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.APPENDIX 1 

. ARTIFICIALLY GENERATED PROFILES 



ARTIFICIALLY G~~TED PROFILES 

The methods available are primarily intended to produce some 

specified velocity profile in a two-dimensional duct, and most are based 

on some form of graded flow blockage operating on the upstream flow to give 

a particular type of profile. 

The most general theory for generation of a velocity profile was 

given by Elder (21 ). A grid or gauze of varying flow resistance was 

specified with a varying angle to the main flow; the general principle is 

illustrated in Fig. A.1.1. This theory has lately been re-examined by 

--i'urner (75) who, after some modification, applied numerical analysis 

techniques to the problem of designing a gauze to produce a given velocity 

distribution. 

An earlier theory of Owen and Zienkiewi tz (49) is actually a 

special case of Elder's analysis, and employs a graded grid to produce 

a stable uniform shear flow. The experimental application of their method 

has been independently verified by Livesey and Turner (39). 

-A simpler principle, using a wall flow spoiler as sbown in Fig. A.1.2, 

was. applied by Livesey and Turner (38) to the production of peaked velocity 

profiles with a high degree of turbulent mixing in a. two-dimensional duct. 

The artificial thickening of boundary layers has been experimentally 

inves.tigated by Brighton ( 8 ) and Stevens and Markland (68), for circular 

and aTillular- pipes respectively (see Fig. A.1.3), Brighton noted th~ use of 

a cj.rcular S0reen of rods while Stevens and Markland employed gauze screen 

rings. Both papers note that a 'trial and error' approach was necessary 

to produce a specific velocity profile. 

These last examples serve to illustrate one of the main problems in 

that two-dimensional methods cannot easily be applied in the case where 

there is transverse wall curvature. 
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A further problem is that none of the methods considers the generated 

turbulence structure. The possible beneficial effects of inlet turbulent 

mi:xing on diffus.er flow have been indicated in Section 1.4. Since 

diffuser inlet velocity profile effects are fairly well understood, and 

in view of the highly turbulent nature of many engineering flows, it was 

felt that the effecta of a high level of turbulent mi:xing at inlet should 

be quantified experimentally by applying increased flow mi:xing to particular 

inlet velocity profiles. 

To this end, having regard to the limitations imposed by the annular 

test -diffuser geometry, coarse gauze and flow spoiler methods were used; 

·these are described in detail in Section 2.3 of the main text. 

\ 
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FIGURE A.l.l 

-
TWO-DIMENSIONAL GAUZE GRID SYSTEM- ELDER(21 ) 

FIGURE A.1.2 

2.0' , --
1.5" 

PE AKED VELOCITY PROFILE GENERATOR - LlVESEY & 
TURNER(38) 
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FIGURE A.l.3 
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MEAN VELOCITY MEASUREMENTS 

A.2.1. Mean Velocity Data Analysis 

The non-dimensional mean velocity profile (%) data was analysed by a 

computer program using numerical integration techniques to give the 

following parameters: 

Inner and Outer Wall Boundary Layers 

6* 6* 
2-D' 

two-dimensional and axi-symmetric displacement thicknesses 

two-dimensional and axi-symmetric momentum thicknesses 

,,** 0.** 
~ 2~D ~> 

~-two-dimensional andaxi-symmetric energy thicknesses 

two-dimensional and axi-symmetric shape parameter 

two-dimensional and axi-symmetric shape parameter 

Reynolds number based on momentum thicknesa 

Velocity Profile 

(ii/u) 

Q 

kinetic energy flux coefficient 

momentum flux coefficient 

mass mean velocity ratio 

total volume flow in annulus 

The calculation of these parameters required the use of area integration 
I 

~·techni'Lues and in this case the trapezoidal rule was applied. 

l"or each "Station a smooth curve was drawn through all. the velocity 

experimental data points; in the event of marked asymmetry each profile 

was analysed separately. 

Each boundary layer velocity profile was divided into a number of 

equal intervals (dR), see Fig. A.2.1, such that there was a sufficiently 

accurate 'near wall' representation of the velocity profile. Further 

to this end the fhat data point was taken at a variable distance (DISP) , 
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from the adjacent wall. This (~) - R data was. ~ncoded onto punch cards 

for computer input. 

