(HIP+3_y/D.
HRZ=HR1+«HR2
HRI=HIZ2% NI +1 )

HR&=( (3. «H12)y=1.0)/72.)
HRI=HBR4&»( ((F.+HI2)+1.0)/2,)
P1=1./4u?

ne=1. /43

N2=np1=-n2

DIS(RN2=RI?2Y /P12

D3=pl«n3

D& /HRYY =ty /HIZ)
NE=(RI2«NAYIQYD

THEYT 122 (N4~n3 Y w(RIIZ~RIZ)

c PLSTI2=-TNHER JALL DISPLACEMENT THICKNESS

E1=prNM2 /1R
F2ZR(RN2~RIZY/URP
£3=2r1=-FD

F3=L3/R12
E4=(RHP+RI2Y /(P .«R12)
FOUZFL~FT
DLSTTZ2urbh % (2H2wp12)

¢ ENTHI?=1HHNER YALL ELERGY THICKNESS

E1S(RU2~RTI2Y+p11D
F2Z(RUI2aRTIP?)Y+w?
E1=L1/HR4
FZXF2/Hn%
F38(F1=r2) /R |
FA4T((RMP#RM2Ya(RT2¥%11T2))/ (2. *R12) ‘
FNTHIZ2=F4=D1STI?2-E3

URATIZ=RATIOD nF MEAN TO MAX. VELOCITY IN INHER LAYER
DTHXT-RATE F £YANGE OF MODENTUN THICKNFSS tN TNNER LAYER
UMIZ2-1AL. MFINCITY IN THMNER LAYER AT X+DX CALCHLATED FROM
CONTIHUITY RaN,

OO0

URATTI 221, =(2 wRI2+«NDLSTI2Y/C(RH2 %2, )m(RTI2%%2.))
DTYHXT=2(THETTI?2=THETI1Y/ DX

UMI2=2 (ORI T %42 )= (RET# %2 )Y *URATTI*UMIY) 7 (C(RM2%x w2 ) m{RI2*¢2 )Y wUR
TATI2)

¢ DUNDXI=RATE OF CHANGE OF MAXTMUM VELOGCITY IN INNER LAYER




OO

[ ¥ o ]

<O

7506
7507

138

139
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NMHI?=MEAN yFEOGTTY YN INNER LAYER
TAUIZ2=1dtler UatL SKIH FRICTION COEFFICIENT/?2. (L. & T.EQN)
HBARIZ=IMNHFR 1JALL BOUNDARY LAYER SWAPE PARAHETFR

DUMDXIa¢IHiI2-1m14) /X

UMNI2=URATI2%1IMT D

RENI?=(UMTIP+THETI2) /CENDR12 )

TAULI?=(0 12307 €10 »w (D, 67A%HI2))*{RENI?ww%0.268))
CF2I=2.%«TAlUY?

TAUIX=(TAUTA+TAILI2) /2,

HBARIZ=DISTI?2/THETIZ
GRADPYSTHFTT 1+ ¢ (pUNLYI*(HBARTIYI+2.))Y/UMI)

CALCULATION OF DISSIPATION COFFFICIENT USING THE CORRELATION DUE
TU GOLDRERG

PSGPN=(THETI I +humBXIY/UNTA

CDECDP=7 . =(25000000,0%(PSGDHN*#3))=(400.0+PSGDNY
RENIV=CUNT T« THETIN) 7(ENU*12.)

CPFp=0 0112/ (RPN T %N 16647)

ChEQl =CnFpxchEONP
DCODX=(0_ 002w (rOFQL=-CDYIYY/THETI

DCO=DCDNX*DY

CD2I=Cn1T+00CN

CDI=CD2y

SUBROUTINF FOR CALCULATING HORMAL STRESS TERM

TF(G1.ra.1.960 TO 7508
DDELTA=NILSTI2unLsTT
DDELDXsDhIrtYAsDY
REYSCI=i_ 03454 (HBARIZ2=1.0)=DDELDX
GO TO 7507

REYSCI=0_)

CONTINYr

CALCULATINN OF TOTAL PRESSURF GRABIENT TERM 1Y MOMENTUM EGN (BASED
ON THE oUTEr tJALL VALUFE OF THE TOTAL PRESSURE GRADIENT)

1IF(G6.En.1.960 TO 138
DPTHIZ2=(C(RY2«RM2)=(RI2*RI2)V/RI2)*OPTDXO0%0.25

GU TO 430

nPTlI!:Q 3]

DMLHT=LFET MAND SIDC OF MOD'ENTUM FQH. (INNER VALLS

DHLHTZDTHX T+ THRTIA* ((DRDXTI/RII) +(DUNDXI % (HRARIA+2,))/UHI 1) =TAUIX D

1PTMI=RFYS(CY

WRITF(2.500) 01 HT,HI2,HRARI2,DPTHI  REYSEL

CXXXXX“AML ProOCED IRF AS DUTLINFD IN OUTFR WALL CALCUtATION FOR BALANCING

c

INN{R UALL tOMENTUIY RQY,

CXXXXXPEITFRATION PRACEDYURE TO FIND CORRECT EXPONENT OF INNER WALL

c

180

VELOCITYY pRAFYIF EON,

TUST , +T1)

TVETU=2
TFCTVIIR0, 181,189
STEABS (DM HTY
S2=s51-nyy
TF(52)4,4,13%
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183 §3=pMLHT
FRRIRZDHLHT w0}y
‘ S4=HT2 |
TFLERRIRITBL, 4,185 |
184 HIZ2=HIP+DY |
! 60 TN 3 |
185 HIZ=HI?2-pH
60 TO 3
181 S1=ABS(BMIHT)
§2=51~0H4
1FCS2VL, 4,196
186 S5=53-n1LuT
SE=HT2and
§7=55/¢%4
§8=63/g7
HIZ:Q(&-!-QR
GO 10 3

CXXXXXHAVING soiven tiHE HOHENTUN EoUATIONS THE VALUEe OF MAXY., VELNCITY
FOR THF TUO LAYFRS ARE COMPARFD. IF THFY ARE THE SAME OR WITHIN
THE 1IM17TS SPFATFICD RY pUNY THFH THFE CORRELT VALUE OF THE POSITION
OF HAXLIHNN VFINCITY(RH?)Y HAS BFEN ASQUMED, IF TYHE DIFFERENCE IN
VELOCTYY (UM H]Y 18 QUTSIDE THE SPECIEIFD LINITS THEY A NFUW VALUE
OF RM2 1S FSTIMaTED AND THE CALCULATIONS REPFATED UNTIL (UMLHS)
COMES WITHINY 1 1nITS.,

[y XeNeNeNelsl

& CONTINUF
UMLHS=UNN2« 1D
WRITIF(2,500)Y10H02, 0112, UNLHS, RH2
501 FORHAT(I0X.4F12.6)

CXXXXXPEITEVATTION DROCEDURE TO FIND CORRECT VALUE OF mM2

U=+
UVRUU=?
IFCuv)24n,291, 2581
280 TISARSCUHLIHY)
T2=7T1~-Diy
TF(T2)4,6,723%
283 TI=UNLHSg
FRRERZUILHS =D
Té=2pM2
IF (FRRFRY 7284,6,205
234 pPHZ2=2PIP+nuM
GO TO 300
285 RM2=RN?-nnpH
G TO %N
281 TI=ABS N HG)Y
T2=71-nn
1F(T2)4.6,?2364
286 THERTIpnILNS
T6=Rf12-74
T?ETS/ T
TE=T3/77
RHZ=T4aTR
GO 1O 3ud

CXXXXXTF (UMLHSY 18 WITHIN LINITS THEN THE CALCULATIANS AT (X+DX) ARE




bll

c COMPELTYL AHD At L THL DATA OBTAINED AT (X+DX) 1§ RE=-SPECIFIER TO
¢ BECOMI THF DATA AT INLET TO THE NEXT STFP

6 CONTINUF
HHMAXET =~ ((ROPwnESTOH2)#(RI?*DLSTIZ) ) /(0. 5% ((RO2#RO2)m(RIZ*RI2)))
FNGRAX=S ., «FuTHO2+DUNDXO/UNT 1
AREARO=((n022r02)~{RI2*RT12)) /11,
UMEAN?2=UNNAY «HHO?
UMEANT =t FAN? s ARFARO
ALPH=A1+AZ+E1 wE?
ALPHE(? *ALDHY/((RNP#RO2I={(RIZ*R12))
ALPH=ALPH/ COHMAX « UL AX « UMHAX)
WRITE(2, 700)FNTHOZ2 / EMTHIZ,ALPH

¢ CALCULATION DF (0SS COEFFICILENT

ARMLOSCarMI NS T ABSCCDPTRXR*IMIO2%UMOZ«DX) / (UMEANT wiMEANTY)
RMLOST=rMLOSE

Cren®xUARNTHG TF CAICUILATION DOES NOT CONMENCF AT X=20.0 THEN THE
¢ INITYAL VALUF afF P HUST BF THE INEAL VALUF SO THAT UHEN THE INIT!
¢ INITIAL 0SS GOFFF IS SURTRACTFD THE ACTUAL CP 1S OBTAIKED

IF(G6.Fn 1.0Y60 TO 73’7
GO TO T34

387 aMLousC=0 0

386 CONTINUF
CPSCPIMTHCCCHMINT*URINT) = (UHO2#UMNZ) Y/ (UMEANT*UNEANTY I =RMLOSC
CPIDI=1 047=-(atpH/(AREARO*ARFEAROD))
LOSCOF=cPINi =P

CrexvxSTORAGE OF vAIHES AT (X+nX) PRIOR TO THESE VALUES AFCOMING THE
Cruxw v INITIAL CONNTITIONS TO THE HNEXT STEP

Mz=M4+1

HELR
ALPHAC(TY=ALPH
RHA (T ) =nHn?
DPTHA(TIY=NRTHN
cpA(1)=acp

LS (1)Y= Ngne
ARACT ) ZARFAQO
HMHACI Y =11t
THETI (1 y=THETT?
HIACT) sHBART D
THETO(1Y=THETO?
HOACT )Y =)RARD?
XAC(T)axACT
DELTHOCIY=FYTHND
ENGRAD(IVY=FuGRAY
NPTDX(TYaDPTRYR
DELTHICTIY=FNTHT?
SHSTO(TYy=RrFYSOO
CFO(IdcrE20
GRADPO(1Y=GRADDYX
GEOHPI (1Y aGEMpYK
SHSTI(IY=RFYS&NT
CFI(¢I)anF21
GRApPI(1Y=GrADDY
DISHI(TII=rnT
nISHO(TY=rD
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URITF(2.AP0VXACT  ARFARD, HRAROZ2 ' THETU? HRARLI?,THETI2,UNM02,CP,ALPH
120 FORMAT (17X, FA 2, 1%t FA. 22X e FS. 23X F6.3,3X F643+2X,F6.3/1X%,FB.3,4¥
1, FO.3,3%, k6. 5
9 DIFI=3 5-«1RARAD
TF(PIFIIB.R, 1

CxxawxPEVISEND THLFT CONDITIONS TO NEXT STFP

11 HOY=HN?
HIT=H]?
piil=rN?2
ROT=RQ?
RI1=R12
O =M P
UutiT1=0vy2
THETO Y =2THET?
pPLSTOY=nLRTN?
HRATOT=HRATN?
HBARNDT = RARY?
UMROY =102
RENOTsRIHND
TAUDT=TAHO?
THETU1=THFT1?
PDLSTIT=nLsTI?
INRATTI=24RATI?
HBARIT=HBART?2
BHH 1T =uUnNT 2
RENIT=RFNI?
TAUTT=TANE?
ENTHY TxssiTHT?
FNTHO T = THA?
DPTHI=NPTHI?
npTHN=naTHO?
cDir=Cn21
cblo=Cnon
NRM=RN2 T4
GO 1O 10

B roHTINII

Cr+x*xpRINT OUT O0F RFSULTS

WRITEC(2.94M1)
141 FORDAT(1HM)
|JRITF(?.1&'55)
145 FORBAT(// )
WRITE(2.1n0)
100 FORNAT(IOX, 42HPRFDICTION QF ANNULAR NDIFFUSER PERFORNMANCE)
URITrHr (2,101
101 FORMAT (/13X 18HDIFFUSER GEONETRY )
URITELP?,A10OPYUAL ANDUALANT
102 FORMAT(/18%,19HUALL ANGLFS. OUTER=,F?7.3,1X,OHDEGREES ++OHINHERD,F6
1.341%X:218DFGUFES)Y
UWRITEC2,1033yrNINT,RITHT
103 FORLAT(IAN1O4TILET RADIY, OUTER=,F3.2,1X,6HING, +,6HINAER=,FS5,.2,1
1X RTINS )
WRITF{(2,104YNTFHuDL
106 FORMAT (18X, 25HDIFFISER NON DINENSIONAL=,E85.1)
URITF(2,108 y¥arTIN
105 FORNRT(/AIX,ASHINLET COUNITIONS C(CALCULATIONS COMMENCE AY X=,F6.%,
11X e5HING Y)Y
URITF (2,106 HatHT,MIINT
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106 FORNET(/1RX,?QUSHARE PARAMFTERS., NUTFR WALL=,F&4.3,1X,YT1THINNFR WALL
1=1F6.3)
URITF(2,107YTHOINT  THITINT
107 FORMATCA8X, 3THNOMENTUN THICKNESS, OUTER WALLS/F6.3,1%,0HINS. »11HIN
TMER WALIS,F4 §,1%,3HTHS)
URITE(2,1u8yury10T
108 FUORHMAT (18X A7HHAYINUMN VELOCITY=, FR.3,1X,4HFT/SELD)Y
URITF(?2.100yRaT1UT
109 FORNART (18X, 5O0HRADIUS OF POSITION OF MAXIMUM VEILOCITYR,F6.3,1X4HIN
19./ 0
WRITE(2,8924)
8926 FORHAT (/18%X,53HNnIST HO THETA Mt THETA UHEAN AREA LOSS
1 Cp,oH RMAX)
URITF{2,A627)
8927 FORHRT(10%,51Hy OUTER INNER UHAX RATIO COEFF,
114H 1HS)
no 8922 1at.n
8922 URITI(2,8923IXAC(I) ,HOACT) , THETOCTI) ,HTIACT) , THETI (1), UNMMALTY ,ARACT)
1, LOSCIY,0PACTY ,RHACEY JALPHACTY DPTHALTY
8923 FORHAT(17erq,?:1X!F5.211XJF6.3r1XIFS-2r1X:F6.3:?X)F6.3r1XtFS-2;?X
VoFO 3 2% FA.3, 24, FO,.3,0%, F6_3,2X,F8.5)
WRITF(2,110)
110 FORMAT(/1AX,49H(FOR ADDITIONAL BOUNDARY LAYER DATA SEE OVFRLEAF)Y)
URITF(2.,14%)
WRITE(?2,445%)
WRITF(2,140)
1640 FORMAT (5%, 4PHPREDICTION OF ANNULAR DIFFUSER PERFORHANGE)
URITF(2,111%
111 FORHAT(/ANX.IPH(ADDITIONAL BOUHDARY LAYER DATAY)
URITE(2,112)
112 FORNMATC/3SX, ?3HTHEORFTICAL ASSUNPTIONS)
WRITFC(2,114)
114 FORMAT(/35X, 2ANVELOCTITY PROFILE =~ POWFR LAW)
WRITF(2,11%)
115 FOURIATU(RSX, 4nHSKIN FRICTION COEFFICIENT = LUDWIEG & TILLMANY)
IF(6T En.1.0Y60 YO 156
URITEC(2.121)
121 FORMAT(ASX,454FSTINATE OF REYNOLDS [IORMAL STREGSES INGLUDED)
GO TO 150
156 rONTINOE
URITF(2.119
149 FORHATCTISX, 4OHRSTINATE OF REVHOLOS MNORHMAL STREGSES 407 INCLUDED)Y
150 rONTIHUF
127 YFC(GS5.F0 1.uvan TO 129
URITF(2,128%)
128 FORMAT /35X, 51HTOTAL PRESSURE LOSS INCLUDED (EXpERIMENTAL RESULTS)Y)
129 1FlGa.EFa.1.0)60 TO 157
G0 TO A/70
157 CONTIHUF
URITE(2.,1780)
130 FORMAT (35X, 32HTOTAL PRESSURE LOSS NOT INCLUDED)
829 CONTINUE
IF(G7.E8n,1.M60 10 4089
WRITE (2,808
3988 FORNAT (359X, »0HTOTAL PRESSURE LOSS lHCLUDED (SHFAR STRESS GRADIENT
TAT RMAXY)
8989 rOoMNTINUY
137 URITF(2.172)
132 FAORMAT(SX, 49uM0 NET MASS TRAHSFFR RFTWFEN INNFR & QUTER LAVERS)
WRITF (2,133
133 FURMAT(35%.17upn PATENTIAL CORE/)
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URITE(2,892R)

8928 FORMAT(/5X,20dDI8T NEL*% DpISPH, DEL** DISPN,
18,.5.¢0, nF N.s.C. )
URITF(2,A9?23)

892¢9 FORHAT(AY . Q34X OUTER tbo THNER Cp1 ou
1TER Tl TNNFR INHERY

pO 8924 1=1.N0
8024 URITF(2,R02853¢¥ACCT),DELTHOCIY . DISHOCTY ,ENGRADCY) ,DPTOX (L) ,DELTHI(Y

Y DISHICT) ,HSTOCY) ,CFRCT) ,GRADPO(CI),GFOMPOCTY, SHSTICI),CFICT), GRrA
20RICT)
8925 FORNAT(AX RS 2, 1% PO 3 e X F?2 41X F7. 6% B2, A F6. 341X F?.4,1Y,
1F7 b I FA S, X F2 b 1 FB S, AKX F70 b, 1%, F8, 5, 1%, F7.4)
6O TO 701
5T0p
FND

EUD OF SLGMENT, LEMGTH 2378, NANE R204




6i5

SUBROUTINE CURVEFIT(M X/Y1A/82,2)
PINCHSTON X003, Y0100, A¢10,10), 58U ¢(31),8UNY¢10),2¢(%)
[gWe=0
[s4z=D
NCAST S=1
LAST=43
DO 175 1CASKE=1,HCASES
URITE(?2.1)
1 FORNATC1HY)
70 suUMy¢ty=0._
SUMX (2 =0,
SUNX(3)y=0,
SUMY (1Yy=0,
sUNY(2Y=0,
PO OO0 1=1,81
CX=XN(IY
CYy=sy(ly
SUNX (1Y=six¢1y+,
SUMX (2Y=SUNYPYenX
SUNX(TY=SUHY (Y + X *EX
SUMY (1Y =8y 1y ey
Q0 SUMY(2YaSUHVY2Y4+rX*(CY
NORD=1
21 1L=NQRD+1
KK=L+1
po 101 1=1,1
DO 1”-‘] RE&IPRT
TIK3J=1+1
100 ACL, U=t 1K)y
101 ACL,EKy=siMy (1Y
po 1“0 =21,
ACKK, [Y==1.
KKK=T1+1
DO 110 Jg=kKK, ke
110 A(KK,J)=0,
C=1./A(1JI)
PO 1271 11=2,¥KK
DO 127 J=KKK,. KK
120 ACT I Y =2ACT T 0) =AY ) wALTT, 1) %
DO 140 11=1,1
DO 140 a=KKL. kK
$220
PO 164 Jynt1,y
YJEY ()
XJd=x I
8120,
SIRST+a¢1.K)
DO 150 121,080
150 ST2ST+A(T+1,¥YxXIHw]
160 S2TS2+(6TaV s
IF (T5W2Y 141,161,103
167 IF (NORD=LASTY 171:,1463,171
163 URITO(2,402 1 y800,82
WRITF {2,140
ng 164 1=21,1
Jela1
2CLy=A1, 8Ky
164 WRITI (2,1030uY0,AaCT/K¥)
TF (1SU3)Y 145,165,167
165 1F (NORND=LASTY 171:167,171
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167 URITIL(?2,1100
no 160 Taf, N
5120,
ST=ACT, )
PO 168 t=1,4nnh
168 ST381+AC T+, KK %X () ww
32y (])-91
169 URITEC(2,10409%CTY YC1) 31,83
IF (HOuD=TASTY 174:173,173
171 NORp=HNRD +1
J=2+H0un
SUMX(JYy=0.
SUNK(J+1 =0,
SUMycilaorn+1y=n
DO 172 1=1.4
CX=X(D)
CYSY(D)
SUMNCIY=SHNY (Y + 0N w ¢ Jm1)
SUNX I+ 1) S0t (Ja1) 40N ax]
172 SUNYHORD+t Y=gy ClORD+ 1Y+ CY# CX % NORD
GO TGO 21
173 rONTYHUF
1030 FORMAT(1X1T.5%E20.3)
1020 FORNAT(1XAHARNFER = 173,5X204NFAN SQUARE FRROR 3 F42.47/7)
1000 FORHATCAN HAY 10X11MCOEFFICIENT/ /)
1100 FORUAY (12X 1 HXAONIHY16XSHYCALCI9XSHERROR)
1040 FORNATCAXAFR20.0)
RETURN
sT70p
END

END OF SEGMENT, LFRMNGTH 726, NAME CURVEFIT



Appendix 27

Theoretical Bounday Layer Growth

Power law Prediction Method



V7

.- L - TABLE A27-1

S ’ 0, PNE.
PREDICTION OF ANNULAR DIFFUSER PERFORMANCE
DIFFUSER GEOMFTRY.

WALL ANGLES. OUTER= 10,000 NEGREES ,INNERa 0,000 DEGREES
INLET RADII. OUTER= 6.00 INS. ,INNER= 5,00 INS.
DYFFUSER NON pIMENSIONAL= §.0

INLET CONDITIONS (CALCULATIONS COMMENCE AT X= 0.000 INS.)
SHAPE PARAMETFRS. OUTER WALt= 1,304 INNER WALL= 1.281
MOMFNTUM THICKNESS. OUTFR WaLL=m 0.049 INS.INHER WALL= 0.080 INg

MAXIMUM VELOCTITY= 140.000 FT/SEC
RADIUS QOF POSITION OF MAXIMUM VELOCITY= 5.500 INS.