JJ.. 
U 

2· ...... n 

R---. R o 

Figure A.2.1 

u 
IT 

DR DISP 
~~------------~--~~ 

R .. ·-- R· , 

Taking the twu-dimensional value of displacement thickness as an 

example we have·~ 

L . dR 
(f iO f )-

n n-to1 2 
BL 

where f = (1 _ E.) 
nUn 

The flow chart shown in Fig. A.2.2 outlines, the computation procedure 

used. 

A graphical check was carried out on the program computation, through 

area integrations performed by planimeter. Checks were ma.de at several 

stations; a. typical comparison shown below confirms the accuracy of the 

numerical an~sis computer program, within the accuracy limits. of the 

planimeter technique. 
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1

_
2 

= 2.0 

Naturally developed inlet conditions 

X/N = 0.145 Outer wall 

Planimeter* * Computed ,. 
0.0406 ~-D 0.0!~08 in. in. 

e 
2-D 

0.0270 in. 0.0267 in. 

** mean of three integrations 

A.2.2 Accuracy of Velocity Measurement 

The measurement aystem used consisted of wall_static tappings combined 

with radial total pressure traverses. The dynamic head (~pu2) so measured 

waa recorded on a Betz micromanometer reading pressures of up to 10.00 in. 

water gauge with an accuraoy of 0.005 in. 

To minimise the effect of flow distortion on the static pressure 

measurement, the tappings were kept to a diameter of 0.030 in. The 

flattened end pi tot tube, when corrected for total pressure gradient, gave 

an effective wall disp.lacement, applying the correction of Young and 

Maas (85), of 0.015 in. No correction was applied to take account of 

the wall proximity effect as the effect is minimal, typically 0.25% of 

the dynamic pressure, and there is no generally applicable criterion. 

Correct probe positioning was essential in this series of tes_ts; 

measurements of inlet velocity near the wall for thin boundary layers could 

be 2% in error fora positioning error of 0.001 in., this being the worst 

case. Hence great care was taken to ensure correct probe positioning. 

o 
Probe alignment Was leas critical as yawangles of at least ~ 5 

were tolerated with negligible effect on total pressure measurement. 

Turbulence effects on velocity meas_urement were similarly considered 

to be negligible for low local levels of turbulence in the region of 
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(JU,2/~) 
f=!2', (1/ u ,-lu 

~ 0.10; however, where very high local turbulence levels 

>0.30) occurred, typically in near stall conditions, the mean 

velocity measured may have been overestimated in the order of 10-15% due 

to the high turbulent energy contribution to the total press.ure measurement. 
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FIGURE A.2.2. 

MEAN VELOCITY PROFILE-ANALYSIS PROCEDURE 

CREATE STORAGE 
LOCATIONS 

t 
INPUT DIFFUSER 
GEOMETRY 

INPUT STATION 
GEOMETRY , 

INPUT VELOCITY 
PROFILE DATA 

INTEGRATION LOOP FOR OUTER WALL 
BOUNDARY LAYER PARAMETERS 

t 
I NTEGRATION LOOP FOR INNER WALL 
BOUNDARY LAYER PARAMETERS 

., 

t 
CA LCULATION OF VELOCITY 
PROFILE PARAMETERS. 

ANALYSIS COMPLETED?I 
yes tno 
I STORE RESULTS 

PROCEED TO . 
NEXT STATION. 

,-
WRITE CALCULATED < • 

PARAMETERS 
, 
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APEEl'lDIX 3 

TURBULENCE ME1l.SUREMENTS 
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Turbulence Measurements. 

Supplementary nomenclature list for Appendix 3. 

I 

E 

e 

d 

e: 

A 

B 

k f 

lit 

Pf 

(Pr)f 

(Re)f 

Current through hot-wire. 

Bridge voltage (mean). 

Bridge voltage (a.c.). 

Electrical resiatance of hot-wire. 

Wire resistance at gas, tempera,ture. 

Wire resistance at reference temperature. 

Reaia ti vity of wire. 

Length of wire. 

Diameter of wire. 

Power conversion factor. 

Constant. 

Constant. 

Constant. 

Thermal conductivity at film temperature. 

Dynamic viscosity at film temperature. 

Gas denai ty at film temperature. 

Prandtl number at film temperature. 