DIST Ho THETA HI THETA UMEAN AREA L0ss cp RMAX
X OUfFR INNER UMAX RATIO COEFrF INS
0.25 1.34 0 054 1.31 0.055 0.861 1.05 0.000 0.086 5.522
0 50 1.37 0 060 1.34 0,061 0.850 1.10 0.002 0.160 5.545
3.75 1.40 0 065 4.37 0.0647 0.838 1,15 0.003 6.223 $.847
. VY00 1,44 0 071 4.40 0.073 0.826 1,20 0.004 0.282 5.890
i 1.25 1.48 0.077 4.43 0.080 0.814 1.24 0.00s8 0.332 5.612
1.50 1.52 Q.082 1.47 0.086 0.801 1.29 0.006 0.376 5.634
1.75 1.%7 0,083 1.50 0.062 0.789 1.35 0.007 0.613 5.656
2 00 1.6% 0.094 1.54 0.099 0.776 1.40 6.009 0.449 5.67¢
.. 2.25 1,46 0 099 41,58 0.410% 0.763 1,45 0.011 0..480 5.700
250 1.71 0.105 4,61 0.112 0.750 1.50 0.012 0.507 $.722
275 1.76 0.111 1.65 0.418 0.737 1.55 0.0%¢ 0.531 8.744
3.00 1.82 0.%16 1,69 0.124 0.724 1.60 0.01¢ 0.552 5.765
3.25 1.88 0.121 1,74 0.4130 0.711 1,658 0.017 0.872 5.786
L 3.50 1.94 0 127 1.78 0,136 0.699 1,71 0.01¢ 6.589 5.807
3.75 2.00 0 932 1,82 0.142 0.636 1.76 0.024 6.6064 5.827
& 00 2,07 0 137 1.856 0.147 0.673 1.81 0.023 0.618 5.847
B 425 2.6 0,141 4.90 0.952 0.660 1.87 0.0258 0.430 5.847
6.50 2,22 0 146 4.94 0.157 0.648 1.92 0.027 0.641 5.885
6.7 2,29 0 150 1.98 0.962 0.635 45,98 0.029 0.450 5.904
500 2.38 J.185 2.02 0.147 0.623 2.03 0.032 0.658 5.921

(FOR ADDITIONAL BOUNDARY LAYER DATA SEE OVERLEAF)




bIST

0,25
0.5¢0
0.75
1.00
1.25
1.50
1.75
2,00
2.25
2.50
2,75
3.00
.25
3.50
3.75
4,00
bL,25
4,50
L.75
5.00

DELww
QUTER
0.094
0.105
0.114
0.123
0.132
0.140
0.149
0.157
0.1446
0.174
0.182
0.189
0.196
0.204
0.210
0.217
0.22%
0.229
0.234
0.239

DYSPN,

DO OO0 OO0 DOoOOoO0OOODO

eno

0028

L0026
.G045
L0054

3062

L0069
.0076
.0na

0046

.01091
0094

0097

L0100
L0902
L0103

3104

L0905

0106
0106

L0106

.0393
.0%86
.0330
.0372
.0358
L0345
L0333
.0319
L0304
.023¢
L0273
.0258
L0240
.02i6

TABLE A27-2

0, PNE.
PREDICTION OF ANNULAR DIFFUSER PERFORMANCE

(ADDITIONAL BOUNDARY LAYER DATA)

THEORETICAL ASSUMPTIONS

VELOCITY PROFILE = POWER LAW
SKIN FRICTION COEFFICIENT « LUDWIEG & YILLMANN

FSTIMATE OF REYNOLDS NORMAL STRESSES INCtUDED
TOTAL PRESSURE LOSS INCLUDED (EXPERIMENTAL RESULTS)
NO NET MASS TRANSFER BETWEEN INNER & OUTFR LAYERS

NO POTENTIAL CORE

gg[da] DELw*
PUtAX ), INNER
-0.0048 0.09%
=0 0053 0.109
=0.0057 0.149
=0.0062 0.129
0. 00867 0.139
-0.0071 0.149
-0.0075 0.158
=().0078 0.168
-0.0082 0.178
~0_ 0085 0.188
=0. 0087 0.197
=0.0090 0.206
«0.0091 0.215
-0.0093 0.223
=0 0094 0,234
=0 0094 0.239
=0.00%4 0.246
«0.0094 0.233
-0.0006 0.260
) 0093 0.2486

DISPN.
cot
0.0029
0.0040
0.0049
0.0058
0.0067
0.0074
0.0031
0.0088
0.0093
0.0098
0.0102
0.0106
0._0%0%9
0.0%1%1
0.0113
0.0194
0.0115
0.0145
0.0116
0.0%116

N.S.C.
OUTER

0.0004
0.0005
0.0006
0.0007
0.0008
0.0009
0.0010
0.0012
0.0014
0.0015
0.0017
0.0019
0.0029
0.0024
0.0027
0.0030
0.0033
0.0037
0.0060
0.0046

OO DO D DOOOODTIOOOOO OO

g
QUTER
.00335
.00313
. 00292
.00272
.00252
.00234
.00216
.00200
.00183
.00148
.00954
.00140
.00127
.00115
.00104
.00093
.00084
.00074
.00066
.00058

8o (Ho*2)dU
U dx

r0.

=0

0.
(.,
o)
.0453
0.
=0,
={0.
0.
0.
0.
-
-0‘
=0,
=0.

=0

0

~{).
w()_
-0,

0249
0226
0233
0244
0249

02558
0256
0258
0260
0257
0253
0254
0246
0241
0234
0227
020
0211
0194

OO0 OO0 ODO OO OOOo0O

o dRe
R,dx

.00144
.00158
.00173
.00187
.00202
L0027
.00232
.00266
.00240
.00274
.00288
.00301
.00313
.00325
.00337
.00348
.60359
.00369
.00379
.00387

N.§.C.
INNER

0.0004
0.0005
0,0003
0.0006
0.0007
0.0008
6.0009
0.0011
0.0011
0.0013
0.0014
0.0013
0.0017
0.0018
0.001%
0.0020
0.0022
0.0022
0.0023
0.0023

CF
INNER
0.00343
0,00322
0.00301
0.00282
0.00263
0.00245
0.00229
0.00213
0.00198
0.00184
0.00171
0.00158
0.00147
0.00136
0.00126
0.00117
0.00108
0.00101
0.00093
0.00087

(H.+2)Q§’_L_}

U dx
«0,0222
»(,0230
w0,0240
=0,0246
=0,0254
«0,0260
w(,0265
«0,026%
=0,0265
w(,0267
n(,0267
=0,0261
0,0260
-0,0251
»0,024%
=0,0238
=0 0234
w(,0220
=0,021%
=0,0197%

319




SHAPS PARAMFYFRC. OUTFR UALI= 1.304 INNFR WALI= 1 28%

AM1ELTUR THICKNESS. ONTER WAIY= 0 049 INS IMNFR WALL=z 0 050 INg
TAMITHUM VELOCTTVYS 40 000 FT/SEC

RADTUS OF POSTTION OF MAXIMUM VELOCTTY= 5 500 INS.

nereT Ho THETA H? THETA UMEAN AREA i0S8S co RMAX
¥ ONTER INKER UMAY RATIOQ COoFEFe INS
0ns?
108
153
19?7
236
272
07
t26
: T¥A
380
L1 4
437
L58
475
492
5N9
524
538
550
542
573
583
€03
ANE
A1
419
A26
431
A38
bbb

25 1.33%3 3 082
50 1.35 (0 (Ré
75 1,37 0 Nau
0 .40 63
S 1.4? u 0A7?
50 4,48 g a7
T8 1.47 0 07
an 1,50 ¢ 079
2% 1.5%

.30 0 054
.22 0.058
LNa2
0664
N70
Q74
. 078
JN&D
0R6
061
. 0Ys
(41age)
1:3
a7
111
%15
17,9
123
127
131
.138
1359
i R
Y6
A
153
L1384
160
A3
MEA

619
|
|
TABLE A27-3

- = _ 0, PNE. o
S PREDICTION OF ANNULAR DIFFUSER PERFORMANCE

. DYFFUSER GEONFTRY
JALL ANGLFS. nUTEr= 6,650 PrGRFFS ,INNER= 0,000 DEGREES
’ IHLEC RABTI OUTER= & OO0 INS. .INNER= 5 00 INS, )
) DYFFUSER NON DIMENSIOMAL=z 7.8 ’
© IMIEY COuRITIONS (CALCULATIONS COMMENCE AT X= 0.000 INS )
L8685 1 0% .002
.R5? 004
.84L9 .00s
.R44 .00?
009
R
.01
01z
018
.017
.07
018
.02
ne2
02z
02¢
024
027
0le
N3
033
. 038
034
034
037
n3e
044
L0643
064
.04s

.518
.50
.54k
.840
.57¢
8RO
&N
LA1G
.6%4L
,6[\8
.BAT
.677
682
704
.70
.73
L7LR
.TA2
e
.7en
. 805
.R1a
LR
YA
LY
.B48
CRA?
LRQA
.en?
.18

0é
10
13
16
219
23
26
20
37
36
39
43
46

=

.34
.36
.38
A
L2
LS
A
.56
.52
.54
57
. RQ
.62
Y
.67
.69
.7e
.75
.78
L BA
.83
L85
L AR
on
.63
.08
.99
L0t

I

.833%
.R2H
.816
808
JBagn
. 791
7?83
.775
. 766
.757
P49 L9
LT 5%
.?732 % 56
724 1 6D
715 1 63
1

v TRE
57 1.546 ¢ Q8&o
75 4,80 G (Gy
1 1.672 L 004
25 1.5 ¢ 003
50 .68 G 1M
?5 1,77 4 rs
tno .75 4 1ng
25 1.7 112
50 1,82 Q) 116
75 1.8 ¢ 119
Mot.en g 123
5 1.94 G 120
50 9,98 4 *24
75 2.0% 4 133

Go2.07 g 17y
5% 2.1?7 U 139

B I R . i S S N N S ST SR 0

.47
L&909
661

67
70
74

LR R R R, RNV IRE NV, RV Y. BV BT, RV, V. NV Y. RV Y. BV T RT W]

LAA2 77

674 81
K46 84

"
4
1
1
A58 1 38
1
1
1
2

Sn 2,14 1 143
TS 2.21 U 145 92
; es
U 06
}

ne

.450

642
.h34
626

.h 2,25
?5  2.3n
SN 2,34

© 148
151
184

"ﬂ‘d'\.‘l&ﬂ*d\d‘\mu‘.kﬂmbt‘F“{-\WVJ\NLNN-\JNN-’—"-"“-—"C-C.J:
T T T e O O T A o
"D:‘):a)D’DDDDDDQDD‘DJDDD’JQDDDQDJ

ODDODD:")‘.‘DODDQ‘DDDDD‘DD'DDDDDD‘DODQ
"3’33~333:30’903'303*3’3&33\3'33DQOIDDOOO
3‘39393333’)3933\33DD'D'JDDDDD33399

UL IRV T, Y, RV IV BV |

(FAR ADDITIONAL HOUNDARY LAVEP DATA SFE OVERLEAF)




0, PNE

-

PREDICTION OF ANNULAR DIFFUSER PERFORMANCE
(ADDITIONAL BOUNDARY LAYER DATA) ‘

THEORETICAL ASSUMPTIONS

VELUCITY PROFIIE « POWRR LAY

eKIN FRICTION COEFEBICIENT = (UDWIEG & TI)LMANN

cATIMATE OF REYNOLNDS NORMAL STRFSSES INQILUDED

TOTAI PRFESSURE tN08s INCLUDED (FXCERIMENTAL RFSULTS)Y

NO HET NASS TePANSEFR BRIWEFM INNFR & OQUTFER | AYERS

MO RNTENTTAI CORFE

DIST DOFLx%* DYSDN, 348"du _g_[dg] pEL*x DISPN, N.S.C, Cr (Ho+2)0edU 8, dR, N.S.C. CF (H,+2)8du
X NYTER ono Udx U |dx Ju TNNER cDY QUTER OUTER uds R dx INNER INNER U dx
0,256 0 093 4,40 Q wg 0251 =G Ga46 O .96 A 0022 0.0603 0 00343 =0 0145 0.00095 0.0002 0.00350 «0,0149
P SO  0.06Q L, 072% -0 025% -y G040 0. 403 0 0026 0.0003  0.00327 =0 0148 0.00101 0.0003 0.n0335 -0,0150
D.75 0405 o 0hih =0 07536 =G G083 0 100 0 Nn29  0.N003  n,00312 -0 0152 §.n0108 0.0003 N.00320 =1,0155
1.00 N Aq% 1y gnIf = uP25% =4 0HOV5& O 4146 0.0032 0.0004 O _O0298 =n 0156 0.0014L4 000046 0,.003056 =0.0760
1.25 0 497 ., unl? -0 w60 =0 (060 6 123 20035 0.0004 0_00284 - 0152 0 . n0121 0.0004 O 60292 «0,07164
1,50 0 423 1, 0035 =0 U261 =0 (963 0 12¢ 0.0038 0.00N05 0 00270 -0 2142 0.00128 0.00046 0_90279 -0,0168
A75 6 420 ., On%8 =y 0272 =y 0066 0.13¢ N.0041  0N.0005 0_00257 =0 0172 0.00134 0,0005 0, 00467 =-0,0166
2.00 0,135 . puan =g 0256 =4 L0 0 142 0 NAA3 00006 000244 =g 0164 0. 0014 0.0008 0.00255 =0,0174
2.25 N 140, 06?2 =4 0750 =0 G072 0 149 0 0046 D.N006 N 00232 w0 069 0. 00147 0.0008 0 00243 «0,0177
2.5¢ N.446 5 (fah =0 G257 =y 0076 0 154 0_0048 0 0007 0.00221 =0 0170 0.02153 0.0006 0,.00232 ~0,0180
2.75 0 182 0 (646 =y 0263 =0 GAT7 N 142 0.0030 0.0073 A 00209 =0 0177 0.00160 0D.00N6 H_ 00421 =0.0176
300 N_458 4 0wl =0 U201 =0 UOT9  0.148 D.0081T 0 0008 0 00498 =n 0178 0.06N1A6 0.0007 0.002%11 =0,0173
325 0. 183 , (Va0 =y (230 ¢ 0082 0175 0.00R3 0 A0N9 0 00187 -0 0166 0.00173  0,.0008 0 0040% «0,01835
3.50 N_440 4y (0L =0 (252 =y 0084 0 181 N.0085 00010 0 00176 =0 0178 0.00479 0.0003 0.00192 -0,0178
T.75 0 174 4 082 =0 0260 =4 ONBA 0 1R?  N_0056 0.0010 0.N0164 -0 0178 0.00185 0_0008 0.N0183 =0.0179
L.0G N 170, 033 =g 0244 =0 0N87 0 103 0. 00S7 0.,.00%% 0.00157 =0 0177 0.00191 0.0009 O N0174 =0,0180
4,25 0 134 4§ DOHS =0 GR3R =0 LOHC 0 199 0.0059 0.0C012 0 00148 ~0 0176 0.00196 0.0010 0,.00166 -n,0180
4.5 N 180 1 4An5 =g 0232 =0 0NUL 0 205 0_0060 0.0013 4 00139 =0 0175 0 00202 0.0010 0.00158 «0.0181
6.75 0 104 O G054 =g 0226 =0 09G4 0 211 0.0061 0.00%4 n.00131 -0 0173 9.00207 0.0011 0.00615% =0,0131
5 .00 0 108 { 6OR7 = 0220 =g 2092 0 297 0.0G62 00014 000123 =0 0471 0_.0n213 0.00%1  0.120143 -0,0789
5.25 0 2a3 ¢ LOBR =0 OGR294 =) 093 0 222 0 0042 0.N015 000116 =0 0168 0.n0218 0.0012 0.n0136 -0,0180
§5.84 h 207 1 fioss =i (PU7 =u 0063 0 228 0.0063 0.0016 0.N0108 =0 0146 0.00223 N_0013 0.00129 =0,0180
5.75 0 247 4 (A2 e GPUb =0 0794 0 233 0 ONE3 0.0019 D.0010% ~0 0167 0.00227 0.0012 0.00124 =0,0160
.00 N 2nd 1 080 =n 0207 =y (3AGA 0 238 0_N064 N_0C20 0.00094 =0 0170 0.00232 0.0012 0.00118 =0.0%60
A.25 N_220 4 (A58 =4 04U0 =0 (004 0 242 0 0064 0 0022 0 00087 «n 01466 0.90237 0D_0013 0 00113 -0, 0150
6.50 n 224 Hhan =4 0190 w0 GRAG4 0 247 0_006&4 0 N323 0.00081 =0 0162 0. 00262 0.0013 0.00108 =0,01538
6.75 D PPR . Geon =0 H182 =) (G99A 0,252 0_0064 D029 0.00076 -0 0158 0.00244 D _0016 0.001G2 -0,0173
7,06 N 2%% 7, n06n =0 0165 =y LG4 0 2587 A 0NES  0_N023  0.00071 -0 0146 000259 0,0017 0,.00097 -0, 0172
7.25 0 235 ., Gfeh =0 0175 =0 0093 0.261 0_0DAS 0.N028 Nn.00065 -0 0156 0.00253 0.Nn013 0_00093 -0,0142
7.50 0H_230 ., (aph =0 G106 =0 G002 0 265 0 0H0AS 0 0030 N 00060 -0 0151 0. 00257 0.np14&  0_00089 «0,0141

029




62l

TABLE A27-5

- 0, PNE
PPEDLIFTION OF ANNUtAR DIFFUSER PERFORMANCE

~ DIFFUSER GFOIETRY

WALE ANGLI®ES nUTEr= 5,000 DFGRFFS ,1NNfFR= 0.000 DEGRFES
TMEE, RADTY o0UTEe= 6 00 TN, ,INNER= 5 00 INe.
DYFFJUSER MNOMN DIMENSIOUAL= 10 0

THIET CONRITLANS ¢CALCULATIONS COMMENCE AT X= 0.000 INS )

SHADF PARANFTFRS. QUTFR WALI= 1. 304 THNNER WALI= 1,281
WOMFuTUN THYCKNESS. OBUTER UAil= 0.049 INS IHNFR UALL=2 0 080 NS
MANTHUM vELOCTTY= 140G 000 FT/SEC

CRADYIS OF POSTTION OF MAXTIMUM VELNCITYS 5 500 INS

h1gT Ho THETA KT THE A UMFAN ARPFA LOSS Cp RMAY
M UUTER TANFR UMAX PATIO COEFE INS
% 850 1.,3% 0 uS4 1.31% 0 0SS 0.862 1 0S8 n n014 N n8&3 §.52%
T8 1,37 G 059 434 0.061 ¢.850 1 10 0.005 N 156 §.845
1 50 1.40 0 D45 437 0047 0_.R38 1 14 0 0064 n 220 §.547
200 1,46 0 070 VLD D073 0,827 1 19 0,000 0 275 §.5R0
2 80 1.4R 0 276 1.4L3 0 Q&0 0.815 1 24 o 017 n 223 5.412
35200 1,52 0 082 4.46 N_0RE 06.803 1 29 n.01% n.Th? 5.64%%
380 1,54 ) IR? 41 .80 D 02 0.791 1 34 0.048 0 L06 5.48A
B & U0 1.60 0 ve3 1,53 0,093 n.?279 1 39 0 017 0 440 5.677
4 50 1.65 0 098 1_87 0 10é nN.767 1 L& 0 019 0 471 5.65%9
S uh 1,60 U iGe 1. 60 0_414 0_755 1 4% n.n22 n L98] 5.724
5 50 1,76 0 €9 4 64 N 147 0 743 4 58 n n2s 0 521 8 743
N 4 30 1,790 O 114 1,68 n_10% 0 731 % 6D n . 027 0_543 5.74%
A 50 1,34 O 49 .71 N o409 6.712 1 65 0.028 n 544 5.7R84
7 40 1.,p0 u 25 4,75 0.134 0,768 1 70 0.030 n 582 5.RN7
7 80 1.95% 9 135 4,79 0 140 D.496 1 764 n.032 0 593 5.R>2%
) "8 G0 2,040 ¢ 134 1,83 0146 0. 484 1 81 n D34 noAte §5.RL2
& 80 2,07 9 139 1 87 0,454 0.473 1 86 0 037 n.62l § . RAQ
.0 2.4% 0 443 A.61 n_157 046?192 D.04n n &35 §.800
BN 2 10§ L 1,94 N s 0.6%1 1 97 N Nk 0 ALT §.008
M p 2.26 L 182 1,98 0.1466 0.430 2 02 0 047 0,457 §.927

trok ADDITIONAL BOUNDARY LAVER DATA SFE OVERLFAF)




TABLE A27-6

0, PNE
PREDTICTION OF ANNULAR DIFFUSFER PERFORMANCE
(ADDJTIONAL BOUNDARY LAYER DATA)
THEORETYCAL ASSUMPTIONS

VELUMITY PROEItF =~ POWFR LAWY

cktTHN FRICTION COEFRFICIFNT = JUDWIEG & TIILMANN
ESTIMATE OF RFYNOLDS NORMAL STPFESSES INCILUDED

TOTAI PRFSQURE 1088 INCLUDED (FXPERIMENTAL RESULTS)
MO NPT MASS TRANSFER BFTWEREN INNFR & OUTYFR {AYERS
NO POTENTTA} CORE

DIST Dris+ DYSPN 354U jL[d&] NFiL*« DISAN. N S.C. Ce (He+2) 80U 8,dR, N.S.C. CF (H,+2)8,dy
X OUTER  ARD U dx PUYdx ln TNNFP oD QUTER DUTER Udx  Rdx INNER INNER U dx
0.50 N A06 L, (070 =0 G1%E =0 1 47 0 499 0 AN22 00002 0.00337 -0 910 0.000717 0.0002 0.Nn0343 =0,0112
1.00 N 104 0 Ond3 =g UAG2 =0 052 0.0 D_0026 00002 0_00375 -0 110 0.00078 0n_0002 0.90321 =0,0115
1,8 N 4aT 0 (nl? ey U2 =0 490587 potie 0029 00003 0.00294 -0 9148 0_nn085 0.00NnT 0 _0Q301 «0.9117
2.00 14,122 & 10/0 =p Q497 =y 0062 g 12¢ 0 0N32 0. 0003 0.00274 -0 0149 0 0N0%2  0.0003 0.00482 ~0,0124
2.50 n 13" 0 032 =g 0210 =0 Ov0d 0 138 N 0035 0.0004 0.00255 -0 0123 0.00100 0,0004 0.00264 -0,0129
.00 0 1390 4 uns4 =g 0206 =0 GA7N 0 148 00037 0.0004 0,00237 =0 0130 0 00107 00,0004 0_00£47 «0,0130
3.50 0 148 o (o6 =0 0242 =0 0o?& 0 15 0 0039 0.N0005 0.00220 =0 0151 0.00114  0.0004 0.0023% -0,0133
L .00 NH.4546 u DG38 =0 0P2un =y 0977 0 Y47 0 0Q41 0_N00& D 00204 =0 0132 0.00127 N,.0005 00,0021 =0,0n136
4_50 0. 16h  C on0LA = 0197 =) 00gh O 7?7 N 0042 0, 0006 0 _0D488 -0 0136 0.00128 00,0005 0 00401 -0, 01359
5.60 0 177 et mp 0203 =) NB2 g 186 O0_N0AA 00007 0.001474 =a 0134 0 n0135 0.N006 0.00188 =0,0141
§.50 N 130 o+ pL? e (G400 =GN35 0 195 0 A4S 0 NOD8 N NN0461 =0 0134 0 00141 0.0007 N.00175 =0,0143
6.00 A 437 . (0a3 =0 D184 <0 G037 0,205 0 N04L6  0H.00N8 0 N0148 w0 0134 000147 0.0007 0.00163 =0,0144
6.50 0 gl v oafwd =0 (193 =0 2089 0 213 0 0047 00009 0 00134 =0 0144 0 00153 00,0008 2.00153 =0,0%39
7.660 0_20% . fhaS =0 NASR =0 0060 o 222 0 0043 0 0011 0.00125% =0 0135 0 n0159  0.00n8 0.0014¢ =0, 0140
7.50 0 208 « L0ab mn 0172 ey 0097 0 2% 0.0049  0.0011 0.00414 =0_ 0134 0. nN165  0.000% 0.00133 =0, 0140
B.06 0 Pah o ogheb =i G165 =0 0092 0 232 00 0049 0.0G12 0 00104 =0 0131 0.00170 0.0010 H.00124 =0,0140
8.50¢ N_N21 1 nngd =u 1SR =u 9A92  .24s 0 0050 0.0014 0.00095 -n 0129 0 00175 0.0010 0.00115 =0, 0140
Q.00 N.224 o nuba =6 0151 =0 3097 0. 284 0 A0S50 0 N015  n_00n8& =0 0124 0 N0TRO B.0011 N_.00107 =0,06139
9. .50 N.2%7 1 o0LAL? =g U230 =0 4092 0 260 0 0H50 0.N017 0.00n77 -0 0135 0.00185 0.0010 0.00101 =0,0125
NLGO N 238 1 (A7 =0 0145 o0 A0U2 5 267 N NG5) 0 0019 0 NONEY <6 0126 0 a01Q0  0.0011 0.00095 -0,.0124