Reynolds number at film temperature • 
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A.3.1 Operation of Hot-Wire Anemometer at Constant Temperature 

The basic relationshlp for wire heat transfer can be found from the 

concept of thermal "l.uilibrium. The heat loss per unit time must be equal 

to the heat generated per unit time by the electric current through the 

wire, see Hinze (28). This gives:' 

This relation is uaually wri tten in the form known as King's Law 

r2R 
R _; = A + B~ 

w g 

where A and B are constants. and u. is the instantaneous velocity. 
l 

A·3·t 

A·3· 2 

For constant temperature operation the wire temperature is held 

constant by ~n electronic feedback system, thus we may write: 

2 
E = A' + B'~' 

where E is the zero flow voltage, measured at the mid-annulus position. o 

An incompressible flow of mean velocity u is assumed with a turbulence 

component u' in the same direction and v' in the lateral direction, as 

shown in Fig. A.3.1. For the orientation 'shown the hot-wire is relatively 

insensitive to yaw caused by the fluctuation velocity w', and making the 

further asaurr,ption that the fluctuation velocities are small compared with 

u we may carry out the following analysis of hot-wire operation. 

u u' 

~ -I-
Figure A.3.1 

w' is into the plane of the paper. 

With ~ = 90
0

, assuming the flow approaches the wire in a normal 
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direction, we define the axial turbulence intensity as:. 

/-=?'. 2. J{";2)90 I 

v'u ' -= dE/du 

where the suffix 90 here refers to the cj> = 900 case, differentiating A.3.3 

we get 

so 

substi tuting in A.3.4 gives 

which we 

where 

1-2 ,fu'- = 

can write as 

S9P=P>90 
E2_E2 

o 
890 =. 4Eu 

A.3.6 

A.3.7 

If the wire is inclined at an angle 4> and we assume the cosine law 

of cooling, such that the wire is only cooled by the normal velocity 

component"we have: 

A;3.8 

from which it may readily be shown that aqain 

o Now if the wire is aligned so that cj> = 45 the wire is eCJ.ually sensitive 

to both the u ' and Vi velocity fluctuations, and considering Fig. A.3.2 we 

may wri te: lL I 

u u ' 'r Vi " 45' , 

Figure A.3.2 
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Orientation I 

Orientation rr 

whence 

(0)1 = SI(u' + v,)' 

(e)11 ~ SIr(u' - v') 

-2 2 -2 -- -2 
(e )u ~ SU(u' - 2u'v' + v' ) 

Noting SI'" Sn = S and subtracting A.3.11. from A.3.10 gives 

-2 -2 2-
(e )r - (e )Ir = S 4u'v' 

addition of A.3.10 and A.3.11 gives 

-2 -2 2 -2 -2 
(e )r'" (e )n '" 23 (u' '" v' ) 

Now from A.3.6 

ao 

whence 

1 «-2) ,(-2» _,2 2 er+eu=v 
23 

-2 v' 1 
= 232 

A.3.10 

A.3.12 

a similar analysis in the u' - w' plane yields relationships for WT2 and 

u 'w'. 

o Measurements way be taken by the 1,5 slant wire method deacribed, as 

used by Goldberg (25) and Lee (35), or by an 'X-array of two identical 

wires. In the latter case the exact matching of two hot-wires in the 

correct geometry increases experimental complication, and further the X-

wires commercially available did not meet the resolution requirements. for 
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the present work. Thus the 45
0 

slant wire method was adopted using 

D.I.S.A. miniature probe elements which gave the resolution required. 

A.3.2 Turbulence Data Analysis 

The turbulence data was analysed using a computer program which employea, 

where necessary, the numerical integration technique described in Appendix 2, 

A.2.1.. The following parameters were calculated over the inner and outer 

walL boundary layers: 

turbulent shear stress in u-v and u-w 

planes. 

Li'1=2'-2' 
~ut- ,~v'- ,~W,L r.m.s. turbulent fluctuation velocities 

in the u, v, w directions. 