229




623

TABLE A27-7

0.75, PNE
_ PREDICTION OF ANNULAR DIFRUSER PERFORMANCE

T DIFRUSER GENHETRY

WALL ANGI®S O0OUTEs= 10,000 DFGREES ,INNFR= 0,000 DEGRFFS
(HIFT RADYI  nUTeEr= 6 13 THS L, TNNPR= 5,00 INs.
DYFFISER HOM NIMENSTOMAL= 5§ O

TULET CONNITIONS ¢CALCULATIONS COMMENCE AT X= 0.730 INS »

GHADPL PARAHFTRRe. QUTER WALI= 1.485 INNFR WALI= 1,307

THAMELTUN THICKNESS. QUTER MAtL= 0.073 INS INHFR WALL= 0 049 INS
AAXTMUM VFELOCT Y= 137 400 FT/SEC
CRADTUS OF POSTTTION OF MAXIMUM VELOCITY= 5 355 INS,

BIST Hn THETA K1 THETA UMEAN AREA L.OSS o RMAX
¥ OuTFR INNFR UMAX RATIO COEFe INS
1 00 1.53 0 078 1.43 0,075  0H.806 1 19 0.034 n 232 5.576
1 28 1.%R 0 GRS 1.46 0_NARD 0.793 1 24 0 034 0 281 §5.607
180 1.8% 0 ey 1,80 0 DRA n.?79 5 29 n_Q37 n 326 5.618
4+ 7R 4,68 0 967 1,53 n_0u2 0.766 1 34 0 039 n %62 £5.6%8
2.0 4.74 9 1p2 4.57 0 _00QR 0.752 1 39 0. 04 0 X906 5.65%9
2 28 1.8n Q "n8 AL A0 D104 n.738 1 44 0.n4T n 425 5.678
2 50 1,87 ¢ 194 1. 64 0 1.9 n.725 1 50 0. n4Ls n 451 5.498
2 785 4.43 0 420, 4.68 0 445 0.711 1 55 0 048 0 474 5.716
300 2.06% 2 125 4,71 0,420 0.697 1 60 N o0sSn 0 494 §.735
325 2.48 0 %31 1.75 0,125 0.683 1 65 0,052 0 511 8,787
Y80 2.14 U 30 1.78 0n_13n 0.A70 4 79 n_ 054 n 527 5.770
3 P8 2,25 v LT 4.B2 0,134 n.&856 1 764 n.0s? n 841 5.785
) Loon 2.3% 0 "h6 A, 85 0 43R 0.&42 81 n néon 0 553 5.R00
L 785 2.46 2 80 1, P& N 442 N_429 1 87 0. 06 i RAZ 5.845
6 &h 2.%% O 185 4.01 0.145 0.616 * 92 0,068 n 872 5. 827
L 8 2.5 0 89 1 .03 0,148 0.6u% 1 97 nh_n68 0 580 5.839
5 o0 2,78 0 &3 1.95 0 151 0.590 2 03 n_071 n 586 S.RLR

CEnp ADDITIONAL BOUNDA®Y LAYER DATA SFE OVERLFAF)




DIST

WP RN WHEWNINMN RN S 23

L0
.25
.51
.75
.00
.25
.58
.75
00

50

.75
SO0
.25

56

.75
.

Deble*
MITER

DD OO

P Jro e B

A3
43

152
160
169
177
185

.197%
.200

2u7

.214
.20

276
231
237

.242

246

DTSPN.

I“i
]

)
N

tno

Ilr'l'+8
nhGé
IN63
Nnege
074
' Y9
I0AR7
l:ﬂ""’.s
HN&88
{080
nog 4
692
t o2
Y
gfe?
uhe?
yntG?

38"y
U

=
-
-
-ﬁ
-t}
-0
-1}
=y
-1}
=)
-
-(;
-—{}
-‘\
i)

-(2

ox
0423
Qhin
GAUR
(394
0387
374
U354
uldaz
2
(257
(267
(28?7
254
0ees
0271
4185
016R

TABLE A27-8

0.75,

PNE

PREDICTION OF ANNULAR DIFFUSFR PERFORMANCE

THEQOFETICAL ASSUMPTIONS

VELOFITY PRUFIIE =
FPICTION COEFFICIENT =~

SKIN

pONER LAW

CADDITINNAL BOUNDARY LAYFR DATA)

LUDWIEG & Ti1LMANN

ESTIMATE OF RFYNOLDS NORMAL STRESSES INCIUDFD

TOTA! PRFSSURE L0SS INCLUDFD (FXPERIMFNTAL RESULTS)

MO NET MASS TRANSFER BF(WEEN TNNFR R QUTER ) AYERS

NGO POTENTIAI CORE

L[d[—%] nELes DISPN. N.S.C, CF (Ho*2)0,dU  OodRe
PULdX | TNNER DT OUTER OUTFR Udx R, dx
-y UN78 0 %0 0 0042 0. 0009 0 00227 =0 0£€67 0.060209
-0 0080 0 1390 0. 008y 0_0011 0 00208 =0 0285 0 (0224
“ 084 0 14L& 0 0056 0.N313 0 00490 =u DE€K8 O 00240
g 9038 0 157 00042 0.0045 0.0047% =0 0268 0.00258%
3 G0%4 0 166 0.0087 Nn.N017 0.00157 =n 0268 0.00270
w1} AN9A 0 175 0_N071 0.0020 0 00442 -0 (0268 0 0nZ2Bé
-} GRY6 0 183 N NOP5  0.0022 0 00127 =0 0244 0 ._n0299
) M7 0,104 00077 0.N026 0.001146 =0 0260 0_n0312
-0 LOOR 0 19¢  N_B080  0.0(29 (.0010% =0.0¢53 0.00326
- D690 206 N_00R1T N.0034 0 00n8% =n 040 0. 00338
-3 099 0.213 0_00R3 0.007%7 0 00079 =p N238 o nn350
-0 0N9O o 2498 0 0083 0.0N043 N _00n69 =h 0&41 0 nN362
-t ANQR g 224 .0084 0 _NGL8 0 _00Nn59 =0 NZ21 4 _n0373
w) 0097 g 230 N_0984 0.0(082 0.00n5% =n 0€..8 0.0n333
- 0096 0 235 A_0084 0.0062 0 _N0044 =5 0198 0 nN03G2
() O5 p.230¢ 0.0084 0_0067 0.00037 -0 0180 0_00401
w0 N9 242 0 0083 0.007%  0._00031 =0 0168 0 004D

QD ODDDODOODDODDODIDO IO

P DDDD2ID2DDDDIDTIO DD DOIO

CF
INNER
.0026é
.00245

nnea29o
.00e13
L.00199

no184
.00173
.N0162
L0015
00142
.00133
.no125
L0018
Lot
.00104
.00101
.000%8

(Hi+2)0.9V

Udx
=0,0250
=0.0243
-0.0248
~0.0246
-0.0248
-0,0241
-0, 0247
-0,0232
-0,0731
-0,0215
-0.02%4
-0,0189
-0,0%87
-3.0185
-0.0155
-0.0153
-0,0123

Hveg -
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TABLE A27-9

'__ o T T ) 1.25, PHNE )

PREDIFTION OF ANNULAR DIFFUSER PERFORMANCE

JALL ANGLES. NUTER= 4.650 NDFGREES ,IMNER= 0,000 DEGRERS
INLET RADII. oUYER= 6.4% INS. ,INNER= 5.00 INS.
DIFFUSER NON DIMENSIONAL= 7.5

INLET COuUDITIONS (CALCULATIONS COMMENGE AT X= 1.250 INS.)
SHAPE PARAMETERE. OQUTER UALL= 1.501 INNRR WALL= 1,404
MOMENTUM THICKYNFSe., QUTER WALL= 0,074 INS.INNER WALL= 0.071 INS

MAXTIMUM YELNCYTY= 127.000 FT/SER
RADTUS OF POSTITION OF MAXIMUM VELOCITYE 5.566 INS.

DIST Ho THETA H1 THETA UMEAN AREA LOSS cp RMAX
X OUTHR INNER UMAX RATIO COEFE INS

h 1.80 1,8% 0.078 1.43 0.075 0.806 1.19 0.033 0.2%53 5.580
1.75 1.57 0._.082 1.45 0.079 0.797 1.23 0.034 0.2648 5.504
2.00 1.40 O0.088 1.47 0.08% 0,788 1.26 0.034 0.297 8.608
2.28 1.4% 0 Go) 1,49 0,086 0.779 1.29 0.038 0,325 §.421
2.50 1.67 0.0C4& 4.52 0.090 0.7717 1.33 0.040 0.149 5.6138
275 41,70 0 008 41.54 0,004 0.762 1.36 0.042 0.372 5.84%
300 1.74 0 102 4.56 0.098 0.?53 1.39 0.044 0.%%4 §.&42
3.25 1.78% 0 106 1.59 0.902 0.744 1.43 0.045 0.643 5.675%
3.50 1.42 0,110 1.61 0.106 0.735 1.46 0.047 0.431 5.680

~ I75% 1.6 0 113 1.63 0.109 0.7226 1,49 0.04¢0 0.447 5.702
4L 0o 1.91 0 117 1.66 0.113 0.717 1.53 0.051 0.463 5.714
& 25 4,095 ¢ 121 1.68% 0.116 0.708 1.56 0.052 0.478 §.726
L 50 2,00 0_124 1.70 0.120 0.700 4.60 0.054 0.491 5,738
L.7% 2.05 0 128 4.72 0.12%3 N0.691 1.63 0.056 0.503 5.750

_ . 5.60 2.10 0.131 1.75 0.126 0.68B2 1.67 0.058 0.513 5_742
5.25 2.15 0 135 1.77 0.129 0.473 1.70 0.060 0.524 5.773
5.56 2.21 (.13%8 1.79 0,432 0.665 1.74 0.062 0.533 5.784
5.75 2.26 0 141 $.81 0.135 0.656 1,77 0.06¢4 0.542 5.7904
.00 2,%2 0 444 1.83 0.138 0.447 1.81 0.066 0.549 S.R0S
6£.25 2.78 0 143 1.85 0.140 0.439 1.84 0.067 0.85°7 5.81¢4
6 50 2,45 0 181 .84 0H.143 0.630 1,88 0.069 0.58&4 §.822
6.75 2.51 0G_.154 1.88 0.145 0.6422 1.92 0.071 0.570 5.R31
7.00 2,58 0.186 1.90 0,147 0.614 1.95 0.074 0.575 .84
7?25 2.6% 0 189 1,91 0.%149 0.405 1.99% 0.074 0.s81 S.R4L7
7 50 2.73 0 162 1.92 0.150 0.597 =2.02 0.0764 0.585 B_R53

(FOR ADDITINNAL BNUNDARY LAYER DATA SEE QVERLFAF)

" DIFFUSER GENHFTRY. ) ]
|




TABLE A27-10

BIST

1.50
1.75
2.00
2.25
2,50
2.75
3.00
3.25
3.50
3.75
4.00
4,25
4,59
4,75
5,00
5.25
$.50
5.75
6.00
6,25
6.50
6.75
7.00
7.25
7.50

DELw®w
OUTER

DO OoCOODODDDIDDDIILODDDOIIOODD

=

134
A
L6
.151
L1857
L1477
L1638
73
. 179
184
L1809
.04
L1909

263

.208
217
.27
.¢21
L2758
.??8
L2372
L 256
. 239
L3247
. 2LA

NISPN.
o0

n023
D026
5079
0031
G034
.0 36
J038
0050
RIS
L0442
L0043
JNLR
G045
L0448
5047
OnA7
0.0043
0048
DI FAS
N04LO
I FAY
T ITA
(1049
G049
LN 4LO

T O OO OO0 DO DD OO0

O D D00

,Bé‘
U

-
=0,
=0,
L0264
-0_ l
L0254
“{0.
=),
-},
“U.
0738
=-(.
-0,
0.
=,
=,
=),
=0,
—{\_
L0171

-}

- "j

~{)

=}

) 3%
-1,

L0442

-(,

-

=,

“(.

ay“
dx

0260
0271
(i?208

(250

0255
0250
02463
(0236

0230
0222
0213
0204
G194
0194
0135
01758

0163
457

0149
01728

1.25, PNE

PREDICTION OF ANNULAR DIFFUSFR PERFORMANCE

CARDITIONAL BOUNDARY LAYER DATA)

THEORETICAL ASSUMPTIONS

VELOCITY PROFILE » POWER LAW

eXIN FRIGCTION COEFFICIENT = LUDWIEG & TILLMANN

FSTIMATE OF REVNOLDS NORMAL STRESSES INCLUDED
TOTAL PRESSURE LOSS INCLUDED (EXPERIMENTAL RESULTS)
MO NET MASS TRAHNSFER BETWEEN INNER & OUTFR LAYERS

NO POTENTIAL CORE

JQ_FE] NEL%*
PUdx Sy INNER
=3 0076 0.130
=3 _ QG799 0.136
=0 0082 0,147
=0 0G35 0,949
«)_(0G37 0,185
) 0690  0.161
-5 _0N92 D.166
=0 N3 0_17?
=0 0005 0,178
-0 0096 (.183
= 00697 0.189
(3 0N%8 0,194
=0 _00N%9 0.999
=), 0390 0,204
«(0 3029 0.208
0 0G99 0,213
=0 009¢ 0,217
=0.00%92 . 221
-0 098 0.2°5
=G P8 (.278
) 0697 0.232
Q. 0094 0,235
=3 0095 0.2%8
=0 3095 0.241%
-0 0004 0,243

P

DO DOV ODIDODLIOIIIDODO DD

ISPN,
col

.0021
.0024
L0026
.0629
L0031
L0033
L0035
L0037
.N038
.N040
L0041
L0042
L0042
L0043
0044
L0045
L0045
.0045
0046
L0046
L0046
L0046
0346
L0046
L0046

N.S.C.
QUTER

0.0007
0.0007
0.0008
0.0009
0.0009
0.0010
0.0011
0.0012
0.0013
0.0014
0.0016
0.0017
0.0019
0.0020
0.0021
0.0025
0.0026
0.0028
0.0029
0.0034
0.0036
0.0038
0.0040
0.0046
0.0049

Cr
OUTER
0.00230
0.00217
0.00204
.00193
.00181
L0170
.001460
.00149
.00140
.00131
.00121
.00413
.00404
.00097
.00090
.00082
.00075
.00069
.00083
.00057
.00052
.00047
.00042
.00038
.000%4

OO OO0 OO0 ODDOOODOD

(Ho+ 2) §odV
U dx
w{}
i)
"},
~{.
w{).
.0180
0.
-0'
(.
L0179
=0).
i),
-0..
~0.0174
0169

=0

=

={)

-|0~'
=0,
=) .
~Q.
'
=0,
=-{.
-Oﬂ
w(),
(.

0175
0179
0180
0131
0181

0184
0184
0182

n183
0181
0177

0166
0168
0463
0157
0156
0152
0144
0137
0147
0129

R
R, dx

.00141
.00148
.00155
.00162
.00168
.00175
L0018
.00187
.00194
00199
.00205
L0021
.00217
L09222
.00227
.00232
.00238
.00243
.00247
.00251%
.0025%6
.00260
.00264
L00268
.00271

-

DODOOIDDO0ODDODOOOIITOoODOITTOOOODODO

N.S.C.
INNER

0.0004
0.0005
0.0005
0.0006
0,0006
0,0006
0.0007
0.0007
0,0008
0.0008
0.0008
0.0008
0.0009
0.0009
0.0010
0,0009
0.0009
0.0009
0.0010
0,0003
0.0009
0.000%
0.0009
0.0007
0.0007

CF
INNER
0.00268
0.00256
0.00245
0.00234
0.00224
0.00214
0.00204
0.00196
0.00187
0.00179
0.00171
0.00164
0.00157
0.00151%
0.00144
0.0013%
0.00134
0.00129
0.00124
0.00120
0.00117
0.00113
0,00110
0.00107
0.00105

(H,+2)8.cU

U dx
n0,01358
=0,0163
-0,0168
«0,0168
n0,0170
#0,0172
v0,0166
0,0163
=0,0169
=0,0169
»0,0158
e0,0159
«0,015%
«0,0159
=0,0159
=0,0142
=0,0142
=0,0142
=0,0141
=0,0122
v0,0122
=0,0122
=0,01214
20,0093
«0,00983

A
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"~ TABLE A27-11

1.0, PNE

_ PREDIFTION OF ANNULAR DIFFUSER PERFORMANCE
DIFFUSER GEOMETRY.

WALL ANGIPRS. nUTEmR= 5,000 DEGREES ,INNERe 0.000 DEGREES
INLET RADII. OUTER= 6.0 INS. ,tNNERr= 5_.00 INS,
CDIFFUSER NON PIMENSIONAL= 10.0

INLFET COHDITIONS (CALCULATINNS COMMENCE AT X= 1,000 INS.)

"SHAPF PARANFTERS. OUTFR WALL= 4.302 INNER WALL= 1.35%

MOMEATUIY THICKNFSe, QUTER WALL= 0,080 INS.INNFR UALL= 0.046 INS
YANIMIM URELNACTTY= 131.000 Fr/sEe

RADTINUS Of PO3STTION OF MAXIMUM VELOCITY®R 5.560 1INS,.

-

18T Ho THETA  HI THFETA UMEAN AREA LOSS ¢p RMAY
X ) QUTER " INMHFR UMAX RATIO COEFF INS
1 50 1.43 ¢.066 1.39 0.074 0,830 1.14 0.022 0.198 5.6582
2 00 1,47 O 071 1.42 0.078 0.818 1.9 0.026 0.252 5.605%
2.50 1.%1 9 077 1.45 0.034 0.805 1.24 0.029 0.300 5.628
300 1,35 0 OR2 4,49 0.090 0.793 1.29 0.02¢ n.344 5.650
) 350 1.a0 O 988 1.%52 0.096 9.78% 1.34 0.034 0.333 5.472
) 4 00 4.5 0 003 4,56 0,103 0.769 1.3¢ 0.0353 0_415 5.69%
L. 50 1.69 0 003 4.59 0.109 0.757 1.44 0.034 0.L4L7 §.747
S5 00 1,74 0 1046 41.63 0.115 0.744 1,48 0.040 0.472 5.73¢%
S5 50 1,80 0 109 1.66 0.121 06.732 1.55 0.044 0.e97 5.760
6 90 1,35 0 144 4.70 Q.127 0.720 1.60 0.044 0.518 5_ 781
£ 30 1,01 & 119 41.74 0.133 0.?708 1.65 0.044 0.537 5.802
706 41.¢7 0.124 1.77 0.4138 0.6496 1.70 0.040 0.554 5.823%
7.50 2.6% 0 129 1.81 0.144 0.6434 1.76 0.052 0.56% S5.844
8 o0 2,10 0 134 1.85 0.449 0.6473 1.81 0.055 0.582 5.842
&8 50 2.17 0 138 91.88 0.154 0.661 1.86 0.057 0.5953 5.R8%
006 2.24 0 L3 4.91 0.159 0.449 1.92 0.05¢ 0.406 5.900
$SG 2.%2 O 147 1.95 D164 0.6438 1.97 0.061 0.616 5.918
10 00 2,39 0 181 4,08 0.168 0.627 2.02 0.064 0.425 5.90%4

C(FOR ADDITINWHAL BOUKNDARY LAYER DATA SEE OVERLEAF)




pIsST

1.50
2,00
2.50
3.00
3.50
4,00
4,50
5.00
5.50
6.00
6.50
7.00
7.50
3.00
8,50
?.00
9.50
10.00

DEL**
QUTFR

S DDV DODOIDO OO OO ODDOO

LA
L1723
.13
L1309
L1448
L1585
L1670
71
178
L1386
193
,100
L2005
212
. 218
223
.229
Nz

TTSEN.,

< I

<

nno

0018
$0721
a0’

N0=7
L Gnae

16Gs1
D033
0038

0.0036

L0037
ILEY:S

N30
NIIYAY
ooap
On040

L0041

NN
L0041

3é“dU"

- (,

=)
n(}

—(“

- l"}

U dx
=0.
-n'
.0494
=0.
=-{).
184
L u2u1
L0176
0.
=0,
~{:,
().
-G.
L0154
={}.
=,
nﬂ.

.

11964
0194

gro7
J1¢a

0438
0178
0176
2169
0162

1152
(G147
0140
0131

sl#].

TABLE A27-12

1.0, PNE

PREDICTION OF ANNULAR DIFFUSFR PERFORMANCE

THEQORETICAL ASSUMPTIONS

VFLOCITY PROFILE ~ POWER LAW
eKIN FRICTION COEFFICIENT = LUDWIEG & TI!LMANN

(ADDITIONAL BOUNDARY LAYER DATA)

FSTIMATFE OF REYNOLDS NORMAL STRESSES INCtUDED i
TOTAL PRFESSURF LOSS INCLUDED (EXPERIMENTAL RESULTS)
NO NET MASS TRANSFFR BETWEEN INNER & OUTFR LAYERS

NO

;dex

Ll
-{
=90
=9
=1

-’).

-

-
-0
-0.

=0

-

-4

-0-
-
-0.

-

0do4
Q0G69
Gn7d
an7s
(n31
Nn8s
00838
o990
N093
Q0G4
. N094
gnez
0ne?
D067
ope7?
Nne?
Q628
Negs

b

H
0

SO DDOC OO ODDD OO0

FlL¥x
NNFR
.125
.1135
L1 45
. 155
L1658
L1758
184
.193
.202
.21
.219
. 228
, 236
, 243
.251
L2587
Le64
2?70

n

OO0 OO OOOD

POTEMTIAL CORE

18PN,

CD1

L0048
.on22
.0025
.0028
L0039
.0n3%3
L0035
L0037
.0033
.00139
0040
L0041
L0042
L0043
.0044
L0044
L0044
L0044

N.S.C.
QUTER

0.0003
0.0004
0.0004
0.0005%
0.0005
0.00056
0.0007
0.0008
0.0009
0.0010
0.00%1
0.0012
0.0013
0.0015
0.0016
0.0019
6.0020
0.0022

Cr
OUTER
0.00279
0.00259
0.00240
0.00223
0.00206
0.001%0
0.00475
0.00161
0.00447
0.00134
0.00122
0.00191
0.0010%
0.00090
0.00031
0.00072
0.00064
0.00057

(Hy+2)8,dU

=0
=0

0

U dx

J0117
.0%1%
=}
»{(),
Q.
-g:
.013%
-0
0.
0.
=)
-0
-l
=-0.
-0
=-0.
_—

~). 0118

0424
0131
0131
0126

0127
0136
0133
0124
0132
0129
0426
0127
0126
0123

8o0R,

R, dx
0.00086
0.0606%4
0.00401
0.00108
H.00415
n.00122
¢G.00128
0.00135
L00141
00147
.00153
.00159
00164
.00169
00178
L0079
L0084
.00189

DO DOOODDDOTOO

N.S.C.
TNNER

0.0003
0,0003
0.0004
0.0004
60,0005
0.0003
0.0006
0,0007
0.0007
0.0007
0.0008
0.000%
6.0009
3.0009
0.0010
f.0009%
6.0010

0.00%0

CF
INNER
.00287
.00268
.00250
.0023¢4
.0021%
.00204
L0019
0.00178
0.00167
0.00156
0.00146
0.00136
0.00127
0.00119
0.00112
0.00105
0.60099
0.00093

(=R R=Na e Nl ]

(H.+2)2'd_u

U dx
«0,0125
«0,0130
-0,0134
-3,0135
«0,0138
=(,0145
-0,0141
w0,0147
-0,0138
=0,0142
=0,0142
=0,0143
-0,0143
-0,0135
=0,0135
=0,0126
=0,0125
=-0.0125%

879"
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c APPENDIN 28

¢ PROGRAMME BASCD ON COLES VELOCITY PROFYLE EQUATION

CONMHENT**PREDICTIAN 0f BOUNDARY LAYER PROFILES IN AN ANNU{ AR DIFFUSER

CXXXXXTHIS PROGRAY STAPTS WITH KNMOWH INLET cOMDITIONS AND CALCULAYTES THE

c VARIATION Ng vr SHAPF PARANETER NN TNYFR AND OUTER WALLS IN A

¢ STEpP BY STEDP cAILCULATION ALONG THF LFNGTH OF THE DIFFUSER
CAXXXRWARNINGXXXXTIT 14 ASSUNMED THAT FULLY nFVFELOPED FLOY 1S PRESENT AT

¢ DIFFUSER TYIFT 1.F« NO POTFNYTAL CORF EXT1STS

CXXXXXTHHER AID OHTPR LAYFRS ARE ANALYSED SFRARATELY ON THE ASSUMPION

£ THAT {0 HI'T 11485 TRAHSFEER TAKFES PLAGF . THE INWER AN OUTER LAYERS
¢ ARE MATCHED At THE POSITIOR OF nAXItUN VELNCITY SINGCE THE HAX,

c VELOCITY IM EACH LAYER 1'USYT RE THE QAUF

DINENSTION Fe10,10),2(9),RPICE0), 271 (A0Y

PIMENSTON X100y ,¥YC(100),A¢10,10) , L0 ,BPLA0) ,DEDELCLDY
PIMENSTON DELTHOCSN), DISNOC50) »ENGRADCSO),DRTDX(B0), DELTHI(50)
DINMENSTON DrsHr(50),8HRTOCS50Y,CFROC(S50),6RADPOCSAY ,GEONPNESD)
DIMENSTION SHSTTI (R0, CFTIL(SOY,GRADPI{SD)Y

DIMENSTON ARA(HN)Y,LOS(S0Y,LPACS0), RIACSD)

PIMENSTON AUPHA(SO)Y,DPTHAL(SD)

NINENSTON XACR0)Y ,HOA(SOY , TUETO(S0) ,HIACS50), THETT(SOY ,UMMA(S0)
DINENSTION EC10,10) vEOY, DRYIDXC(20Y s HAXIOC (2D

REALLOS

REAL Lnstur

REALLOSOE

REALNDPTDY

REAL NMIXLUD,MIXL

CXXXXXINPUY DATA

DCDEL R BP ARF THE VALUES OF THE CORRECTINN FARTOR ARPLIED TO THE
BOUNDARY LAYFR THICKMESS AND THE COLFS FREE PARAMETER IHN THE WAKF
FUNCTION

HAXINC % oproxe ARE THF VALUFS OF OUTFR WALL SHAPE PARAMETFP AND
TOTAL PRFSSIRF GPADIFNT AT THE POINT OF MAXIMUM VELORTYY USED 1IN
THE CORRFLATIAN OF THE CXPFRINENTAL DATA

HO1=SPECIFIRED SHAPE PARAMETER 0OF OUTFR WALL LAYFR AT INLEY
HIT=SPECIFTIED SHAPF DARAMETER OF IMNMER WALL LAYFR AT INLET
XLIMIT=THE (AXINDR DISTANCE ALONG THE LFNGTH OF THE DIFFUSER TO
WHICH THE Catcuiy ATIONS PROCEED

CFI0=SKIN FRleTi0N COEFFICTIENT OF OUTER WALL LAYER AT INLET
CF1I=-SX1N FRliecriol rOEFFICIENT OF INNMFR WALL LAYER AT IHNLETY
ROT=0UTrR wWaLL vADINS AT ITHULFTCINS)

RMT-RABTIUS aF potHT AF HARINUN VELOCTYY AT INLEY €InS)

RIT=THNFR UaLL wADIUS AT THLETC(IMS)

MO =HAXINN G ypLoClty OF OGUTFR LAYER AT INLETLPFT/SECY
UMIT-tAXT1U0 f veenClTY OF P'NFR LAYER AT INLETC(FQUAL TO UMOIYFT/SFC
FNU=KINFHATIC VISCOSITY(SOFT/SEC)

NHAXT=AtLOVARIF NIFFFRENCE BETWEFH ACTUAL AMD SPECIFIED SHAPE
PARAMETFRS AT [nLET

DCFINYT«STFR 6YAHGE IN SKIHN FRICTION COFFFICIENT REQUIRED IN
TTERATIAON PROCEDURE NSING COLES VFLOCITY PROFILF FOUATION
DRUINT=STFEDR CHAHGE IN RADIUS OF POINT OF MAXIHNIN VELDCITY REQUIRED

OO D
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IN ITERATIOYN pRuCEDURF

PM=ALLOUABLE nIFFERENCFE RFYWFFN L,H.S, & R.H.S. OF NOMEHTUN EQN,
BUN“ALLOUARYE DIFFERFNCE RETUEEN UMAX CALCULATED FOR TNNER AND
NUTYER LAYFRS AT ANY STATIOHN .

MS=THE nuuRen 0F ELINEHTAL STRINS USED IN THE NUMERICAL
INTEGRATION Np THF VRLOGCITY PROEILE T0 DETERMINE THE BOUNDARY
{AYLR PARANETERS

COLCKO & COLEvT » COLES VALUE OF 0,4

COLECO 2 COIFCI w COLES VYALUE OF 5.1

DROXO=TANGFNT nf OUTER WALL ANGLE

NROXTI=TAHATNT NF INHER WALL ANGLE

DX=STEP LEMNGTHCTIHSY

CPIA=INTITIAL VALUE OF DISSIPATION COFFFICIENT (OUTER UALL LAYER)
COTI=INITIAL VALUE OF DISSTPATION COFFEICTENY €INNEFR UALL LAYER)
DPTHYI-TITIAL GRADIENT OF TOTAL PRESQURE AT POLHT OF MAXTHUN
VELOCITY (RASED OH INNER WALL LAYER)

DPTHO~THITIAL GRADIENT OF TNTAL PRESSURE AT POLHY OF MAXIMUM
VELOCITY (BASED ON DUTER UALL LAYER)

HALANO=OUTPFR JALL ANGLF(DEGREES)

WALANTI=IHYER "TALL ANGLF(NDEGREES)

DIFNDL=PIFFISER HOMN=DIHENSIONAL LFHGTH

XACTIN=STATION AT YHICH CALCULATIONS COMMFENQE

CPINT=IHITIAL VALUE OF Cp, USUALLY ZERD UNLESS CALCULATIONS START
DOUNSTRFAN NF DIFFUSER INLFT

PHLOSTI«FHITIAL TOTAL PRESS'RF LOSS AT POINT OF HaXIHUM VELOCITY
(ZERD UNLFSS CAICUUATIONS START DOUNSTREAM NOF DIFFUSER INLET)
GAG1+672.63.04,65,66,G7= CONTROL CARDS

*exdx ITERATION  LINITS

892

L el
<

O
2
L¥ ]

N =2 O W RO

— il

RX04
143

DUN=0.05 FT/SFC (AppROX 0.05%)
nt4=0,C01
NHAXI=0_ 001

READCY,O02) (ap(1)el=1.21) ITERATION  LIMITS
FORMAT (D170 _ 0

5!EAD(1:00) (nCnFL(I)-Iﬂ'ZU

FORHMAT (2180 .0

READC(1,003) (4Ax10CC1),1=1,12)

FORHAT (1280 .0)

READC(Y,00%) (nHprnXt(1),121,12)

READ (T, 45004, 414, XLINTIT,6F10,CF11
FORHAT(RFD, M

READCT, 40RO, R, RIT,UMOY, M1 Y

READCY s FHU DHAX L e BCFTIHT DRMINT, DI, DUM -
FORNATU(AFO. D)

READ(T,AYn8

FORHAT(12)
READ(YI,10)CILFKO,COLFCO,COLEKY,COLECT
FORBATLARD, MY

READ (T ,42¥Dapxn, pRONT DX

FORNAT(ZFO, 0

READ (Y, ARNAYUALANO s HALANY  DIFNDL  XACTIN,CPTHT,,RHLOS]

FORNAT (PO, 1)

READ(1,143)6A,61,62,63,64,G5,6G6,67

FORNATC(3Fu. 0 ‘

oM = 0.001
DUM = 0.050 ¥ sec

CURVEFIT FOR AARRELATION OF DCDEL AND Bp (SEE F1G, S=éw?)
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1=t}
H=0
no %91 121,21
N=N+1
Y(Iy=nenELCY)
9901 %({I)=B8Bp(1)
CALL CURVEFITe(N,X,Y,A,8A,U}

c CURVE FIT FnR CORRELATION OF EXPERINENTAL VALUES QF TNTAL PRESSURE
¢ GRADIINT AT THE POINT OF MAXINUIS VELOCITY

=l .

no 994 1a1,12

N=l+

v{ly=Dprpyticel)y
004 X(1)=HARION(T)Y
CALL CURVEFIT(N,X,Y,F,SF,V)

CraxnwsCALCULATION OF IMLET VELOCITY PROFILE FOR SPECIFIED VALUES 0OF
¢ SHAPE PARA!NFTERS

THE TEGUMIOUF AnoPTCD IS THN ASSUNMF A VALUE DF SKIN FRILTION
COEFFICTRUT A'iD TO ORTAIN THF VALUE NF THE FREF PARAMFTER FROM
THE ROUHDARY €ounITIONS, THE LAYFR 1§ THEN SPLIT P IHNTO FLFMFNTAL
STRIPS AND INTEGRATED MUMECICALLY TO ORTAIN THE DOUNDARY LAVER
PARAMETERS. TIF THE SPECIFIED VALUE OF SHAPE PARAMETIR 1§ NOT,
ABTATHED A NE'Y VALYE OF SKIH FRICTION COFEFICIENT 15 ASSUMED UNTIL
THE CORnECT VALUF IS ORTAINED

OO

Cx#aw+OUTER WALL ROUNDARY LAYER

N=Ng
FR=0,
Eb=0,C
c COMPUTATION Of HAX] USING COLES LAV
¢ CALCULATION 0O wolUlIDARY GOUNDITIONS WITH NO CORBECTION APPLICD TO
Y ROUNDARY LAVYER THICKNESS
2% ROOTI10=5ART(CE1O%0,5)
XB=0,
UTAUO=UIM w0 TY 0
BI1A=(COLELOwn _5y/RNOT10
RELCOTauni-nMy
R1B= S+ ALNGCUTAUG*(ORLAOYYZ CFHNUX12,))
B1C=COLRON*EN L E¥knnD S
B1=p1AwpT1i=nic
IF(GAER.1.MG0 10 3303
R=81
C R«THF FREFN PARAHETER IN YAKE FUNCTION

1F(BY61.61,42
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REVISED BaoUynary COUDITIONS UWITH CORRECTION APPLIED TO BOUNDARY
LAYLR THICKNFGSR

> O

61 DELCOT=20.A1«e(n01ar)
GO0 TO T3M
62 CONTINUE
PELUDDRCII AP W w3 e (Rwx2 YU {d)u(Rawd YoU(SY*(newd YeU(S)bint
TS50+ (Ar e Y4 U(BIR(Bew? D4l (P)a(Rewd,)
DELCOT=nFIiHnDA(ROT=IF1])
3301 BIA=(COLEKNX] 8y /RO00UT10
REBe Seal NG HTAIN*(DRELCOYY/(ENUX12, 1))
BIC=COLFCO*aOIFN*D, S
B1=31Aen1twnlc
=81

¢ FURTHER mRrvVISton OF BOUNDARY CONDYITIONS

PELUDD= LAY« (DY wB4 03I # (Rwn2 , Y4l (&) w (PBwaT YU(SIR(Bund Y46 W (B%
TS5 Y402V e {Br el Y+U(B)w(Rew? YUY (PYx(RwnB Y
DELCOT=nFRLUND e DY =P
B1A=(COLFKO«N _5Y/ROQTTO
BI1B= S« AL 0GUTAUOR{DFLLOY )/ CENU*12,))
B1C=COLECI*R0LFrO*0 .5
BR1=p1A=n13=r10
B=B1
DELUDDa LYt (D)wDdU (3w (Bws? d W L) u(Rasd YhUESIN(Ewnd YL (E)wEnw
125,042V % {q2wh Y+ 1(AI % (Rew? YdW(D) e (R¥wB,)
DELCOZ2=nFLUnD# (RO =K1Y
S6U=DEI C02-DFLANY
WRITEC(2,3A2y0ELC02DFLEOY,N
IB2 FORNAT(FO.,A,4%,F0,06,4X,F10,6)
PELCOY=nFLAY?
3303 DELCOLsRRLONY

C NUMLRICAL INTEARATION PROCEDURE

RBELO=zR01=DELROL

DRO=DELCOL/Y

RRO=ZROI=-(ORN*N, 5)

SuN1i=n.

SUM21=(

sun3i=n,

SUH4Y =0,

SUNS =y,

SUN?Z1=n.0

syfiot=9 0

po 3001310"]

RATIOY=RRA/ 701

RIFRO=RNT=RRN
UT0A=CUTAUN/COLFKOIwALOG(UTAUORDIFRO/ CENURT2.))
UI0B=UTAUO*AOLFCO
PISOND=(ROT=PROY/DELAOL
HAKLO=81% (1 700LFK0)Y« (1, +STUC3, 14964 (DISOND=,.5)) ) *UTAUOQ
U0=U10A+H 1 IR UAKED
UNDTO=110/10 1014
C10=(1, =Y DIDY RO

D10=C1aw) (HiO

E10=C1n=naTIOY

F10=F10wltbin

ENDO=UNRYO* INpYD
FNZO=UTnat1 9% 010#DRORRO*A, PR3 4

-
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77

2211

399

400

401

402
403

406

6323

G10=(1  =FD D wtip1NeRATIOT#DRO
A0=22, %3 14172+RR0+DRURUMOI*UNDIO
SUMfT=s Mt 1«10

SUM21=81M214n4 0

SUM31=281Un31+F10

SUNLT=gilllateF10

SUHETI =8NS T +610

SUNZAI=gin?14F 20 |
sulei=guneT4an

RRO=RR”-“Q0

H2Do1=g1M11 /751121

HAXTIOT =113 7gUn41

HAXIOT «SHAPF PARAHETFER =NUTER WALL

ENZORSUAZTI# (3 1417% (UNNT #%3 Y= ((RDELOW#2. )= (RN4wa2,)))
UUMAXO=1, =2, «ROM*SUM3T/ ((RO1*%2 , I (RMT%e?,)))

UUHAXD«RATIN aF MEAN TO MAXIMUM VELOCITY IN OUTER WALL LAYER

UHEANO = AT < U1111A% 0
FLOUOSUNE AN * (RO # %2, Y= (P11 1w #2 )

FLOWO=-vOLUME Frou 14 OQUTER UALL LAYER

WRITEC?,77Y0unAX0, W EAND,LUINGY, FLOVO

FORMATCFRG .3, 4%, FR, 3, 4X+FR, 3, 4%X0F12,5)

S101=HAXTNY =4O

URITE(2,229 13810, 4A%INT,8101,H2P01, bELUDD, BY s qUMAY
FORMAT(FO A, 4%, 80,0, 4X FR 0, 4XsFQ,6,4%X.F9,.6,4X,F9,5,4%,F9,4)
$102=AR5(51 MM untART

CHECK T SEF HAXIOT 1S UITHIN LIMITS
1F(s102>35,35, 300

ITERATIAN PROFFOURE TO ORTAIN THE CORRFCT VALUF OF SKIN FRICTION
COEFFICIREYT (QUAPE PARANETER)

NUNBEFR OF ITErAT!ONUS ATTEHPTED

FB=ER+1 .

FCRER~2 .

EE=ER~Y.

TFCCEX4n0, 434, 401

AFTER THITTAL ATTENPY FEFDS IH A STFP CHANGE AMD STORES INMIT VALU
$121=5111

$122=CE10

CF10=CF10-(2_ whCelINT)

60 10 20

ITERATIOH AfTFR JNITIAL STEP CHANGE

TFCEEY 02,44, 404

HAS SIGH CHataFn AFTER STEP CHANGE

TF(S131Y403,35,400

1F(812134 4,335,407

TRANSFER TN 4na TNDTICATES HO CHANGE BOTH VALUES NEGATIVE
$103=2AR4(c191)

S1U04=AR5¢8121y

S10525133-5104

§S106=Cr10-8127

S10725104/7%108

.
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¢ STORAGE OF vArtES RCAUIRED IF SIGH CHANGE 0CCUnrs
$108=51n1
$100=Cr10
DCF=5121«51n7
CF10=8122+D0rF
GO TH 20
c TRANSFER TO 407 INDICATES SIGH CHAHGE +T0e DURING STEP CHANGE
407 $131=2AR5(5191)
§132=A05¢5121%)
5133=51%1+%17%2
§134=2CF10~5127
§135=8174/7513%
§1U3=5101
s1l0=Crn
DCF=ST35%811
CFI0=CE10+NCF
GO TO 20
409 1F(s121Y410,38, 411
¢ TRANSFFR TN 410 TUDICATES SIGH CHANGE »TO3 DURIHG STEP CHANGE
410 s141=A05¢5101)
$142=AB5(8121
§143=8141+5147
§144=CF10-81727
510825101
s10o=Cg1n
S145=5144/514%3
PCF=s145+2101
CF1a0=CF10~DeF
GO 10 29
C TRANSFFR TN 414 INDICATES MO CHANGE ROTH VALUFES POSITIVE
411 8113=AR5{(S191)
S114=ARS (8121
$11528113-38114
$116=Cr1n=g42)
$117=5116/7%115
¢ STORAGE OF vAtlcS IF SIGN CHANGE OCCURS
s108=5101
s100=CF1n
DCF=S117+5121
CF10=5122«N¢F

GO0 TN ?2a
4064 TFC(S12114N05,35,412
¢ HAS SIGq cHayarn DURTHNG SURSFQUENY ITERAT!ION
405 TF(s103Y406,35,408
c TRANSFFR TN 40R INDIGATFS SIGH CHANGE «T0= DURING SUBSQ ITERATIONS

408 s131=AR5(2101)
S132=ARG (81 9R)
$133=5131+4613
$134=CF10m8100
§135=8134/81473%
§108=5101
s1lo=C¢10
DCF=S135+n101
CFI0=CF10+DrF
6 1O 2?20

412 T1F(810RY413,35,411

c TRAHNSFER T 413 tHDICATES SIGH CHANGE »T0+ DURING SUBSQ ITERATIONS

413 ST151=AR%¢(R101)
S152=ARS(S19A)Y
$153=5951+%15)
S124=CF10=5100
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§135=8154/615%
5108=5101
$10p=Cr10
DCF=5155%5101
CF10=Cri0=hap
GO TO 29
35 CONTINUF

EB=0,

8500 CONTIHUF

NEXTRO=VOLI IR ROV N THF REGION BETUFFEN THE ENPGE OF THE BOUNDARY
LAYER AuD YHE pofHT OF NMAXIHUN VELOCITY

QO~TOTAL FLOY Ty DUTFR WALL LAYER

PLSTOT=THITIAL DISPLACEHFHT THICKHESS OF NUTER WALL BOUNDARY LAYFR
THETOT=THITIAL 40NEUTUM THICKNESS OF nNITFR WALL RAUYDARY LAYER
ENTHOT=1HITIAL FNERGY THICKHESS OF OQUTFR WALL ROU'IDARY LAYER

OO

QEXTROIZ 1417001 * ((RNDELO**2, ) m (RN w42 .3
QOSSUMYI1T 40P XTRO
PLSTOT =g
THETO1 =241
ENTHOT=50"151
TAUQI=CF10%y .5
WRITFC2.,00043n0L8T01, THETONY
0008 FORMAT(FO_6,4%,EQ,0H)

Cruwws THNER WALL ROIMNARY LAYER

¢ THE PROprDURe pop CONSTRUGTING THE VELOCTITY PRNFILE FRrROMI AN
¢ ASSUNED VAl IF oF SKIH FRICTION COFFFIGIFNT IS THE SANF AS THATY
c OQUTLINEDN FOR THE OYTEFR YALL PROFILE AT INLET

36 ROOTII=SORT(CFYIT#+0.5)
XB=0,
UTAUT =TI RO T
BIAI=(CulLEKI»0_5)Y/RO0OTY]
DELCIY=nMi=n1d
BIBI=,S+ALOAGCUTANI*(DELCTIY/ (FNU#12 )
BICI=CNLFOT=COLFEI*),5
B1I=R1A1=03111aR101
1F(GALEQ,1.0)60 10 01
B=0B1!
TF(RY6T,06% .44
63 DELCTI=0.1w(R111=R1Y)
60 TO 3304
44 CONTINUF
PELUDD=UCI Y« (PIwBdt {3 * (B2 #U (L) 2 (PunB3)4W (S e (Phwl)dU(E) #(Berub)
T+UlZI e (RacAY Y+ I (rd e {tan?)sU(OYR{R*®8)
DELCTIT=nELYInhwdatiwpnTl)
3304 RIAI=(COLFKT#0 8Y/RNOTY]
RIBI=, S«AlOGRCHTAUT*(NELCIYY/ (ENU*T2,))
BICI=CNIFOTalOl{KI*N S
B1I=B1A1=-31R1~R1C]
B=811
DELUDDSUCA Y o2 it {3y (Nue2) bt CAY v (BR a3 (SIn{TandY el (b)) w(BixS)
T+UCZIN (v eb o 1R R L ew?) a1 (9)*(Bend)
DELCIT=nFitinDa(uMI=PT1)
BYAI=(CotFKt+n SY/RONTYT
BIOI=,S«ALOSCITAUI®(NELCIY Y/ (ENUIZ2.)Y)
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B1CI=COLECTI=CALFKI®O, 5
Bti=Bl1ATI~R1al~R1C]
R=811
DELUDD S ¢ et (2) B3 (B a2 4l (A a (Bwa3) el (SYw(Bhad) b (6) % (Bwab)
1o % (e nBY el AW (5wr?) 4U(D YR (BanB)
DELCIZ2=nELUnDa ¢nMY~nt)
URITE(2,743¥nFEr12,PELCIT,R
74 FORHMAT(FO.6,4x%,59,06,4X,F10,6)
DELCIYanFLET?
81 DELCOLanFLO11
RDELIZDFLENI+RT
bRI=DELROL/Y
RRI=RI1+«(nRI*_R)
SUM12=n .,
quUNz2z2=0,
sUN3?2=0
sUNg2=0,
suNls2=0.
SuUN?72=9_0
sytio?=p
no 3?r1=1'H
RATITT=nRI/R14
DIFRI=RRI=R 11
UTTA=CUTAUT /6O wALOGCUTAUT*DIFRI/Z(ENURE2, Y)Y
UtIn=trAUr*c0IFCl
DISIND=(ReY=-RT1)/DELCOL
VAKEI=R11% 0 /0L ERII* {1 +SINC3. 1416 (DISINDn,SYY Y elJTAUT
UII=t1ta+siMtTn+UaKEL
UNDYI=U11/70 11
C1Il=¢T,.=UHDY Ty wnRY
N1I=Ct1=une
E1I1=C11%RATI Y
FiI=FitetliDeT
FHNDI=UNPAT®*INNT T
ENZI=UfT+01 1wt TwDRIWRR]#6,2834
G1I=(T . =FUnY«tiuntlwnAYI1Yep0!
QI=2,.*3 141 7«aniwDRI%UKIY*11HD1]
SUMI2=QUHIR401t
SUt22=q4M1224n1t
SUN3IZ=sun324F1Y
SUNL2=811Aa24F 1]
SUMSZ2=2g1N152461T
SUNZZ2=8472 412t
SUMO2=2¢1HO2 40
37 RRI=ZRRIeDNu]
ENZI=SUNZ24+ (3. 1447%CUT 1w x3 ) ((RHT%w2, ) m(RNELT#w2,)))
HZ2DI1=gum12 /82?2
HAXTIITaqgun32/e114?2