<5 JO -2 -2 
u l v' r (7)dR and ( U2 )dR 

o 0 

* integral of Reynolds normal s.tress. over. 

boundary layer. 

shear work integral 

Prandtl mixing length 

Eddy viscosity 

* Two-dimensi.onal definitions are used because the experimental accuracy 

does. not warrant the inclusion of minor effects due to transverse curva-

ture. 
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A curve using the minimum necess.ary smoothing was drawn through the 

experimental points for mean bridge voltage (E) and r.m.S. fluctuation 

voltage ~). These were then encoded on to punch data cards as 

described in Appendix 2, Section A.2.1. Local mean velocity (u) and 

<~) were derived from the pitot-static velocity meaaurements, using the 

previously encoded (~) data. The values of (~) calculated from this 

data proved liable to oscillation above (~) ~ 0.95, which similarly affected 

the calculated values of mixing length and eddy viscosity. Thus for 

<%) > 0.95 a smoothing curve fit techniq~e was applied to the calculated 

values of (~) reducing these oscillations to a minimal level. 

The flow chart shown in Fig. A.3.3 illustrates the computation technique 

used; again hand calculation and planimeter checks made on the calculated 

parameters gave satisfactory agreement. 

A.3.3 Accuracy of Turbulence Measurements 

Full accounts. of the several aspects of hot-wire anemometry are given 

in References ( 7 ), (20), (28), (52). A summary of the main limitations 

of the hot-wire instrumentation used is given here. 

The design of a hot-wire probe always represents a compromise between 

aerodynamic, sensitivity, and mechanical considerations. The wires used 

in the present tests. were D.I.S.A. sub-miniature probe elements types' 55A53 

(straight wire) and 55A54 (slant wire). 

Probe positioning and wire alignment can give rise to serious errors 

if not caref·"lly controlled, and great Care was taken to ensure correct 

prob e positioning. The probe was traversed radially normal to the adjacent 

wall with res tilting misalignn;ent with the mean flow in the region of maximum 

velocity. The analysis of Goldberg (25) indicates maximum errors of 20% 

in u'v' in the region of maximum velocity due to this effect. The value 

of u.' should be unaffected. 1asalignment of the slant wires themselves 
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could again give rise to errors in U'V'; however, the wire angles were 

carefully checked and it is not felt that errors due to this source should 

exceed 6%. 

The correction of readings for wall-proximity effects shown by 

Wills (82) was not applied since no readings were taken in the affected 

region. 

The susceptibility of the calculated values of U', v' , u 'Vi, etc. to 

reading errors can be investigated by consideration of the calculation 

equations A.3.6, A.3.1.2, A.3.13· 

The vruue of u used is that from pitot-static measurements and this is 

liable to the errors outlined in Appendix 2, A.2.2. Thus this will only 

markedly affect the turbulence parameters when the local turbulence level 

is high <¥i- > 0.30), and at this condition will give ris e to errors of the 

order 10% of U' and 20% of u 'v I 

'rhe possible reading error in e is typically 1.5% in the early stages 

of diffusion and 3% in the latter stages. 

1% error at alL stages. 

The value of *E is subject to 

Considering equations A.3.6, A.3.12, A.3.13 and assuming the worst 

case of the near wall position with non-cancelling errors we get the 

following maximum possible errors.: 

3% } 

10% 
early stages of diffusion 

1C1'fo } 
4C1'fo 

latter s.tages. of diffusion 

Due to the algebraic nature of equation A.3.13 the combination of 

possible reading errors gives rise to a maximum error in V' of 7C1'fo. 

* Initial measurements from the mean bridge volts meter of the D.I.S.A. 

55A01 anemometer proved liable to unacceptable reading error and a 

Digi tal Vcl t Meter was used to ensure greater reading accuracy. 
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The hot-wire probes used for this investigation had an 1-/d ratio of 

100, hence some deviation.from the cosine law assumed in the simple analysis 

of A.3.2 must be expected. Champagne and Sl~icher (12 ) show that the 

cosine law holds for an R-/d ratio of 600 and above but note increasing 

deviation down to an ~/d value of 100. 

Another simplifying assumption in the analysis is that the fluctuation 

velocities are small. in comparison with the local mean velocity; in the 

latter s.tages of diffusion this condi tion is not satisfied. This prol:ilem 

has been considered by, among others, Rinze (28), and Sandborn and Liu (57). 

The former shows that a measured value of u'/~= 0.20 is liable to errors 

of the order 15% while Sandborn and Liu indicate possible errors of hO% 

in the near wallmeas.urement of u'v' in separating flow. It is interesting 

to note that the meaa.urementa: of Sandborn and Liu give a maximum value of 

u' Lt ,,0.45 in the separating region, and Spangenberg et al (64) quote a 

value of 0.33 as indicative of transitory stall. Hence turbulence intensity 
._, . . 

measurements in excess- of uLl ,,0.40 must be regarded with reservation and do 

not represent clasaical turbulence, but highly three-dimensional fluctuating 

flow with near zero mean velocity. 