¢ HAXIT1aSHAPE PARAMETER= INNER WALL

SZUT=HAXTI1=H11

TAUIT=CF1T29 §

HUHAXT21 , =€2 «n11«SUMB2/((PHY»¥2 Y (R1%wx?2.)))
UHEANTanH I Y wiAyl
FLOUTSUEAN I A (RMI %22 I~ (RT1%%2, ))
WRITEC2,?27Y HptAX T, UHFANT, UNTY, FLOYT
URITF(2,2211006F 11, HaXT114,82049,H2D11,0ELUDD, A% qUML2

¢ CHECK To SFF 1F HAXIIT I8 'IITHIN LINTTS
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§P02=ARS (8201 YwnHAX]
1F(s202142,42, 450

Cxwnrx ITERATION PROGEDURE TO OBTAIN CORRECT VALUE OF SEIN FRICTION
¢ COEFFIQIFNT Oy THNER UALL

499 EDIED+T .
FFEEh=~2.
EG=ED=3
TFCEFXSOD, 521,501

500 5221=52n1
§222=CF11
CFII=CF1T=({? _«DCFI'TY
GO TO 34

501 IF(EG)YRAP,.504, %04

502 1F(S201Y503%,42,509

503 1F(522%157%6,42,507

506 s203=AR6(R201)
8204=AR5¢5221)y
§2U5=25203-8204
S2U6=CE1T=Q222
s207=5206/8520%
§208=3201
s209=CF11y
NCF=8221%5247
CF11=8222«NheF
GO0 TO 34

50?7 s231=ARS(8201)
§232=AR%(8221)
§233=52731+823
$234=CF11a822)
§235=8274/523%%
selg=s5201
s200=Cg11y
nCF=%2%5%6201
CF1I=CF11+DerF
G0 TO 14

509 1F(8221)510,42,541

510 s241=ARS(8201)
G2642=ARBS (87?1
$243=25244 4824
S2b44=CF11=-8277
S24578244/8747%
§208=5211
s2lo=Ce11
DCF=Ss245%x52014
CFlI=CFi1-DCF
G0 TO T4

541 §213=2AR¢g201)y
S214=ARS (8?21
§215=521%-2214
S216=2CF11=827?
$217=28214/7821%
{2Y3=5201
selo=CE11
NCF=5217%3?221
CF11=S222-0DCF
GO TO %4

S04 1FL{S201)¥50°S,4D,512

505 1F(S2781506,4.,5038

$08 5231=ARg(S7n1)Y




COHICIODIICIO

[ N ¢

512
513

42
3700

148

14

§232=AR5(520R)
§23325231487232
S234=CF11=8200
§235=8234/872%%
§208=82)1
§200=CFR11
DCF=82T005%57n1
CF1I=CF11+DnF
G0 TO Ty
IF(8208154%,42
S231=ARS(32014)
S2923ARS(R2N8)Y
5253=5251+528)
§254=CF11=8200
S§2535=8254/875%
5208=52n1
s2le=Crq1
BCF=S255%w5P 01
CF1I=CElI=DOF
G0 TO 36
CONTINUFR

FD=0,

CONTIHUF

QEXTRIAvOL F
LAYER AuD ToE
QI-=TOTAL FLNOUW
QY=TOTAY FLOIY

5311

FLOLU
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IN THF REGIOH

RETWFEN

POTNT OF MAXIHMUM VYELOQTITY

I

INHFR UALL LAYER

AT TILET
DLSTI1«THITIAL HISPLACENENT THICKHESS OF INNFR WALL ROUNDARY LAYER
THETTA1ATHETIAL HOHELTUM THICKHFSS DF INNFR WALL BOUNDARY LAYER
FNTHIT«INITIAL FNERGY THICKNFSS OF INNER WALL ROUNDARY LAYER

THE EnGE QOF YHE BOUNDARY

DEXTRIZSZI. 1AV 74t i* ((RH1ww? . )= (RDFLLIww?.))

QI3SUMI2+OFYTR
aT=a0+q1

1

UMEANT =0T/ (3. 1417#{(RO1*RO1) = (RIT¥RI1))Y)

CALCULATION OF INITIAL VALUE OF VELOCITY PROFILE ENLRGY
COEFFICIENT (ALPHIM

ALPHIM=(Eu?q+FM21)/((UHEAN1**3.)*3.1&17*((R01*n01)-(RI1-RI1)>)
WRITF(2, 148 Y1 EANT ¢t ALPHIN
FORNAT(2X,2FER. %)

DLSTIT=qun%>
THETI1aqHad?
ENTHI1=gnt52

URITF(2.,14)n0,01,aT

FORMAT(Fr12.5.4X,F12.58,4X,F12.5)

UMINT=1001
XACT=XaqTIY
RMINT=R1
HITHT=HAXIIA
HOTHNT=HAXTDY
THIINY=THETY T
THOIHT = THET
RITNT=R11
ROINTz=RO
DCINO=nCFIUY
nClut=ncrrny
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CHXXXXXCALCULATION OF BOUNDARY LAYER PARAMETERS AT A STATION DISTAHCE p¥
L FRON INLET.

CXXXXXIT IS ASSUMED THAT HO NET PASS TRANSFFR TAKES PLACE RETWERN THE

g LAYERS, THITIALLY IT IS ALSO ASSUMED THAT THF RADIUS 0Ff THF

o POSITINY nF NAX. VELOCITY REMATINS UNALTERED. THIS ASSUNPTINN WILL
C LEAD T0 A NIFEFaFNGE IN THF MAX, VELOCITY CALCHLATED FOR INNHER AND
¢ OUTER LAYFRS AND 1Y ORDER TO SATISFY THE COHDITIAN THAT uMO2s=UH1?
C THE RADIUS F THFE PUSITION OF MAX. VELOCITY (R42) 15 ADJUSTED

¢ SPECIFIRATION OF TNLET CONDITIONS

¢ ROZ=OUTFR UaL1 rADIUS AT X4DX

¢ RIZ=THNER Al L aRADIUR AT XeDX

¢ RHUZ=RADINS aF pasITION OFf P'AXINUN VELNCITY INITIALLY SET AT INLET
¢ VALUE

¢ CF2O=INITIAL ESTIMATE NF SKIN FRIGCTION COERFICIENT ON OUTER WALL
¢ CFE2I~INTTIAL ESTINATE NF SKIN FRICTION COFBFICIENT ON INNFR

¢ DO rUULDR, XD, AND XU ARE USED FOR COUNTING THF Mo, OF ITERATIONS

60 XACT=XACT+DY
XNOU=XACT=-X 11T
TFOXHOUIA950,9190,%100

8950 CONTINYF
ROC=ROT+DEDXDaNY
RIZ=RIT+DRDY T DY
CF20=CF10
CFeI=CfFrl
RMZaR
UH02=1)101
ulz2=uyin
vu=a,

558 np=Q,
NB=0,
XB=0,
XW=0,

¢ QUTER PROFI(E

Cx¥ar THE TEAUMINIF AnOPTED 1S TO ASSUME AN INITIAL VAUE OF SKIN

Cewadn FRICTION AORFPICIEYNT AND COHPUTE THF DUTER HHALL BOUNDARY LAYFR
CraudaxVELOCITY PPAFTIF, THFE SHAPF DPARAMETER , MAXIHUM VELQCTTY, ETC,
Crewwr ARE THF | CHeCLED TO QEE IF TYHFY SATISFY THE MOUFENTU!! INTEGRAL EQN.
Crewdw [F HOT A HEJ VALUE OF SKIN FRICTION COEFFICIENT 15 ASSUMED

53 CONTINUF
THE PROCENIRF BOR COMSTRUCTING THE VFLOCITY PRAFILE FRON AM

ASSUNEN ValIF nr SKIMN FRICTION CORFFICIFNTY IS THF SAME AS THAT
OUTLINFo FOR THE OUTFR WALL PROFILE AT INLET

(e Ry Xl

Xxxi=0,
TF(CF20)35%,35%,854
853 CcF2u=0_0000y
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854 ROOT20=28nuT(CE?0u0,5)
1002 cONTINUFE
855 DELCOY=RN2=rND
856 COHTINUE
UTABO=UNIN?#20NT20
72 BR2A=(COHLFKN&N _85Y/RNOT20
B2R= SeAlOGCUTAUNRLDELCO1Y/ CENURT2 . ))
B2C=COLFRN*ROLEKNw( .5
B2SRZA=nPRwa2(
TF(GA.Ea,.1.0)60 TO A401
p=82
RMAX=SBwg |
TF(RMAYYR4LD0,8401,3401
8400 CONTINUF
IF(BY65,45,464
65 DELCOT=0_R1w(r02aRI12)
GO TO A7
66 CONTIMUE
DELUDDIUCA) «(2)wB* U (3Y 2 (B*%2) bW (A) a(Bw3) U (5) 2 (Beal)#W(6) % (Bunb)
14W )+ (e eB) 41 AR {Ban?) 2 W (DY * (B*wd)
DELCOY2nFLUND &« (ROPmRM2)
67 CONTINUE
B2A=(CNIEKD D _8YZROOQT2D
B2B= . SalNGUTAUOR{DFLCOY)/(FHU*12,))
B2C=COLFRCO»rOLEO%0,S
B2ERZ2A«n2Rw20
R=B2
DELUDD =AY +U2Y B+ (3Y > (Bew?2 )4l (A) x (Bww3)alf{SIw(Brad)#V(4)w(BeunB)
14U I (Raw Y+ (R W {wk?) o1 (D) ¥ {pBwwR)
DELCOT=nELinnx(RO2=rN2)
R2A=(COF¥ DN _53/ROGT20
B2B=, S+AL0G A0 (DELCO1)/CENURIZ2,))
R2C=COLFRO*r 0L FKO*0 5
B2RRZ2Aan?3=R720
ROATTAAIR?A=R2R
B=B2
DELUDDa (A w2 ) # B4 3 % (Ban2) el {b) e (Rau3) oS (Buadyttitl)Ye(BuwS)
14U 7Y * (rawb) e 1 (A (Rex?) 4U (D)% (R B)
DELCOT=nFLYND* (RO2"KH2)
B2A=(COI EKNeD _ By /RO0T20
REB= SwALOGCUTAUOX{DFLCON) /(FHUX12,.))
R2C=CNLFCOXCNLFKO*D .S
B25R2A=N17R=wn?2(
R=B2
NELUDD I CEY e (2) wBOU{T) % (Box? Y4l CL)w{RA*w3 Y4W(S v {nwad Y+W{L)W(RW
TS5 I 4ULPIw (Rawd Y+U(BIX(R*N? D4 U(R)x(RwaB,)
DELCOZanELUnDx(RO2=HM2)
PELCOYTanFLEN?
GO TO 7%
8401 DELCOTand?wan?
73 nELCOL=NFLEM
ROELO=RUI?=NrLeOL
DRO=DELCOL/ N
RRO=RO2~(DPIXN_5)
sUf11=0.
suliza=n .
suUN3Y=0
SUNATa0,
suns =9
sunzi=o.0
suliot=0.
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DO S50,1=1,1
RATI0Z22RRO/RND
DIFRN=ROP2=RaN
U20A=CHUTAUD/COLEKOY wALOG(UTANO#DIFRO/CENURTD Y)Y
U203=UTAUDWED FEO
DISOND=(RNP-RROY/DELEOL
WAKENZR? % (1 /OOLFKDYw (1. +STNE3, 1416+ (DISOND=_5))YY*UTALD
U20=U20A+U20B«UAKED
UND20=1120/741" 02
C20=(1,«U4N20YxDRO
D20=C20x11iD20
F20=620+RATIND
F2O0=F2n«nD2n
ENDO=UND2O*IIMR2N
EN202U20%U24%HP0wDRORAOE, 2834
G202 (1, ~F DY & HN2OWRATIOZ#DRO
0222, %3, 141600 0*DROYUMO2#UND20
SUMT1=51111+c70
SUHN21=5tIH2T&D?0
SUM3Y =g N3t 4 E2N
SUN4Y=SHNAT+F20
SUNBTI=einR14620
SUNPA =21 4ENDN
SUMOI =g MDY w007
S0 RRO=RRO~DRO

5000 QOZ2=SUN9 14 (3. 14 17%«NO2 % (LRDELOwW*2 , V= (RM2w%2 ) ))
EH20=SU 1714 (3 . 4642%(N02+%3 Y% ((RNELO*42,)m(RU?%#2,)))
unoz2acan/a02y L0 R
THIS IS THE GCORRECT UNO2 FROM CONTIHUITY NO APPRFCG, ERROR IN UTAU
UMEQZ2=RLOUO/C(ROP?*%2 I m{(RHP %2, ))
UUNAXO=21 .~ (2. «R0O2%SUN3T/ ((ROZ% %2, I (RU2%+42_)))
UHOZAT=1NEO2 /711114 %0
XXU=XXt+1,
XDUsxXu=1,
IF(XDU)314085&:3303

8303 CONTINyUr

DLSTO2«0UTFR WAL BOUNDARY LAYER DISPLACEMENT THICKNESS
THETO2=0UTFR YALL ROUNDARY LAYER DOHFENTUM YHICKNESS
FNTHOZ2=OUITFR UATL ROUNDARY LAYFR FHFRGY THICKNESS
HAXIOZ2=0tUTFR UALL BQUNDARY LAYFR SHADE PARANMETER

unoy aUTFa HALL SNUNDARY LAYER HAXIHUN VELQCTITY

IF HAXIN2 1§ GRFATER THAN 3.5 CALCULATIONS CEAQF

DLSTOZ2=ag1IN 34

THETNZ2=g1H4Y

FNTHOZ=S1H159

HAXIOZ=q 1397610144

TFOHAXIN?=3 5)Y8900,9100,9100
8900 cONTINUE

IF(G1.En.1.0360 70 7500

SUBROUTINE FNr CALCULATING NORNAL STRESS TFRM
QUTER WALI

PDELTAaNLSTN2-h1L§TNY

DDELOXandFLTA/ DY
REYSCO=0, 034+ ¢HAXTI 2=, 92DDFLDYX




200

DI

Lo N > ]

7500
7501

7502
6800

6804

6805
6806

6803
7503

642

REYSCO«RFEYNNDLNS MORHAL STRFSS COEFFICIENT
CORRELATION DUF *0 GOLDDERG
END OF gquUaRaUTINE

GO TO 745014
REYSCO=a.0
CONTINUr

SUBROUTINE FOR CALCULATING TOTAL PRFSSURE LOSS FROM ENERGY EQN,
DTHXO=RATE nf QHANGF OF MONENTUN THICKNFSS (OUTER WALL)
DUMDXO=~RATF 0OF CHANGE OF HAXINUN VELOCITY

PTHDXO=RATE OF GHANGFE OF FUERGY THICKNFSS

PDTHXO=(THITI2=THETN1Y /DX
PUMPXO= ¢(HNN2 013/ DX
DTHDXOR(FHTHO?PmENTHROTY/ DX
E2=DFLCOTI =D STN?
E15¢(3.#FHTHR2xbDUMDXOY /U0
pPTOXO0=0.0 :

CONTIHNUE
FORMAT(AFD .S, 1%, Fb4, 2)

CALCULATIOH OF DISSIPATION COEFFICIFNY USING NIXING LENGTH THEORY
RAMP HIXTHG LENGTH FUNCTION DUE TO SPALDING

SUMDIS=0.

DRINY=DBELAD /40,0

RREDRINT

r=DRINT/?.

DO 6893 1at,59

RED=gR/DFLA DI

1F(RND=0,2Y4R04,6805,6305

MIXLND=aMNh+1 _ §

MIXL=HIXLNNADILSTOR

GO TO 43064

MIXL=0_TenLsTN?

CONTINUYF
U10A=(IITANO /I COLEKOY R ALOGCUTAUORR/ CERUXT2.))
Ul0psuUTAlOREO I D

DISOND=R/DFI'Ci

WAKEQ=R2w (1 _/C0OLEEM # (1, #SIH(S,1416%(DISOND=, 5))YRUTALD
U10=U10A+11 IR+ VAKED

UNDIR=UAA/ 02

R=R+DRINT

U10A= (UTAIN/COLFKO)I *xALOGCHTAUORR/ (ENU*12.))
D10R=UTAHORCOL FCO

DISONDaR/DFLLNY

WAKLEO=a2# (1 /r0LFKD) & (1. +STHLS 1416 %(DISOND~,5Y))Y*UTAUD
U10=UT0A+IHIDR&+UAKEN

UND2R=U1O /1O

DUND=(YD2RWUNRIRY/DRINT

DUND=ARS (DIINDY

DISPAT=D *1tIXLennIXLe(DUND**3 Y#pRINT
SUMDISaqttDIS+«hISPAY

SHST=2  «MIXL+1IXL#DUNDWDUND

RRERR+NRINT

co=sulnts

CONTINUE

TF(GA.EN,1.9Y60 TO 7504
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CALCULATINN OF niSSIPATION COEFFICIENY DUE TO GOLDBERG

PSGPN={THETNT#nMDX0OY /UNHDA

L CDECDP=1.=(25000000,0%¢PSGDHa*3))=(100,04pPSGRH)
RENOY=CUNMOT =« THETOT) /LENUX1D )
COFp=0.01127¢rru01ww ,1467)
ChEQL=GnFpweDELDP
PCPDX=(0,. N0+ (CDEQL~CD10))Y/THETOA
DCD=DCHNX*NY
CD20=Cn10+NED
CDRCDEn

CD~DISSIPATION COEFFICIENT

G801 FORLAT(7?F10.68)Y
7504 CONTIHUF
IF(G2.Fa.1.Mya0 10 3701
PPTDXO=(NTHNXO~CN+EVY/E2
URITEC(2,3720MnpThX0,CD
3700 FORHATCAX,7FE10.6)
3701 CONTINUF
IF(G3.Fa. 1.0)60 70 3702
DPTDX0a(DTHNXNACN+ET)Y/FQ
WRITF(2,3700)ynpThX0, LD
3702 CONTINUE
IF(GA.EQ. 1.0060 TO 3703
DPTDXO=(DNTHNXA~CH+E1)/E2
URITE(2,.3?200)ynpTOX0, 0D
3703 CcoONTINUE
1F{G5.Fa,1.0)¥60 70 7505

CALCULATION OF TOTAL PRESSURE LOSS FROM TEST DATA

p=HAXIO2
DPTOXOSV (I 4V (2) DV (BI+ (D r2) V(L) 4 (D w3 eV (S)n(Dwnd) eV (6)a(Dun’)
T4V(7I e (Dexb)Y+ v (B3Y* (Dux? )4V (O) % (Dwed)
DHYRAUSA(CC(RNZ2%RN2)=(RH2*RNZ)I/RO2)*2,
DPTDX0=~hPTHYN/DHYRAY
WRITE(2,6302ynpTDX0
6802 FORMAT(2X,F10.4)
7505 CONTINUF

CALCULATION Of SHEAR STRFSS GRADIFNT AT RMAX

1F(G7.E0.1.0)60 TO 9565

MIXL=0,28+D1'sSTN0?

DRINT=DFLEOY/AD.D

REDELCNI-(DRTINT#0,5)
UA0A=CUTAHN/COLEKOYwALOGCUTAUORR/ (EU=12.,))

V10 =UTAUN»ROLECD

DISOND=p/OELEOY

UWAKED=R2% (1. /eOLERD) #(, +STH(3,1416%(D1SNNHD=,5)))*UTAUD
U10=10A+US IB+1AKED

UNDIR=HY1O/11 102

R=R=DRINT

UT0A=(UTAIIOZICOYPRO) *ALIG(UTAUGRR/(ENUX12,))
UI0BeUTALO®COL FCD

PISOND=R/DELCY

WAKEO=R2% (1. /COLEKDYw (S, #STH(3S, 1416+ (DBISOND=,5))Y*UTAUD
H10=UL0A+111 0B +11AKED
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UND2R=111 03/ 1402
DUHD={UHNIR<UNNPRY/ URINT
DUND=ARS (NIIYD)
SHSTAS2 . witIXLwtt I XL*DUHD*pUND
R=R=~DRIAT
H10A3CUTAUN/OOLFROI w ALOGCUIYADORR/ LERUR12.))Y
U10R=UTANO*COLFCO
BISUND=R/DFI RN
WAKFCOSR2# (1. /760LEKD)Y w (1. +SINC3.1410%(DISOND~,5)))*UTALD
U10=010Aa+ 11 YR4AKED
UNO3IR=1}110/711407?
DUND=CUNDPRUINDIRY/DRINT
PUND=ABS (DIIND)
SHST2=?2 . « el et TXL*DUND*DUHKD
DPTDXOs=((SHST?~SHST1)/PRIHUT)
WRITF(2,95G4)YUNDYR UNDZR,UUDIR,DRINT,SHETY,SHST2,DPTDX0
0566 FORUAT(?F1N_6&)
9565 CONFINUF
TAUOR2=CR20w0 .S i
TAUOX=(TAUDS+YAIOR2Y /2.
GRADPX2THETAY w € (DUNDXO% (HAXTIOT+2.))/uM0Y)
GEOHMPXaTHETO I # (hRDOXND/ROT)Y

c CALCULATIHH'OF TOTAL PRESS'RE GRABIFHT TERY TN HOMENTUM FQN (BASED
¢ OM QUTER UVALL CALCULATIONSY

IF(G6.FQ, 1,060 TO 136
PPTHORR(((RN24R0U2I(RH2*RM2II/RO2I*DPTDXAX0, 25
G0 10 437

136 opPTHO=0.0
PPTDXO=0,.0

CawawxDMLHS=LFFT HAxND €1DC OF MODPNTUN FAN. (OUTER HALL)

c IFf THE CORRECT SHADPE PARANFTER (SYIN FRICTION COEFFIGIENTY HAS

C BEEN ASSUHFEN pHEHS UILL RE ZFRD OR WITHIN THE LIMITS SPECIFLIED Ry
c ntd. IF npMLHG 19 QUTSTIDE THFE {INITS THEN A NFW VALUE OF CFPO 1S

¢ ESTIMATID AND THE CALCULATIONS REPEATFD UNTIL nHLHS COMES WITHIN
¢ LIMITS

137 DMLHS=DTHXO«THRETOI* ({DRDXO/ROIIS(DUNDXO=(HAXTIO$42,)) /UIMOY) = TAUQY D
APTNO~REVYSEQ
DPTDXRanpTNXN
$109=DMysls
WRITE(2.R3304)IMHLHS(CF20,HAXIO?2,DELCODY,DPTMO,THETNZ
3301 FORNMATH(FO A6,4Y ,FQ, G, LY, FO 8, 4X ,F7,6, 4%, F8, 5,4%,FR,5)
S102=A0(¢(5101)mDM
TF(8102)51,51,82

Cxxwex ITERATION PROAGFDURE TO FIND THE CNORRECY VALUE af CF20

§2 DASDAR+T .
DCEDR=2 .
DESDR=T
TE(DCY&LNN, AN, 401
600 §121=81M1
$122=CEP2N
CF202CE20=Dr 1NN
60 TO 53
601 TF(DEYSN?,B04,604
602 1F{(5101)46n3,51,009
603 TF(S121Y604.,51,n07
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606 s103=A8B5¢(5101)
$104=AR5 (8121
$§105=5103-8104
$106=Cr20=8972

f $107=51n6/510%
$108=5101
$109=Cf2n
DCF=5121%81n7
CF20=581224+NCF
G0 TO 5%

607 $131=Ans(s5101)y
§132=ARS (8121
S133=2817%14813%)
§134=CFP0~8127
$135=51%4/593%
s108=8101
$109=Cr2n
DCF=5135%51 01
CF20=CE20+DOF
60 TN 5%

609 TF(S1211610,59,611

610 $141=AB5¢(8101)
S142=ARS (121
$143=5141+8942
§144=20FP0=8172
S14528144/814%
$108=51401
s109=CE20
NCEF=S145%¢1 01
CFE20=CF2n=~DnF
GO 17O 5%

611 s113=AR5¢(58101)
$114=ARS5¢c121)
$115235113-8114
s116=CFPn=-812>2
$117=5116/%115
$108=5101
s10e=Ceg20n
DCF=ST117%5121
CF20=5122=D¢rF
60 TO 5%

604 TF(S101)405.51,612

605 TF(31083604.51,608

608 s131=AB5(S101)Y
$132=AR5(519R8)
§133=5131+8132
$134=CF2n=8%10na
§135=5134/%133%
$103=51014
8109=Cf20
DCF=58135eg1171
CF20=CRP0+NOF
60 TO 5%

612 1F(s10R)413,51,0611

613 S151=2ARS (8111
S152=ARS(<118)
$154=CF20=58100
S13325151«8152
§155=5154/8453
§103=5101
s1lo=alprn
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PCF=8155%31n1
CF20=CRP0-DCF
GO TO 83

51 CONTINUE

91 CONTINUFE

c |

¢
57 CONTINUF

CodnxxCALCULATION OF INNER WALL POUNDARY LAYER PARAMETFRS AT (X#DX)

C THE PRAOCENURF FoRp CONSTRUCTING THE VELOCITY PROAFILE #FprOM AN
C ASSUNFD VALUF OF SKIN ERIGTIONM COFFFICIENT I8 THF SAME AS THA?Y
C QUTLINED FOR THE OUTER WALL PROFILE AT INLET

XXU=0.0

IF(CF213859,850,860
859 CF21=0_0n0005
860 ROOT21=80PT(CRE?1%0,5)
DELCT1=RN2aR 1>
UTAUT=U I 2%RONT2 Y
753 B2AI=(COLFKI*»N,.5)Y/RONTR]
B2BI=, S«AL0GCUTAUTW(NELCITY/ (ENUR12.Y)
B2CI=CNIFCT«COlLFKI*),5
BeI=B2A1~R2R1mk2C]
TF{(GA.FN,.1.0)a0 10 6403
GRS
BHAYX =Bm0 |
IF(BMAXYAR4L02,840%3,7403
8402 coMTIHUE
IF(BIES ., 60,49
68 DELCIT=0.81%(n?aR12)
GO TO 79
69 CONTIMNyE
DELUDD=4(1)+u(?)*a«u(3)*(B**2)+u(k)*(a.*S)«U(S)*(Bt*4)+u(6>*taa*S)
T4UCZ Y% (e b)Y+ LR % (R w?) AU YR (Band)
PELCTIYanFLURDw¢rM29R12)
79 CONTINUF
BRAI=(COLFREI*N_ 5)Y/ROOT21
B2BI=.S+«AINGOITAUI¥(DELCIT1)/(ENU*12.))
BeCI=COLECT«CAtryYI®e),S
B21=B2A1-L?R1aR2C1
RaB21
DELUDDRU(1)+U(?)wﬂ*U(3)*(B**?)*U(4)*(B**S)tU(S}*(B**L)%U(é)*(B**S)
T+U )% (B e 4 I (RINR(Bwn?)+U(OY R {Bwnd)
DELCIT=nELUnDe(RI2"R12)
RZAI=(COLFKI*n 5)/RanT2]
B2BI=.5+A10ACHTANT*(NELCTIT1Y/ (ENU*12.))
B2CI=COtFCTalnLFKI*), 5
B2I=B2AI=~42R1an2C]
ROTTAA=R2At<B?RI
B=B21
DELUDD=W(1)aH(?)tB#U(S)*(H**?)tu(A)*(B**})ou(S}*(Bt*a)+U(6)t(Bt*%)
T+UCTI R (R b)Y+ AR (Re*? )4 U{O YR (R4 28)
DELCIT=nFLUAD® (RM2=RT2)
R2A1=(COLFKTI*n_5)/ROOT?!
R2BI=.S+A10G(UTAUT*(NELCIY)/(ENU*12. )Y)
B2CI=COLEALI«CALFKI*0.5
B2I=B2A1=RP2RI~R2(C1
R=R21
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834603
76

24

1140

647

DELUDD= ¢y 4+t (2)wB*U(3Y % (Bww2)+W(AY # (Bew3) e {S) % (Brelb)+W(6)«(Bwab)
T+UCZI* (nawtY +UBIR{Ben?) dU{OY*(Bwd)
DELCIZ2=nFLIINDw(RI2mPT2)
pELCITI=NELCT2

GO TO 74

DELC11arN2=R1p

pCLcOLapELcr

ROELI=DFLEN «RT2

DRI=DELCOL /N

RRI=ZRI?+(DRI*_K)Y

SUH12=0.

SUM22=0,

SUN32=0.

SuUN42=0,

SUMS2=0.

SUN?72=0_0

sUHgz=0

b0 54,1=1,H

RATII2aRRI/ K12

DIFRISRRTI=PI?
U2TA=CUTAUT/COLEKEY wALQGCUTAUI#DIFRI/Z(ENU*T2, )}
U2IB=UTAUTI* 01 FCT
DISIND=(RRI-RIDY/DELCOL
UAKES=R2 1w (1 /rOLERT)* (1, +SINC3 1414 (DISINDm,5))) #1JTAUT
U2T=U21A+UP IR +1TAKED
UND2I=U2T/U 112
c2l=s(1 . -uub2tywnr!

p2l=C2I%Utn2y

E2I=021%«RATTII?

F2I=E2T%1ID21

EN2IsU2 14D 1121 +DRIWRRI w6, 2834
ENDI=UNR2I % HnDY

G2I=(1, ~FNDY &2 TwRATITI?wDR]
Q1252, %3, 1416+RRI+DRTRUMI2aUND2]Y
SUfP2=81N1P+n 2t

sutzz=ssun?2:n21

SUN32=qui1324F 21

SUMLZ2=QUNAZ L F2Y

SUNG2=QIjHS52 4021

SUMZ2=gUH72 4R 2 1

sUle2=gue24nt?

RRI=RRI+NP!

H2DIZ2=qu12 /511122

HAXT12«1M'IFR “JA1 L SHAPE PARAMETER

DLSTIZ2=DIGPLAGEIENT THICKNFSS

THETIZ2=tONENTING THICKNESS

UNI2~MAX., VELaCTITY IN THNFR LAYER AT (X+DX) CALCULATED FROWM
CONTINUITY Fan.

UUMAXT«RATTIN OF MEAH TO MAXIUN VELOCITY IN IMNWNER WALL LAVYER

HAXTIIZ2asuUn32/qtn4?

DLETIZ=S1INR)?

EN2IaSUNP24 (3 1417% (UNT2# 23 Y% ((RM2xx?2, )= (RDELY*%2,)))
THETIZ=2g1m4?

ENTHIZ2agI1572

RI23SUMOD e (3. 1417+UN12% ((RN2wx2 Yw(PDELI#*2,)))
UMI2=(a1/012)aling?

XXU=XXi1+41.,

XDUsXX =1,

TFC(XDUYRAD ,RA0,558




YOO

IO

555

7506
7507

338

7512

7514
7515

648

COHNTIRUE
UMELIZ=R(0OUT 2 (atH2%*2 )m(RIZ*%2,.))
BUPAXTI =T = (2, «RI2%wSUNMI2/ ((RHP %42 Y™ (R)1 222 _)))

IF(GY1.Ea. 4 .M an 710 7506

SUBROUTTIHE F0n cALCULATING HORHAL STRESS TERM
INNER yalLl
REYSCI=REYHALNS NORITAL STRESS COEFFICIENT

PDELTA=NRLATI2AnLST]Y
DNELDXanPFLTA/DY
REYSCIm0. 0345+ (HAXT12=9,)Y*DDELDX
END OF gtnpalTinp

GO0 TO ?5G7

REYSCI=sn. D

CONTIHUR

DTHXI=RATFE OF CHAHGE OF MODENTUN THICKHFSS ¢1HNER MALLY
DUMDXT-RATF DF CHANGE QF HAXINUN VELOCITY
DTHDXT=RATFE OF CHAUGE OF EUELRGY THICKNESS

DTHXI=(THFTI2«THETIqY /DX
DUMDXTI=ctNTID2miiir 4/ 0¥
DTHOXI= CFIUTHIZ?wrkTHIY) /DX
FI3(3.#FHTHI2 ennntDX1Y /U111
E2=DFLATY~DUSYT2
nPTpXIan. 0
[F(GZ2.Fa.1.760 TO 388
cpl=CD

CDCFI=Cn/CR21

CONTTHURE

IF(G3.Ea.1.0)a0 YO 7508

CALCULATION 0Of piISSIPATION COFFFICIFMT USING MIXING LENGTH THEORY

SUNNDESan . 0

DRIMT=DFLAEIN/640.0

RREDRINT

R=DRINTY/?.

po 7511 1s1,59

PND=RR/DEEOT

TF(RND=0 2)Y7512,7514,753%4

MIXLND=RMOhw1 75

MIXL=DTXL!DxDLSTY2

G0 T ?515%

MIXL=0.35«DiSTI?

CORTINUF
U2TA=(UTANT/OENLFRId) e ALOGCUTAUTI #R/ (ENU®Y2,))
u2Ip=UTAli*cOLrCY

DISINDaR/NFLCTY

WAKEI=R?2Tw {1 . /r0LEKIY®CT +SINC3 1414w (DISINDR, G ) wUITAUTL
U21=U2TA+UD IR IAKE!D

UNDAR=UDT/U 31

RER+DRIYT
U2TASCUTAOT/EM ERIY wALOGCUTAUT #R/(EHUXT2,Y)
U2Ip=UTAlT*E0LFY

DISIND=a/NFICTY

WAKET=B214C1, /C00LERII* {1, ¢SINC3, 1416w (DISIHD», 8% TAU]
U2T=U21A4 1210+ UAKE]




OO

[ N o)

A0

7511
7508

7509

7510

138

139

56

649

UNDZR=UPI/UMI2
DUND=ARSC(UNRPR-IHDIR) JDRIKNT)
DISPAT22 wNIXLwttIXUw{DUNDw®*3 Y*pRINT
sufipIS=siMDIS+nISPAT

RRERR+DRINT

¢hlizsUsnts

CONTINYF

1F(G4.Ea.1.90)Y60 TO 7508

CALCULATION OF pISSIPATION CORFFICIENT USING THE CORRELATION DUE
TO GOLDRFRG

PSGON=(THETTT#nutDX Y/ UI1TY
CDECPP=1.~(25000000 0+ (PSODH«*3))m (100, 0%PSGDHY
RENTI=¢IIHTIT«THFTIT) /(ENU#12.)

COFp=0 0112/ (RFLTT*w0,1667)

CDEQL=CnFP*ODELDP
BCDRX=(O, 03w (CFAL-CDIIN)/THETI

DCD=DLnnXYehy

CR2I=Ch1T+NED

chi=CD2t
WRITF(2,6304ynpTDXL,CD21,0011,CDECDP,PSGDN,ADFR,CNERL
CONTINUYr

CALCULATION Of TOTAL PRESSURE GRADIFNT FROM THE EFHERGY INTEGRAL
EQUATINN

DPTDXI=(NTHOXtCDI*EY)/E2
WRITF(2,630mnpTnX]I,CDI

IF(G5.F0. 1. M60 1O 7510

CONTINIIF

TAUIZ=CF21*0.5

TAUIX=(TAUTI+TAII12) /2,
GEOHPI=THFTI1 & {(nRDOXI/RIN)
GRADPYaTHEY L1+ ((PUNMDXT+(HAXITI+2.))/unI1)

CALCULATION 0OF TOTAL PRESSURE GRADIEMT TERM IN HOHENTUM gQN
IF(G6.En.1.9360 TO 138
DPTHIZ22¢C(RAZ2=RN2)=(RIZ*RIPIY/RIZI*DPTIDXOX0.25

60 TO 1730

DPTHI=N. D

DMLHT=LEET HAND SIDF OF MONENTUIY FON. (TINNER UALL)

DHLHT=NTHY L aTHETI I * CCDRDXI/RINY (DO I # (HAXTIT 142, )/ UMI1)=TAUIX D
1PTHI=~REYSI Y

IF THE CORPREGT SHAPU PARANFTER (SKIN FRIGTION COEFFICTIENTY HAS
BEEN ASSUIFN NHIHT JTILL RE ZFRO OR YITHIN THF LIMITS SPECIFIED avy
DH. TIF nMILHT 19 OUTSIDE THE LINITS THFN A NFW vALUE OF CF21 18
FSTIMATED AWND THE CALCULATIONS REPEATED UNTIL HHLHT COMFS WITHIN
LIMITS

s2U01=p 1y HY

WRITE(2,A3N4 YN HTCF2T , HAXIT12,DFLCIY,DPTMI,THRETIZ
S292=2ARS (5231 YunH

1F(52032)5%,55,56

TTERATION PROckEnURE TO FIHD CORRECT VALUE OF Ce21

DDEDD+Y




700

701
702
703
706

707

709
710

711

704
705
708
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DFRDD-2.

DERPN=T
IF(RDFYZ00,701,701
§224=8204
5222=CED1
NF2I=CF2I=DAINY
GO TN S7
TFL{pGI?0?, 704,704
1F(52013703,55,700
1F(8221)Y706,55,707
$203=AR5 (2201
S2U42ARG (5271
5205=5203-4204
5206=CF21=-Q227
§207=252064/%708%
5208=52u11
g200=Cpo1
DCF=R221%8207
CFE1=8222+N0rF

GO TD §7
§231=ARS(S?201)
§232=An5(¢5221)
§233=282%1+5237
§234=2CF21-%7222
§235=25234/823%
520825201
§2V0=CF21
hCF=8235+«8201
CFZ1=CR21+NCT

GO TO 57
TF{52213710,58%,711
§241=ARS (8201
S242=ANS(S?21)y
$2435S2414874)
§244=CFP1=8227
S2AL52SP4L41874%
$208=8201
S2U0=CEDT
DCF=8245%4291
CF21=CF21=DrF

GO TO §7
$213=A04¢5201)
$214=A04(5221)
$215%5213=-8214
§216=CFE21=822)
$217=5214/8215
$208=5201
s20o=Cpo1
DCF=S217%5201
CF2I=872722aNCF

60 10 57
1F(3204y70n%5,585,712
1F(g208Y7034,55,708
$231=ABS(S?211)
§232=ARG (8208
§233=52%1+823>
§234=CFP1=8200
S235=287234/423%
§208=5201
g2lo=Cp2y
PCF=5235+5201




55
98

CXXXXXHAVIRG

v NeNe NNy Nl

CF21=CFR1+NhAF
GO TO 57
1F(s208)713.55,711
§251%ARG (5201
§232=ARG (52 )A)
§253=5251+8232
§254=CFP1-8200
$255=28254/625%
5208=5201
g200=CED
hCF=8285%«102n1
CF2I=CE21=DeF
GO 70O 87
CONTINUF
CONTINUF
PLDASISNELDAS

651

SOLVEND THF NONMENTUH FOQUATIONS THE VALUER] OF HAX, VFLOCITY

FOR THE TUD LAYIRS ARE CONPARED, TF THEY ARFE THF SAME OR WITHIN
THE LIMITS QpretfIED RY nUDY THEN YHE CORRFOT VALUE OF THE pASITION

OF HAXITUN VvEIOCITY(RN?)

HAS BECN ASsUMER, IF YHE DIFFERENCE 1IN

VELOCITY(UIEHSY 1S OQUTSINFE THF SPECIFIFD LIMITS THEN A NFW VALUE
OF RM2 1S FSTINATED AND THE CALCULATIONS RRPEATED UNTIL (UNLHS)

COMES WIYTJAdYH 111175,

§3U2=ARS (5301 YmnlH

NRITE(2,2231 12, UlN07,UNT2

2231 FORNATUF1?2.45,4%,F12.644X,F12.6)

IF(8302)59,59,709

CXXXXXREITERATION PrOCFDURFE TO FIin CORRELT VALUE OF kM2

799

800

82

83

£01
802
803
306

807

TEIVIIES I

UVELU=D |

uw=pu-~3 .
TFCUVIRNO, 301,301
§324=5301
§322=RM?

TFCUMO2-U11T2) 32,59,33

COHTINNE
RU2=RHZ+DRITINTY

GO TO 553

nuMt=10 n

60 TO S0
IFCUWIRNY,A04, 808
TFES3041Ya7%,50,309
1IF(8321Y8064,59,307
$303=A84(570n1)
S3I04=ARS (8321
S3U5=83n3=-8304
§304=RUP 5307
§30725704/8%05%
S308=57%n1

§300=pnp
DRM=832148307
R11€=83224nNY

G0 TO 853

8331=ARq (3311
$§332=3ARS (<301
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§333258%31+4833%2
§3343RMP=RR2?
§335=25334/58%%%
530825701
§3UG=RY?
PRII=S33S+5T01
RHM2=RN2+Dal
60 TO 554

809 TF(§3213310,50,311

B10 $341=AB5¢8741)
§342=ARS (821
S3432834149%40
S3h4=RMP=gTD)
$345=28T44/834%
§308=53%01
§300=RH?
DRI=SI45=87301
RM2=RMP?~pu!l
GO TO 558

R11 s313=ARg (5711
$314=ARq (521
§315=25313-8%14
$316=R"1P=8%22
$317=3%3146/¢315
§303=5701
§300=R"D
DRH=S347%5301
RMZ=8327=nR |
60 TO 558

804 1F(s3013305,50,312

8¢S 1F{5308Y806,5%,308

808 $331=ARS(5301)
§332=ARg (210
$33325331+8332
§334=R1P2w5T00Q
$335=537%4/833%
$308=5%01
$309=Rru?
DRM=8§335%5Tn1
RHZ=RH2+nPU}
GO TN 5858

842 1F(5303384%,5%7,311

B13 §351=AR5(s391)
S3A52=2ARg{(5T08)
3532535148357
S§334=RY2~4TN0
$355=8754/535%
§308=53n1
3300=R4p
PRU=8355%5 7101
RUZ=RM2~-Dut!
GO TO 553

CXXXXXIF CUMLHSY 1S YITHIN LIBITS THEM THE CALCULATIANS AT (X+DX) ARE
¢ COMPLETYFE ANN aLL THE DATA NBTYAINED AT (X+h¥X) IS RE=SPFCIFIED TO
[ BECOME THF nATA AT IHLET TO YHE NEXT STEP

59 CONTINUF
UMMAX=Z4 » ((R0724018TO2) 4 (R12+DLSTIZ2)) /(N . 5«{(RO2%RO2)n(RIZ2#RIZ)))
ENGRAX=S . «FyTHO2«DUNIDXD/UMTY
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AREARO=C¢C(RO2%nn2)m(RI2*RI2)) /11,
UHEANZ2alHAY » IO 2
UMEANI=IMF AP« AREARD

¢ CALCULAYION 0F VRLOCITY PROFILE FHERGY COEFFICIENT AT (X+DX)
ALPUHR(EH204RN? 1Y JCCUNEAN2 » %3 3 w3 1417+ ((R02%ROPIm(RI2%RIZ)))
¢ CALCULAYION OF 10SS COFFEICIENT

RMLOSCarMLOST+ARS(CDRTNIXRAUNOZ*UHMO24DX) / (UMEANT* UEANT))
RULOSTarmLOSE

CovwxaUARNING TF GALCULATION DOES NOT COMNENMECE AT X=0,0 THEM THE :
¢ INITIAL vaALJE op CP HUST RE THE INDFAL YALUE S0 THAT WHEN THFE INITIA
¢ INITIAL LuSS nOFFF I8 SUBTRACTED THF ACTUAL CP IS OBTAINED

TF(GH,.EN.1.0)60 TO 347
GO TO 3R4
387 RMLOSC=0_0
386 colyINnE
CPECPIMNTSCC NI HT*IITHYY m (HOZWHNOZYY FCUMEANT HJHEANTY Y mRMLOSE
CPIDL=T 04S~(AtpH/CAREARO®ARFARD))
LOSCOF=rPIN( =P

CaandxSTORAGE OF vAItIFrs AT (X+DX) PRIOR TO THESE VALUES BECOMING THE
Crewtx INITIAL COUNITIONS TO THF NEXT STEP

M=MH+1

12M

ALPHACTIY=ALDPH

RMA(TI)=pH?

PPTHACI)Y=NPTMD

CPA(TY=rpp

LOS(I)Y=108CEF

ARA(D)=ARTARN

UMHACT Y =tinf1a4Y

THETI(I)=THRTL?

HIACI)al[AXT12

THETO(IYy=THETND?

HOA(I)aHAXTA?

XAC(I)=xACT

PELTHO (I Y=PTryn?

DISNOCIY=RED

ENGRAD(I)=FNGRAX

DRTOX(I)Y=nRTHhYR

DELTHI(EY=FdTHI?