In the light of the above review the following accuracy limits are 

placed on the measured turbulence parameters; it must be emphaaized that 

the values q~oted are pessirr~stic: 

u' 

~} u'v l 10% early stages of diffusion 

v' 30% 

u' 10-15% 

u'v' 40% 
latter sta~s of diffusion 

u' (where (- > 0.20) u . 

v' 60% 
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A.3.4 Asymmetry and Verification of King's Law Checks 

Traverses were taken along each diffuser for one circumferential 

position with checks for the dgree of asymmetry at appropriate stations. 

Fig. A.3.4 shows a typical example which indicates that, for the circum

ferential measurement positions, the differences are within the possible 

levels of accuracy quoted in Section A.3.3. 

As shown in Section A.3.1 a 'basic' analysis of the hot-wire data 

was carried out by assuming King's law of cooling with the cosine law of 

directional sensitivity. The validity of King's law has been verified 

using typical examples from the present data as shown in Fig. A.3.5. 

The raw experimental turbulence data has, as stated in Section A.3.2, 

been subjected to. the minimum necessary amount of smoothing. k typical· 

comparison between the smoothed data analysis and a direct analysis of 

the raw data is given in Fig. A.3.6. 
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FIGURE A.3.3 
TURBULENCE DATA-ANALYSIS PROCEDURE 
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ILLUSTRATION OF VALIDITY OF KINGS LAW FROM TEST RESULTS 
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APPENDIX 4 

MOMENTUM INTEG-RAL EQVATlON IN THE 

AXI-SYMMETRIC CO-ORDINATE SYSTEM 



Momentum Integral Equation in the Axi-symmetric Co-ordinate System 

The Navier-Stokes. equations for axi-syrnmetric flow (general radius. R, 

axial direction x) are given in standard texts such as Schlichting (59). 

For incompressible flow, as shown by Chaturvedi (13), if the following 

assumptions are made: 

. (i) Mean and fluctuation velocities in the angular direction 

are neglected. 

(ii) The mean flow is steady. 

(Ui) The viscous stresses are negligible in comparison with the 

Reynolds stresses. 

Then the mean flow equations. may be written as follows: 

. x - direction 

dU au 
pu ax + pv aR = 

R - direction 

av av 
pu - + pV - = 

ax aR 

an {Cl-2 .::.r.. - p - (ul ) 
ax ox +.l.. (U'V') oR 

'ii'v'} +--
R 

Further in the axi-syrnmetric co-ordinate system the continuity relationship 

may be written: 

a ) a OX (Ru + aR (Rv) = 0 

Now noting that T = - pUIV' it can be seen from equation A.4.1 ·that: 

au .. au on 0 (-2) 1 0 ( pu - -I- pV - = - .=. - p-"- U I + - -"- TR) ax aR ax ax R aR 

and from equation A.4.2, neglecting second order terms: 

_ lE. _ p.1.. (:;02) 0 
3R 3R = 

thus. 

an a-2 
='=-p-(v ' ) 
ClR ClR 

which upon integration gives 
-2 .. 

P = -pV' + const 

Now if the suffix " indicates the edge of the boundary layer, then 

- 128 -



thus 

and therefore 

-2 -2 
P ., Po when v ,= VoS 

-2 -2 
P =Po +~(V.i -v' ) 

an ap~· 0 -2 -2 
~=_+_P(V' - VI) ax -ax ox \ 0 

Bernoulli'a equation gives 

1 2 
. Po. = Po + 2'PU 

Thus substituting equations A.4.5 and A.4.6 in equation A.4.4, we get: 

au au 
pu ax + pv oR = 

dPo - -- + 
dx 

The continuity relationship of eguation A.4.3 upon integration gives: 

Rv '" - j a~ (Ru)oR 

and if now the specific case of the inner wall (radius R., boundary layer 
~ 

thicknesa O. ) is considered then we may say, at general radius R: 
~ 

Rv = -

Thus if we now isolate the L.H.S. of equation A.4.7, and multiply through 

by R, we have, upon integration across the boundary layer and substituting 

equation A.4.8. 