DISHICLY=GDT

SHSTO(IY=RFYSRO

CFO()=acF2n

GRADPO(TI)aRANPY

GEOHMPOCTIY=GEN DY

SHSTI(I)1eRFYSOT

CFI(1)=cr21

GRADPIC(I)RGuADDY

WRITEC(2, 46730 %XACT HAXIOZ2,HAXIT12,R02,RH2,R12, 0107
4437 FORUATULPX.FS 2,09% e FO . 300X F6. 343X F6.3 103X FO. 3,30 FG. 33X, F8,.3)

WRITF(2,3000 0T IX0,uFONPX, GRADPX , TAUDX, THETN2, THETO
8000 FORMAT(ED , 6,2%,FO, 0,2X,F0,6,2X,F0.6,2X,F0_.6,2X,F9,6)

NRITF(2,8000InTuX1,uFOMPY  GRADPY, TAUIX, THETI2, THFTIY
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CramiwREVISED INLET aNDITIONS TO NEXT STFP

ROT=RO?
R11=r1?2
RHI=RN?
MO =UMn?
untTa=unr2
CFlo=CF20
CFYlI=CF21
TAUOI=TAN?
DPTiil=ppTH]?
DPTHA=NPTMN?
HAX10T=HAXTN?
HAXIT 1 wi{AXT1?
NLSTOT=nLSTY?
DLSTIT=nLSsTT?
THETO1=2THFTA?
THETIVTaTHETT?2
TAUR1=TAUT?
DREHINT=nH?=g32?
FNTHIlT=FHNTHT?
ENTHO Y =sFHTHNA?
cplo=Chon
DCINO=G122=rF20
NCIHISgPR2?2s0F21
chbir=Cnol
GO TO A0

2100 CONTIHNUF

CreuwrxpRINT OUT NF RESULTS

WRITF(2,141)Y
147 FORNAT(1HY)
WRITF(2,14%)
145 FORNMAT(//1)
URITE(2,100)
100 FORMAT(30X,424PREDICTION OF AMNULAR DIFFUSER PERFORIAMCE)Y
WRITF(2.,101)y
101 FORMAT(/18Y,15HnIFFUSER GFEOHFTRY,)
WRITE(2,402YUALANDSUALANT
102 FORMAT(/13X, 700 1ALL ANGLFS, QUTERS)F7.3,1%X,9RDEGREES ,,6HINNER=,FA
1.3¢14X,7UHNFARFEFQ)
URITE(2,103yR0T14T,RITHT
103 FORNATCARX,AOHINLET RADIT, OQUTER=,F5,.2,1X,6HINg, ,,6HINNFR=,FS5,2,4
1%, 8HING )
WRITE(2,904)ynFNDL
104 FORIDATC18%, 2541 FFUSER NON DIMENSTIOHALS,FS.4)
WRITE(2,105 %At
105 FORMAT(/13X,4SHINLEY CONPITIOHS C(CALCULATIONS COMMENCE AT X=,F6.3,
11X 5HING,Y)
WRITE(2,106%HaTyT HIINT
106 FORMAY(/10X,20USHAPE PARAHETERS. OUTER UWALL=,FA. 31X 11HINNER WALL
2, F6.5)
WRITE(2,107)YTHAINT  THIINT
107 FORMAT (13X, T1ubaMENTIHY THICKNESS, DUTFR WALL2sF6.3,1%X,4HINS, (141N
TNMER WALL=,FA 3,1%,3HINS)
WRITF(2.103 M1t
108 FGRHAT(1SXI1?H”AXI”UH V[LOCITY’:F8.301Xc6HFTISFC’
WRITF(2,10G YR IINT
109 FORMAT(18X%,30HRANDIUS OF POSITION OF HAXIMUM VELNCITYE,F6,3,1X)4HIN
18.77)




WRITF(2,8974)
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8026 FORMAT(/13X,58Hn1ST HO THETA

8927 FORMAT(19%,51HYX

1 Cp,oH RHMAX)
WRITE(?2,8C27)

114K INS)
DO 8922 1s1.1

NUTER

H1 THETA UMEAN AREA Loss

INNER UMAX RATIO COEFF,

RO22 WRITE(Z,A8923IXACCI) ,HOACT) ,THETOCI) ,HTACTY, THETI (D), UiMA(T) ,ARALY)
1,L08CIYLEPACEY , pHACTY L ALPHACT) »DPTIIACTY
8923 FORHAT(IZX fS. 2, 1% e FS5. 21X 1Fb6. 3, %1 F5.2, 1% F6,3,:2X,F6,3,1XF5,2,2¥%
1,F6.3,2X ,FA. 2%, FO,3,10%, F6. 342X, FR.H)

140

140
111
112
114
115

WRITF(2,110)

FORMAT(/18%,49H(FOR ADDITINNAL BOUNDARY LAYER DATA SEE OVERLEAE)Y)

WRITE(2,141)
WRITE(2,145)
WRITE(2.,14M)

FORMAT (35X, 42HPRFDICTION OF ANNULAR DIFFUSER PERFORMANCE)Y

URITF(2,111)

FORMAT /L0, 32H(ADDITIONAL BOUNDARY LAYFR DATAY)

WRITE(2.,11?)

FORIMAT (/35X ?3IHTHEORFTICAL ASSUHMPTIONS)

WRITE(2,114)

FORMAT (/35X ,28HVELOCITY PROFILE « COLES LAWY

URITF (2,415
FORMAT (35X ,37HSKIN ERICTION
TF(GA.EQ.1.0060 T0 117
URITE(2.,116)

COEFFICIENY w» COLES LAWY

116 FORMAT(ZSY,SOUMONTIFICATION TO BOUKDARY LAYER THICKNESS INCLUDED (R

117

TEVISEDY)

GO TO 149
URITF(2.11%)

118 FORPAT(I65X,SIANODIFICATION TO BOUNDARY LAYER THICKMESS HOT INCLUDF

149

120
121

156
119
150
122
123

124
125

126
127

128
129

167

140
29

1)

CONTINUE
IF(GI.Fa.1.1)60 TN 156
WRITE(2.121)

FORMAT(RSY,4SHFSTIITATE OF REYNOLDS

60 TO 150
CONTIHNUE
UWRITE(2,11%)

MORMAL STRESSFES INCLUDED)

FORHAT (35X, 4OMTSTIIVATE OF REYNOLDS NORMAL STRESSES 0T INCLUDED)

CONTINUF

IFCa2.En1.0060 TO 473
URITE(?,122)
FORMAT(5X,34HTOTAL PRESSURE
IF(G3.Fn.1.0)6G0 YO 925
WREITF(?2,4924)
FORMAT (75X, 44HTNTAL PRESSURE
IF(G4.Tn,5.0)60 1O 127
WRITE(2,1264)
FORIMAT (35X, 394 TUTAL PRESSURE
IF(GS.E0,.1.M)60 1O 429
WRITE(2,123)
FORMAT(3SX31HTATAL PRESSURE
IFC(GH.EN,.1.0)60 TO 157

60 T0 RPO

CONTIWNUFE

WRITF(2,130)
FORMAT(3SX,32HTOTAL PRESSURE
CONTINUT

IF(G7.F0.1.0)Y60 TO 5989

LOsSS

LOSS

LOss

LOSS

LSS

JHCLUDED (ROTTA))

INCLUDED (MIXING LENGTH))

INCLUDED (GOLDRERG))

THCLUDED (EXPERIMFHYAL RESULTSY)

HOT INGLUDED)
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WRITE(2,80901%)
8988 FORMAT(35X,404T0TAL PRESSURE LOSS INCLUDPED (SHEAR STRESS GRADIENT
TAT RIAXY)
8989 CONTINUF
131 WrRITF(2,132)
4§32 FORMAT(IGX,49unn HET HASS TRAHNSFER BETWEEN INHFR & OUTER LAYERS)
HRITF(2,133)
133 FORBAT(ZSY, 17410 POTENTIAL CORE/)
URITF(2,39223)

8928 FORIMAT(/SX,39HNIST DEL*% DISPH. DELw** DISPN,
1N.8.C. tF N.s.C. try
WRITE(2,3029)

3929 FORMAT(AX ,TIHY DUTER tno INHER cnl ou
1TER alTRR 1HNFR INNER)Y

DO 8924 1=1.1
8924 WRITF(2,R9783¥ACCI),DELTHOCIY ,NISHOCI) ,FNGRADC L) ,DPYDX (LY DELTHI(]
1y, DISNTI(UY,SHSTO(I),CFOCT) ,GRADPOCT) ,GEOMPO(CT) ,SHSTI(1) ,CFI(]I),GRA
2opl(l)
3925 FORNATUAX FS. 2, X e FO i AN T2 40 1XeF? 4 1% 82,6, 1%¢F6.304XF7.4,1%,
TE? o b e I FR S AN E7 b IX B S,IX F7 04 1%, F8,5,1%,F7.4)
60 10 1
$TOP
EnND

EHD OF SEGMENT, LFMGTH 06460, NANE B204



Appendix 29

Theoretical Boundary Layer Growth

Coles Law Prediction Method



Lol

TABLE A29-1

0.75, CNEA, (Boundary Layer Thickness modified using
correlation 'A' - Fig. 5-6-2)

PREDIFATION OF ANNULAR DIFFUSER PERFORMANCE
DIFFUSER GEOMETRY

__WALL ANGLFS OUTEp= 10,000 DEGRFFS .INNFRe 0.000 DEGREER
INIFT RADTI. OUTE®R= 6 13 INS. ,INNER=z 5.00 INS.
DYTFFUSER NOMN DIMENSIOMAL= 50

TNLFT CONDITINHS (CALCULATIONS COMMFNCE AT X= 0.750 INS )

SHAPE PARAMFTFRS. OUTFR WALL= 1 481 INNFR WALL= 1.407%

MOMENTUM THTCKNESS® OUTER WAIL= 0.056 INS.INNER WALI= O 041 1INS
MAXTHUM VELOCTTY= 137.400 FT/SEC

RADTUS OF POSITION OF MAXTMUM VFLOCITY= 5.555 INS.

nrsT HoO THETA HI THETA {IMEAN  AREA LNSsS ne RMAYX
X OUTER INNFR UMAX RATIO CoEFFf INS
1T 00 1.50 & 062 1.39 0 045 0.865 1.19 0 041 n 238 5.574
125 1.52 9 A8 1.64 0.049 N.85% 1.24 0.042 0 290 5.594
150 1.55 0 974 4.42 0.054 0.846 1 29 0 045 n.x36 5.617
" 7% 1.58 0 980 1.43 0 050 0.835% 1.34 0.046 0.377 5.637
2 00 1.2 0 U886 1.44 0 063 N.825 1.39 0.048 0 414 5.657
2 25 1.66 G 092 1.46 0.068 0.815 1 44 0.049 0 L47 5.&77
2 50 1.7¢0 0 083 41.47 0.073 0.804 1.50 0 050 0 476 5.694
275 1.75 0 105 1.49 0 078 0.793 4.55 0.052 0 502 5.714
3 u0 1.80 0 9 111 1,50 0.08% 06.781 1 60 0 054 0 8525 5.7%2
325 1.86 0 117 4$.51 0.0RSR 0.770 1 65 0.0564 N 845 5.750
350 1.92 0 124 1.53 0.092 0.758 1 71 0 057 0 563 5.7664
S 375 1.99 G 430 41.54 0.096 0.746 1.764 0 0SA 0n_s80 5.781
& 60 2.0 0 136 1.55 n.t00 0.734 1.81 0 060 0N 594 5.795
4 25 2.14 0 142 1.%6 0.104 p.721 1 87 0 062 n 406 5.809
& 50 2.2% 0 148 1.58 0.707 0.769 1 92 0 0673 n &7 5.R8214
475 2.35 O 952 1.58 ¢.110 N.495 1.97 D 065 0N £25 5_R3Y
5 00 2.52 0 156 1.59 0_.410 0.479 2 03 0.06% 0n_429 5.R8%%8

“(FOR ADDITIONAL BOUNDARY [AYER DATA SEE OVERLEAF)




TABLE A25-2

0.75, CNEA, CORRELATION - A

PREDICTION OF ANNUtLAR DIFFUSER PERFORMANCE
(ADDYTINNAL BOUNDARY LAYER DATA)
THEORETICAL ASSUMPTIONS

VELOCITY PROFILF = COLFS LAY

RKIN FRICTION COEFFICIENT -« COLES 1AW

MODIFICATION TO ROUNDARY LAYFR THIGKNEcS INCLUDED
FSTIMATF OF REYNOLNS NORMAL STRFSSES INCtUDED

TOTAL PRFSSURE (LOSS INCLUDED (EXPERIMENTAL RESULTS)
NO NET MASS TRANSFFR BETWEEN INNER & OUTFR LAYERS
NO POTENTIAL CORF

Y

DIST DEL*» DISON. 3854y J{[g&] hEL#+ DISON. N.S.C. CF 8,(H+2)dU G, dr. N.S,C. CF (H+2)8idu
X QUTER ano T &  pURdxlm INNER 601 OUTER OUTFR U ° ‘dx Rodx_ INNER INNER U cx
1.00 0.105 6 0000 =0 0410 =0 09720 0 479 0 0000 0.0007 0 00225 -0 0255 0.N0162 0.0003 0.00290 =0,0181
1.25 0,114 u (000 =0.0400 =0 0u?2 0 GB& 0 0000 0.0008 0 00211 =0 0252 0.00176 0.0004 0.00480 =0.G176
1.50 0,124 0 w00 =0.0493 <0 0074 0 004 0_0000 0.0009 0 00199 -0 0259 0.00192 0.00046 0.00269 -0.0185
1.75 0,133 0 4000 =0 0474 =0 0075 0 102 0.00006 0.0010 0 00186 =g 0271 0.00207 0.0005 0.00€¢60 ~0.0191
2,00 0.142 u adud =0 04618 =0 0077 0 109 0 0000 0.0011 0.00173 «0 0230 0.0n223 0.0005 0.00250 =0.0198
.25 0,151 u 0000 =0 0437 =0 0079 0117 0.0000 6.0013 0.00161 «0 02&5 0.00238 0.0005 0.00241 =0.0201
2,50 0.76% { 406D =0 v4U7 =0 6381 0 125 0 0006 0.0015 0 00147 -n 0284 0.00253 0.0006 0.00233 «0.0197
2.75 0,169 0 0600 =0 . 0406 =~y 0083 0.133 0.06000 6.0017 0 00134 =0 0291 0 00269 0_0006 0.00225 =0.0202
3.00 0,178 4 06uf =0 0390 =0 0085 0.161 0 0000 G.0020 0 00124 =0 0286 0.00285 0.0006 0.00217 =0.0203
3.25 0.437 0 0000 =0 0370 =0 6036 0.148 0 0000 0.0023 0.00109 -0 0285 0.0020% 0.0006 0.00200 =0.0200
3.30 0495 9 ngd =0.0371 -0 G438 0 155 0.0000  0.0026 0 00097 -0 0287 0. 00314 0.0006 0.00203 =0,0195
3.75 0 2ud 0 0000 =9 0%70 =0 gOBE 0 161 0.0000 0.003¢ 0 00085 =0 0293 0 00329 0.0006 0.00197 ~0.0186
4.00 0.212 u 4000 =0.0340 =0 D089 0 168 0 0000 0.0034 0 00075 =p 0278 0 00344 0.0006 0.00191 =0.0191
.25 0.279 0 4000 =0 019 =0 04989 0,174 0 0000 0 0039 0 00085 -0 0268 0.00358 0.0006 0.00186 =0.0175
4.50 0.226 4 0600 =0.0297 ~0 GOEO  0.179 0 0000 0.0046 0 00NS5 -0 0257 0.00371 0.0005 0.00182 =0.015%
4,75 0.2317 0 B0 =0.0235 =0 0BG A_1R3 0 000D 0.0055 0 00045 -0 0214 G 0n383 0.0005 0.00178 =0.0137
5.00 0 2354 0 4000 =0.0435 =0 LOR® 0.184 0 0000 0 0UP% 0 00073 0128 0 00383 0.0002 0._A0177 =0 0049

. - = {}
‘' --- '~ > > ‘%7 V. a8 7 LVl U Uury 4 UYHSS =i dles U 00395 G 0U0e O NO177 =0 600489
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1.25,

PRENDIFTION OF ANNULAR DIFFUSFR

DIFFUSER GEONFTRY

JALL ANGLFS_ ntTEp= 6.650 PFGREFS ,1HNNFR=
INLET RADBIL.
DYFFUSER NOY

THLEY COndITIONS (CALCULATIONS COMMENCE AT

&

59

TABLE A29-~3

CNEA, CORRELATION

fiJTER= 6 15 INS.

PDIMENSIONAL=

SHAPEF PARAHFTFRR,

MOMENTUY THTCKnESS .,

7.5

OUTFR WALI =

+ITMNER=

1 490 INNER WALL=
OUTER WAIL= 0,088 INS.IHHFR

FANTHUM VRLOCTTY= 127.600 FT/SEC
RARTUS OF POSYTION OF MAXIMUM VELOCITY® 5 5664 INS.

DTST
¥
3n
.75
an
25
.51
.75
an
.25
LS50
.75
.00
25
SIH
75
f; 0
2R
.50
.75
J0
.25
.50
75
t{)
.25
S0

[

(FOR ADDITIOMAL BRUNDARY LAYER NDATA SEE

Ho

1.5
1.52
1.54
1.56
41.58
1.60
4.62
1.64
1.67
1.70
1.7%
1.77
5.31
1.484
5,80
1.63
1,07
2.1
2.04
2.11
2.17
2.23
2.39
2.37?
2.59

THEYA
QUTER
0s2
046
070
074
073
082
VR
L0899
0%«
ues
192
167
111
115
129
124
126
132
130
Thu
144
44
151
185

QDO DOUOODOS L Do oOHDC LD DO DOO

156 -

THFTA
INNEFR
L0309
041
N{FAA
047
A
.082
. 058
.N58
LN60
063
066
068
.071
073
LO76
073
. 081
083
.085
Q87
.(RQ
. 091
.93
004
.094

D DD IODDODODODDIDOIODIDODODDODDDIDDID D

- A

.00 INS.

PERFORMANCE

1.304
ALl =

AREA .oSS
RATID COFFF
1.19 0 047
1.23 0 066
1 26 0 047
1.29 0.040
1.33 0 050
1.36 0.05%
1,39 0057
1.463 0.054
1.46 0 0558
1 49 0.057
1 53 0 058
1.56 0 060
1.60 0 060
.63 0 N2
1.67 0 06%
9 70 0 06%
1.74 0 065
177 0 067
1 81 0.068
1.84 0 068
1 88 6.070
1,92 0.072
1.95% 0 072
1.99 0 073
2.02 0 074
OVERLEAF)

6.000 DEGREES

0.0%6 1HS

DD DD DDODODDDDDDIODDDDDDIOD2IODOD DD D

X= 1.250 I1NS.)

co

. 239
273
3053

LX33

. 862
TR/3
412
L34
LS54

LL73
L90
§05
§20
5§33
5§46
5§58
569
§7Q
§R&
507
6064

A1
417
422
_h2h

RMAX

—
=
43

iyrnnrulr Tl mraranuarar ' viuvun v

L8709
.892
L6084
A0
.6732
YY)
688
671
684
604
L7048
.79
7350
A
7581
761
771
L7814
790
708
LRav?
814
LR21
.BR27
.R?20




DIST

1.50
1.78
2,00
2.25
2.50
2.75
3.n0
3.25
3.50
3.75
4,00
4,25
4.50
4,75
5.00
5.25
5.5§
5.75
6,00
6.25
6.50
6.75
7.00
7.25
7.50

DEL ww
QUTER
$.408

-

<>

.

-
=

A9 T
123
130
L1364
A
LVAR
154
LTan
L1AA
I B s
7R
LiA4k
.ten
LiGA
AT
LPU8
i
.21 7
222
207
e
L7355
L7%6

DD DD DD DDOOD IDDTOD O DDD

O

NTSPN,
rna
AV EN VT
T anG0
v 1009
1 00l
7 .:!"L‘O
g 600
O o0
a oanng
0 60Ggo
U ahng
O ghad
D000
J toul
SO000
Jd unnaf
Douhan
3 ‘ArﬂUo
0G0
G0 niud
TG0
I} (JP- UO
r 0Ga
VA RSEVEY
a9 Gndg
S l-‘ﬂx}ﬂ

35"y
U

4.

()

-0'
-,
-0_
=0.

=0

=uy.
=0.
~{.
={.
-0,
-y,

-0

-Uq
-0.
={.

~u
=0

-0,
=-u.
.0187

=0

=d.
~Q.

ax
3768
0250
yers
027n
G27R
D278
D244
07234
232
ne27eR
275
J7260
271
G263
d707
0250
1240
0248
0246
NZ231
Gean
197

0177
HRTS

1.25, CNEA, CORRELATION - A

PREDICTION 0OF ANNULAR DIFFUSER PERFORMANCE

CANDDITIONAL BOUNDARY LAVER DATA)D

THEORETICAL ASSUMPTIONS

VELOCITY PROFILF - COLFS LAW

aKIN

FRICTION COFFFICIENT = COLFS (AW

#IDIFICATION TO BOUNDARY LAYFR THICKNESS INCLUBED
ESTIMATE OF REYNOLNDS NORMAL STRRESSFe IWNecIUDED

TOTAL PRESSHRF

LOSS INCLUDED (FXPERIMENTAL PESULTS)

MO NFT ITASS TRANSFER RAETWEEN INNFR & OQOUTFR LAYERS

NO POTENTTAL CORE

2 Jgp} DNEL** DISPN. N.S8.C.
EEJEE]m TNNFR chl fHUTER
- D37 0.068 0.0000 0.0005
-0 G072 6.u72 0.0000 0.60005
=G udfe 0077 00,0600 00006
-y 0074 0,084 H.0000 0_0006
=0 0u?5 0 GRS 0.0000 0.0007
«( Q077 0 0@t 0. 0000 0.0007
=) UO78 0 096 0.0000 H.N008
= JO70 o 100 0.00a0 0.0008
=0 0030 0.105 0.0000 0.6G09
-3 G081 0,100 0_0006 0.0010
=) 0063 0.114 d.06000 O.0uU11
=) 0034 0,118 0.0000 0 0013
=G 0NBS 0,122 0.0000G 0_0044
=) vadbé 0.126 0.0000 0.0045
~ip UNE7 N.130 0.0000 0.0047
=0 N384 n.134 0.0000 §.0018
=) o088 0,433 0.0000 0.00%9
=0 (033 g.%42 0.0000 0_.06021
=) (O0B%  0.146 00000 0.0022
=0 (082 (.149 0.0000 00,0025
=3 0089 ¢.152 0.0000 D.0027
-y RS9 5. 1585%  0.0000 0.007%1
=3 091838 0,157 0.0000 00,0035
=) 04988 0,160 0.0000 0.0038
=g Odal 0,160 0.09000 0_0052

ODOCODDITIODODDIDDODDODIIOODIDD

Cr

nuTee

00227

.00218

0oen9

00201
00402
00184

0175
00487

.00158
.004580

001441

00131
022

00114
00106

00008

0000
N0on3
nop??
0da70

.00064

00057

.0hoosn

00044
0035

(Ho+2)§9qy

=) _

=0

-0_

=0

-ﬂ_
=0

-
~-{)

I-n_

- {}
-}
- ()
=

—n_
=-{}.
-n.

=0

-}
-
nﬂ.