L .H.S. I
R.+O . 

. ~ ~ 

= pRu ;~ h -
Ri 

a 
Ox (Ru)oR A.4.9 

and integrating by parts for the second term in equation A.4.9 gives: 

- 129 -



which reduces to: 

1.H.S. f
R.-I-O. 

l. l. a 
= pRu....E. oR T ox 

Ri 

(u - U)OR -

Now considering the R.H.S. of equation A.4.7 and integrating over the 

boundary layer, on adopting the convention Ri -I- 0i = Rc' we get: 

R.H.S. = -2 -2 -2 
(u'-I-v'--v')dR o 

and combining equations A.4.10 and A.4.11 gives, after re-arrangement- of 

terms : 

I
RQ. 

(U - u)RdR -I-

~ 

R -, r: ! [CU - ")R+ 
J, 

A.4.12 

- Now in axi-symmetric co-ordinates. the momentum (e) ana. displacement (6*) 

thicknesses are defined thus: 
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(1 - ~) .B.. clR 
U R. l

RO 

R. . J. 
J. 

and from these two equations we get: 

. R 

6.R.~= r 0 (U - u)RuclR 
J. J. 

. R. 
J. 

a :"R. U = lRa (u _ u)RdR 
J. J. 

Ri 

If equations A.4.15 and A.4.1.6 are now substituted in equation A.4.12 the 

follo~~ng relationship is seen to hold: 

lRQ R ...e.. 
ax 

Ri 

(-2 u' --2 -' 2) dPo (2 2 
+ v~' - v' dR T. dx' R~ - R) 

If equation A.4.1.7 is expanded and divided throughout by f Ri U2 the 

following form of the Momentum Integral Equation res.ults: 

d6 i 6i dU tOr } --+-- -+2 
dx U dx 6. 

J. 

R 

I a <JP (R2 - R~) 
R a (-,2 -. ,2 -,2)clR 15 o. J. 
Ie ox u + vf, - v + dx 2 

R J. 2 pUR. 
i J. 

A.~ .• 18 

and a similar procesa for the outer wall of the annular diffus er gives: 

6dR 
o 0 +---

R dx o 

R a -2 
-3i(U' R X. i

RO 

R 0 . a 

-2 
+ v' a 

'. 

- 1.31 -
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In equations. A.4.18 and A.4.19, if the di·ffuser flow. has a potential core, 

then:. 

dP& 
dx = 0 

and the momentum equation on the 

---1----+2 dei ei dU [ cSi ) 
dx U dx Oi 

and similarly for the outer wall. 

and 
-2 
v' = 0 

& 

inner wall reduces to: 

i
RcS 

R a r.:-;-2 -.2 ) dR - - ,u· - v 
R. ax 

R. l 
l . 

Vfuere the gradient of the Reynolds normal stress term has been 

evaluated in Chapter 4 the weighting due to .B... , RR has been omitted on 
R. 

l 0 

the.grounds of the high diffuser radius ratio and the relative inaccuracy 

-2 in the experimental determination of the pv' component of Reynolds normal 

stress. 
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APPENDIX 5 

HEAD'S ENTRAINMENT MEr HOD 



HEAD'S ENTRAINlfilil'iT METHOD 

A.5.1 Application of Head's Entrainment Method to Internal Axi

synunetric Flows 

Diffuser Flow - Power Law Velocity Profile 

Assuming an annular diffuser where the flow has a potential core, 

and denoting the flow in the inner and outer wall boundary layers_ Q. and 
l. 

Q respectively, referring to Fig. A.5.1, we may write: o 

and 

If a power law profile is assumed then the inner wall boundary layer: 

A.5.,3 

and similarly for the outer wall 

Thus 

Q _ 2"rrU 
i - d-(H.-1) 

i ). 

and 

- 1.3.3 -



Integration of equations A.5.5 and A.5.6 gives: 

{R.e. o~ 

3} 

1 1 1 
A.5.7 Q. = 41TU of, 

1 Hi + 1 H. of, 
1 

{ R 0 
02 

31 
Q = 41TU 

o 0 0 
A.5.8 o . Ho of, 1 H + 

0 

and thus the total flow in the diffuser Jl'ay be written: 

This equation allows evaluation of the flow in terms of the necessary 

integral, geometrical, and flow parameters in prediction methods as shown 

in Chapter 5, Section 5.3.3 

Auxiliary Equation 

For annular diffuser flow, as shown in Chapter 5, Section 5.3.3, the 

Head auxiliary equation assumes the form: 

21TR. UF(H.' ) 
1 1 
eff\~ 

dQ 
o 

dx = 21TR UF(H' ) 
0eff. 0 

where R. .and R are the effective radii of entrainment on the inner 1 eff. o eff. 
and outer walls respectively, and Hi and H~ are representative shape 

parameters. 