()
=)

-ﬂ-
-,

- {3

U dx
072
N168
079
0480
0187
0189
Ne?
0198
000
0109
nacn
0169
02d4
0201
0end
02,5
0241
024
neas
0106
0190
Ni74
0149
0163
0082

SO DDOoOTOODODIDODOD DO DDDDODOSDR

9 ¢R,
R dx
.004109
Lan117
00123
.0013%0
0137
L0144
00151
.nn15?
Lon164
00171
.00178
004185
.00192
00198
anz05
.0nz212
00219
.an225
00231
00237
00243
.00249
.N6254
.AN259
LOnz2é4

M.s,tC.
INNER

0.0004
0.0002
0.0002
n.0002
0.0002
g.0002
0.0003
n.0002
n.0003
0.0003
0.0003
0.0003
0.0003
3.6G003
0.0003
H.0003
5.0003
0.0003
0.0003
0.0002
0.0002
6.0002
0.0002
0.0002
0.0000

CF
INNER
0.00322
0.00315
0.00308
6.00301
0.002%4
.00288
.002382
.00276
.00271
.00266
.00261
.00256
.00252
.00249
.00245
.00241
.00237
00234
.00231
.002¢28
.00225
.00223
.00221%
.00219
.00219

OO OO0 O0ODOOOOODDOOODD

(H|+2)_s.ld_u
U dx
=0,0104
-0,0104
-0.0100
=0,0110
=0,0110
=-0,0117
-0,0116
-0,0123
-0,0120
-0,0122
~0.0116
=0,0149
0,017
-0,0121
=0,0113
»0.0109
~0,0116
-0,0112
=0,0119
=0.0103
=-0,0104
~0,0093
-0,0083
-0,0081
-0,0039

099
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TABLE A29-5

1.25, CNEA, CORRELATION - B

) PREDICTION OF ANNULAR DIFFUSER PERFORMANCE
DIFFUSER GEOQNMRTRY.

WALL ANGLES, OUTER= 6.650 DFGREES ,INNFRm 0.000 DEGREES
IHLET RADII. OUTER= 6 18 INS. INNER= 5.00 INS.
DIFFUSER NON DIHENSIONAL= 7.5

THLET ConPITIoNS (CALCULATIaNS EQMMENGE AT X= 1.250 Iys.)

SHARPE PARAMFTFRS, OQUTFR UWALL= 1,502 INNER WALL= 1,392

MOMENTUN THICKNESS, QUTER WALL= 0.071 INS.INNER WALL= 0.062 1NMS
HAXTMUM VELOCTITY= 127.000 FT/SEL

RARYUS OF POSITIOH OF MAXTWMUM VELOCITY® 5,586 INS.

brgT Ho THETA H1 THETA UHFAN  AREA LOSS tp RMAX

X OUTFRR TNHER UMAX RATIO COEFE TNS
50 1.53 0.075 1.41 0.0664 0.822 1.19 .032 0.23% 5,580
75 1.56 0 079 1,43 0.070 0.813 1.2% 033 0.7268 5.694
oo 1.no 083 1,44 0074 0.805 1.26 .034 n.300 R.407
.25 1,62 086 4,46 0,077 0.79” 429 .035 0.328 5.621
.56 1,68 0%0 1,47 o, 084 0.73% 1 33 L037 0.353 5.634
75 1.6% 024 1.49 0.085 0.781 1.36 .038 0.x77 S.6L7

00 1.7%
.25 1.74
50 1.,8%
7% 1,88
00 1.64
.25 1.69
50 2.0%
.75 2.1
00 2.17
.25 2.2%3
50 2.30
.75 2.3R
0y 2.52
25 2.,7n
50 2.90
75 3,14

.0%8 4.5% 0.088  0.772 1.39
102 1.52 0,081 0,764 1
106 1,56 0.095 0.755 1.
109 1,56 0,098  0.746 1.49
113 4,58 0,101  0.737 1
1.60 0,104 0.728 1.56
9 1,61 0.107 0.719 1,60
3 1.63 0,110 0,710
7

.039  0.399 5,459
040 0,410 5,472
041 0,436 5,684
L043  0.453 5,696
L0440 48R 5. 707
N45  0.481 5,718
.047  0.494 5,730
048  0.50%5 5,740
_050 0.514 5,750
.051  0.526 5,760
L0553 0.535 5 769

1.65 0.413 0.701

RO OVIVTIVIVN A NP SUEHWR AN NN A S

1

1
1.67T 0,116 0,692 1
3 4,68 0 118 0.43%3 1.74
136 1.70 0.120 0.674 1 .054 0.542 5,777
178 4,70 0.129 0.66% 1 0.05% (0.548 5.780
Y36 1,70 o.120 0.659 1.84 0.056 0.545 5,730
i1%9 0 1,69 0,120 0.639 1,88  0.061 0.541 5.780
V127 1,69 0,420 0.h26 1,92 0.069 0.534 5.780

ol
[+ 3
QOO0 OO DO OO D O

COQCOOOOODOODOO0OODOO OO CO
-
-
[wa8

(FOR ADDITIONAL BOUNDARY LAYFR DATA SEF QVERLEAF)
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TABLE A29-6

_ 1.25, CNEA, CORRELATION - B
PREDICTION OF ANNULAR DIFFUSER PERFORMANCE

(ADDITIONAL BOUNDARY LAYER DATA)
THEORETICAL ASSUMPTIONS

VELOCITY PROFILF = COLFS LAW

SKIN FRICTION COEFFICIENT - COLES LAW

MODIFICATION TO RNUNDARY LAYFR THICKNESS IMCLUDED (REVISED)
ESTIMATE OF REVYHNOLNDS NORMAL STRESSES INCiLUDED

TOTA) PRESSURE LN%% TNCLUDED (EXPERIMENTAL RESULTS)

NO HNFT MASS TRANSFFR BETWEEN INNER R OUTFR LAYERS

NO POTENTIAL CORF

DIRT DEL** 0ISPN, 354U _g_[gﬁ,] DELw* DISPN. N.S8.C. CF (Ho+2)8dlU 6, dR, N.§S.C. CF (H,+2)8idy T
X nuTER eno Udsr puU%dx ], INNER el QUTER ouTER Udx  B.dx INNER INNFR Udx O
L5000 0,126 0 0000 =0.0262 =0_ 0076 0_.115 0.0000 0.0008 0.00206 ~0_ 0172 0_.00134 00,0004 0, 00260 =0,0149
LTS5 N UA32 0 0000 =0 0771 =0 0078 5,129 0.0000 0.0007 0.00195 ~0_0%80 0,00149 00,0004 0,.00€530 =0,0152
L0 0,438 0 0000 =0,.0275 =0, 0081 0,127 0.0000 0.0007 0.00184 ~0_0186 0.00148 00,0004 0,00€41 ~0,0160
.25 0,443 0 0nyd «0.027? =0.0083 0.133 0.0000 0.0008 ©0.00173 =0.0%187 0.00155 0,0004 0.00433 ~0,0167¢
L350 0,149 0 hann =0_.0261 =0 NNB6 0_13%8 0.0000 0.0009 0.00161 =0_0183 0. 00161 0,0005 0.00224 ~0,0158
75 0,454 0 0000 =0 0261 =0.0038 4.144 0.0000 0.0010 0.00150 =0.0186 (Q.np168 0,0005 0_.00216 =0,0156
LEO 0,160 0 yhgo =0 0860 =0 0090 Q0,149 0.0000 0.0011 0.00139 =0.0190 0.00174 0,0005 0.0040% =0,0158
.25 0,145 0 0000 =0.0249 =¢ 0093 0. 184 0.0000 0.0013 0,00128 =0_018S5 0.00181 10,0005 10,0001 =0.0155
.50 0,169 0 0n0n =0,0237 =0 0695 G.160 0.0000 0.0014 0.00117 =0.0180 0_.0C1R7 0,0006 0.00193 =0,0151
75 0,474 0 0000 =0.0235 ~¢_0097 0,145 0.0000 0.00%6 0.00406 «0_018% 0.0019% ¢.0006 0.00186 ~0,0150
LU0 0.178 0 0000 =0.0826 =0.0798 0,169 0.0000 0.0013 0.000946 =0.0179 0.00198 0,0006 0.00180 =0,0150
75 0,182 0.0060 =0.6217 ~0. 0099 0,174 0.0000 0.0019 0.00087 ~0.0176 0.00206 0,0006 0.00173 «0,0%43
50 0,187 00000 =6 0206 =0. 0100 o _178 0.0000 0.0021 0.00079 ~0.0171 0.00209 0.0006 0,n0167 =0 0144
W75 0,101 0.0000 =0.0205 =g.010¢0 0,182 0.0000 0.0023 0.00071 ~0.0473 0.0021& 00,0006 0.0016% -0,4*37
L0 0,106 0 GROD =0.0200 =0, 0100 0,186 00,0000 0_0025 0,00064 ~0_ 0173 0.00220 00,0006 0,00155 «0,0132
L25 0,700 0 0000 =0.01946 ~0 0100 0,990 0.0000 0.0027 0.00057 ~0_017%1 0.00225 ¢©.0006 0,00150 =-0,0132
LS50 0.20% 0 000N =0.0474 -0 0100 0¢.193 0.0000 0.0031 0.00050 =0_0157 0.00230 00,0006 0,00145 -0 0121
75 0N.P07 6 0nan «0.0150 =¢. 0100 0.1946 0.0000 0.0035 0.00044 =0.0147 0.700234 0,0005 0.00141 =0,0114
L0 0,208 0 0fnn =0_.0070 =0 0100 0_197 0.0000 0.0052 0_00034 =0_0076 0.00239 00,0001 0,00141 «0, 0058
.25 0,208 0.0000n =0 0037 =~0_G100 0.197 0.0000 0.0066 0.00024 =0 0037 0_.00240 =0,0001 0,00142 =0,00£7
LS50 0. 206 0 0000 (L0010 =0, 0090 A 197 0.0000 0.0077 0.00016 0.0020 0.00241 =0,0001 0,00143 =0, (046

75 0.20% 0 0000 9 0170 =0 0008 0.1Q04 0.0000 0_00920 0.00010 0 007R 0_N02T% =0, 0001 0,001464 ~0,0026

ROV AU P B A WHIHN WIS N Y
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TABLE A29-7

. . ____ _. 1.0, CNEA, CORRELATION - B ' o

__ _PREDIECTION OF ANNULAR DIFFUSER PERFORMANGCE

 DIFFUSER GEOHFTRY.

JALL ANGLUES, OUTER= 5,000 DFGREES ,INNER= 0,000 DEGREES
INLET RALII. OUTER= 6,09 INS. ,INNWER= 5.00 INS,
JDIFFUSER MON pIMENMSTIONAL= 10,0

INLET COUDITIONS (CALCULATIONS COMMENCE AT X= 4,000 INS.S

SHAPE PARAMETFRS, QOUTFR WALL= 1,399 INNER WALL=2 1,3%8

TONENTUY THICKNESS, QUTER WALL= 0,055 INS.IHHER WALL= 0.057 INS
_OMAXTIRUR VELACITY= 131,000 FT/SEC
_ RADILS QF POSITIUN OF MAXIHUM VELOCITY= 5,560 INS,

DIST Mo THEYA  HI  THFTA  UNEAN AREA  LOSS ep RMAX
X CUTER INNER UMAX RATIO (COEFF INS

1.50 1,43 2,060 1,38 0,063 0.848 1,14 0,020 0200 5,383
2.00 1,46 70,066 1,40 0,068 0,837 1,19 0,022 0 256 5605

2.50 1,48 0,071 4.43 0,074 0.826 1.24 0.02% 0.%05 §5.677
3.00 1.53 0,077 9.4% 0,084 0.814 1.29 0.028 0. 349 5.650
5,50 1.87 0,082 1.4 0,087  0.803 1.34  0.039 0.%37 5,472
&.00 1,¢1 0.088 1.59 0,003 0.791 4.3¢ 0.03¢4 0.621 5.694
4.50 1.06 0,003 1.54 0,090 0.730 1.46  0.03% 0.452 5.716
C5.00 4,71 0,099 4,57 0,105 0,768 4,49 0. 037 0479 5733
5.50 1,76 0,104 4.60 0.111 0.756 1.55§ 0.040 0.503 5.759
6.00 1.32 0,108 1.64 0,547 0.744 1,60 0.041 . 525 5. 780
__ 6.850 1,09 0,113 1,67 0,972 0.732 1.45 0.042 0.544 5.801
700 1.¢4 0,198 1,71 0,128  0.720 1.70  0.04i4 0. 560 S.824
7.80 2,u% 9.122 $.75 0.133 0.708 1.76 0.045 0.575 5.84%
5.90 0 2,40 0,127 4,79 0.138  0.696 4,81 0,047 0.588 5 849
C3.8%00 2,97 0,121 4.84 0,143 0.684L .86 0.050 0.600 5.881
.90 2,24 0.493%6 1,88 0,148 0.473 4.92 0.052 0. 640 5.000
T80 2,34 0,149 1,91 0,452 0.46% 1,97  0.054 (.44 5.917
.00 2.9 0,143 1,93 0,954 0.447 2,02 0.055% 0.625 5.926

~ (FOR ADDITIONAL BOUNDARY LAYER DATA SEE OVERLEAF)
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1,50
2.00
2.50
3.00
3.56
4,03
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.50
10,09
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ouTeR
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DD D3OI DD DD DD
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R EITA
L2
L2
L1390
L1534
LA AG
A8
P
Lin?

L1050
.1%
LTat
L1607

-~y -
K4
an

. 217
.27
L2 s

nisen,
thHN

Y

J .
Loan0
0G0
i1
00 n
L00a0
.00
Laga0
LO0aD
060
L0a0
Laaan
L0ong
L0019
Lannn
.onad
Laanh

LN0e0

n389

l
P

38"dy
U dx

-0,019>
i, 0199
-2.0192
-0, 019%
-u,0198%
-, {1103
-0 _N193
=-1) 184
-4,0178
-} 0430
-g,0171
=-0.0102
-, 0155
=), 0449
-0 (1473
-5, 0138
=, 01273
"\'), 0")5’4

TABLE A29-8

1.0, CNEA, CORRELATION - B

PREDICTTION OF ANNULAR DIFFUSER PERFORMANCE

(ADDITIQONAL BNUNDARY LAYER DATA)

THEQOPETICAL ASSUMPTIONS

VELOCITY PROFILE = COLES LAW

SKIN FRICTION COEFFICIENT = COLES LAW
MODIFICATION TO BOUNDARY LAYFR THICKNESS INCLUDED (REVISED)
ESTIMATF OF REYNOLDS HORMAL STRESSES INCLUDED
TOTAL PRFSSURF LOSS INCLURED (EXPERIMENTAL RESULTS)
N0 MNET I'ASS TRARSFER RBETWEEM
NG POTENTIAL CORE

J&[g&] DELw*
PUEx Jn  tNNER
=0_0063 0,110
-0 0067 0,119
-0.0070 0129
=0 0N74 0,130
=0 _A77  0_143
=0 0080 0.4538
-3 6033 0,167
=0 0086 0,176
=0_.0189 0,138
«}_00%72 0,193
-G (G094 0,201
-0.00%6 0,209
=0_ 0097 (.216
-0 G007 0.223
=G.00%7 0,229
=3.0G00%7 0,235
«0_0J97 0,240
=3.0086  H,243

DISPN.
ch1
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000¢
0.0030
3.0000
0.0000
0.0000
0.06000
0.0000

N.S.C.
OUTER

0.0003
0.0003
0.0004
0.0004
0.0005
0.00065
0.0006
0.0007
0.0003
0,.0009
0.0011
0.0012
G.0013
0.0014
0.0045
0.0018
0.0021
0.9032

INNER R QUTFR LAYERS

Cr
CUTFR
0.00258
0.00241
0.00224
0.00208
0.00192
0.00177
0.00162
0.00448
0.0017%4
0.00120
0.90106
0.00094
0.00083
0.00073
0.0006¢
0.00056
0.00048
0.00036

(Ho+2)0odU

U dx
-~ 0115
-0.0117
-0.0120
-0.0123
~0'70128
=-0.0129
00133
-0 01722
=0 0130
=0.01%35
-0 0%314
=-0.0129
«0'0126
-0.0125
0. 0123
“0.0122
0. 0111
-0.0088

SodR,
R,dx
0.00079
0.00086
0.000%93
H.00100
0.00107
0.00114
0.00121
0.00128
0.00134
0.00140
0.00145
0.00151
0.00156
0.001614
0.00164
0.6070
0.60475
H.00179

N.S,C.
INNER

0,0002
0,.0003
0.0003
0,0004
0.0004
0.0004
0.0005
0,0008
0.0006
0,0006
0.0006
0.0007
0.0008
00,0009
¢.0009
0.0009
0,0009
0.0006

CF
INNER
0.00276
0.00281
0,00247
0,00232
0.00219
0,00206
0.00194
0.00181
0.00169
0.00158
0,00147
0,00137
0.00126
0.00116
0.00107
0,000%99
0.00092
0.00089

(H,+2) 8.0y

Udx
«0,0118
=0,0120
-0,0123
03,0126
-0,01352
»0,0135
«0,0134
»0,0135
~0,0136
=0,0136
~0,0135
=0,0131
=0,0128
=0,0123
»0,0130
-0,0121
=0,0110
=3,0081
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TABLE A29-9

0, CNEA, CORRELATICN - B
PREDICTION OF ANNULAR DI!FFUSER PERFORMANCE

DIFFUSER AEQHETRY.

JALL AMGLES. NUTFR=-10,000 DEGRFES ,INNER= 0.000 DEGREES
TMLFT RANII. nUTER= 6,00 INS. ,INNER= 5.00 INS.
DIFFUSES NON DINENSINNAL= 5.0

IMLET CADITIANSG (CALCIILATIONS COMMENCFE AT X= 0.000 INS.)

SHAPE PARAMIFTFRS, OUTER UALL= 1.301 INNER WALtL= 1,283

HONENTYY THICKNFSG, OUTER WALI= 0,039 INS.INNER WALL= 0.040 1HuS%
HAXTNUM vELOCTTY= 140,000 FY/SEL

RADIUS OF PNSITION OF MAXINUM VELOCITY= 5,500 INS,

b1sT o THETA HI TRETA UMEAN ARFA LNSS o RMAYX

X OuUTER INNER UMAX RATIO CDEFF INS
0.25 1,32 0,044 41,30 0,045 0.838 1,08 0.004 0.n38 5,523
.50 1,34 0 _049 1,32 0,050 0.879 1.10 0.002 n.164 3,545
0.75 1,34 0,054 1.3% 0,058 0.249 1,158 0.004 0.23%1 5.5AR8
1.00 1.39 0,050 1,34 0,061 0.R59 1.?20 0.005 0._290 5,501
1.25 1.41 0,044 1,39 0,067 0.849 1,24 0.005 0.362 5.61%
1.50 1,44 0,070 1,41 0.07% 0.839 4,29 0.008 0.287 5.634
1.7 4,47 0,075 4,44 0,080 0.828 1,25 0.008 0425 5.6%¢
2.00 1,50 0,081 1.47 0,086 N.317 1,40 0.010 N.4Lé4 5,482
2.?25 1,53 0.087 1.50 0.003 0,806 1,45 0.011 0.4696 5.708%
2.50 1.57 0,002 1,53 0.100 0.795 1.50 0.013 0n.825 5.728
2.75 1,60 0,067 1,56 0.107 0.783 1,55 0.0%4 0.551 5.751
3000 1,04 0,103 1,60 0,114 0.771 1,60 0.014 0.574 5.774L
3.2 1.9 0,108 1,6% 0.120 0.760 1,65 0.015% 0.59%4 S.798
3.50 1.76 0113 1,69 0,427 0.747 1,71 h.01¢ 0.412 S.R24
3.7 1,79 0,143 1,74 0.133 0.725 1,74 0.018 0.427 5.844
4,60 1,35 0,123 1,80 0,13¢ 0,722 1.81 0.018 Y 5.8647
4.2% 1,92 0.127 1,85 0,445 0.710 1.87 0.01¢Q 0.4583 5,88¢
4.50 1.8 0,131 1,91 0.4150 0.497 1.92 0.020 0.4664 5.0414
.75 2,05 0,136 1.94 0.156 0.685 1,928 0.024 N.&74 5.03%
5.90 2,41 0,140 2,02 0.161 0.673 2,03 0.022 0 _ABS 5.656

(FAR ADPITIONAL BOUMDARY LAYFR DATA SEE OVERLEAF)
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L0342
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.Gron
0270
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TABLE A29-10

0, CNEA, CORRELATION - B

PREDICTION OF ANNULAR DIFFUSFR PERFORMANCE

THEORETICAL ASSUMPTIONS

YFLOCITY PROFILF = COLES LAW
SEIN FRICTION COFFFICIENT = COLFS LAW
HMODIFICATION TO ROUNDARY LAYER THIAKNESS IHCLUDED (REVISED)
FSTIMATF OF REYNOLDS HORMAL STRFSSFS INCIUDED
TOTAL PRESSURE L0S§ INCLURED (EXPERIMENTAL RESULTS)Y
M0 MET MASS TRANSFFR BETWEEN INNFR 2 NUTFR LAYERS

NO POTENTIAL CORE

Ppﬂ

DTN
V&7
N949
ansg?
0Nns5
HEY:
aneén
63
LAnbGé
0769
0071
fava
Qn7’?
0o7e
00a2
0nNg4
Nngé
0038
0088
0089

NDEL¥»
THNNFR

0,
0.
0.
1038
0.
0.
0.
0.
0.
0.
0.
0.
0.

0

081
039
008

1138
128
138
148
159
169
170
189
1G8

0,208

0.
0.
L2732
. 236G
L2456
.75%

DD DD

216
224

DISPN,
chl

DO DD ODDDODDODDDOIDD2IIOO0

L0000
L0000
LQ000
.0Ono
L0000
Laano
Laonn
L0000
L0ong
LONoo
.onaon
Looon

nooon

L0600
L0000
.Nano
L0000
L0000
L0000
L0900

N.

s.C.

OUTER

n.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
L0024

0

0.
0.

No03
Q004
0004
0005
0005
noos
eo0?
0003
naoe
00190
0011
aniz2
0013
no1s
npy
npao
nogz2

0026
0028

(ADDITIONAL BNUNDARY LAYFR DATA)

CFr
QUTFR
0.00228
0.00312
0.00296
0.00280
0.00264
0.00249
0.00234
0.00220
0.00206
0.00192
0.00178
0.00465
0.00151
0.001138
n.00125
0.00112
0.00100
0.00089
0.00079
0.00071

(Ho+2)8dU

m-{)
-0_
={).
m{)
-0-
w() .
-ﬂ-
=0
07248
L0251
-0_
.N253
_NALT
-0
—()_
n()_
-0_
-} _
~0.
w ()

-}
w)

et
=0

U dXx
n1o1
fica
ne4n
Nne19
0223
Nez3
0243
0244

nese

NeLs
neze
0ez?
N1 4
ne4s
n2452
02¢8

B, dR,
R,dX
0.00116
0.00128
0.00141
0.00158
0.00169
0.0018%
0.00497
0.002114
0.00225
0.0023%8
0.00252
0.00245
0.00278
0.002%0
0.00301
n.00312
0.n0322
0.0033%2
n.00341
N.00350

N.SoC.
INNER

0.0003
0.0004
0.0004
0.0005
0.000é&
0.0006
0.0007
0.0008
0.0009
0.0010
0.0012
n.0013
0.0015
¢.0017
0,0019
0.00620
0.00°2
0.0025
n.,0027
fi,0079

CF
INNER
0.00334
0.00318
0,00303
0.00287
0.00271
0.00257
0.00242
0.00227
0.00292
0.00198
0,00184
0.00170
0.00156
0.00142
0.00128
0.0011%6
0.00106
0,0009%3
0.00034
0.00075

(H|+2)__G_.C_f_!._l

U dx
=0,0193
=0,0205
-0,0214
-0,0223
=0,0231
-0,0247
-0,0248
-0,025¢
-0,0262
=0,0271
-0,0272
-0,0270
-0,0271
=0,0265
=0,0264
-0,0243
=0,0247
-0,0236
-0,0235
-0,0234
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