Now 

and noting that 

- 134. -



* 0, = 
1. 

which gives 

1. • i.L21TRdR = 21TDR .. ( O. 
2 2 j

R.+b j 

Ri 

then 

( <S. 
2 

* O. ) 
2 

and similarly for the outer wall. 

Q = 21TDR o 0 

From A.5.13 

(0 -
o 

6.
2 
o 

2R -
o 

dQ. d ( 
~ = - 211UR. (0. 
dx dx 2 1. 

02 
i +--. 2R. 
2 

which on expansion gives 

dQ. { d 
~ '" 21T DR. - (0. 
dx 2 dx 2 

0:) Ri ~} 
2 

dR. 
U~ 

dx 

<I i * combining with equation A.5.10 and denoting (0. + 2R - 0.) = DI 
2 "i 2 

the 

following relationship is found 

A.5.13 

A.5.14 

21TR. UF(H.') = 21T {UR. ! (DI) + (DI)U a;: + (DI.)~ ~} 
2 eff • l. 2 - A.5.15 

where H.' '" DI/S., chosen as a representative shape parameter. 2 2 

Re-arrapgerr,ent of equation A.5.t5 gives 
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d ( 1 - DI) =dx R. 
~ 

'. } R. dU dR. r R. F(ll.') _ (DI) .2:. - - (DI) -2:. l ~eft'. ~ U dx . dx 

and similarly for the outer wall 

.i.- (DO) = ~ {H F(R') -
dx R off ° o e. 

where H' = Doje • 
. 0 0 

R 
(DO) ~ dU _ 

U dx (DO) ~; } 

Equations A.5.16 and A.5.17 form the auxiliary equation in this 

application of Head's method, as fully deacribed in Chapter 5, Section 
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A.5.2 Theoretical Predictiona - Computer Program Output 
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... TARLSA.5.1. ····CONSTANT cORe DIAMETER ANNULAR DrFFUSER HIlADS' PItEDIC'I'lON METHOD .. 

-. __ ." 

_. __ ._ .. _ ..• A Ft EAR AT I 0 ( A R) I! 2. 000 

..... ......... r N LeT RA DIU S RA TI 0 III 0 • 833 

ENTRV LENGTW(L/DJ'" 2.0 WVDRAULICDIAMEYERS:. 
e "/ 

BLOC~AGE(R?O.028 

INLET REVNOLDS NO. (UD~;h"'184092.0· 

NATURALLV DEvELOPED INLeT CONDJ~inNS 

~----------------------------------------------------~----------------~------------------~ 
..... --. . .- --- _. _._ .. -- - . . -, . . I'JUTI!R WALL INNeR WALL -le . . Ra .. R'j .,"--- - U .. DU/DlC Cp .:f, A eX. e H et e H et 

( nJ) et N) . ( IN) ..... PT/SI!C· ISEC <r N) er N) .. 

- ... 

3,150 6.000 !l.000 177.7 . 0.0 0.000 0,000 0.000 . 1.022 :0103 1.380 ...• 00451 .0097 , .370 .00466 
2.000 lS.ooo 5.000 178.6 8.9 ·".010 0.000 0.000 , • 025 .0125 1.380 .• 00426 .0120 1 .370 ,00439 

.1.000. 6.000 5.000 179,3 . 8. S ",019 0,000 0.000 1 .028 : 0143 1 .380 .00409 .0139 1 .370 .00419 
o.noO 6.000 5.000 .180,0 8.5 ".027 0,000 0,000 1. 030 ,0161 1 • 380 ,00399 .0157 1.370 ,00408 
1 . 000 6.08'1' 5.000 .... 168.7 .. 135.'1' 0,106 0,633 0.032 1. 061 .Di!1?' 1. 56?' .00333 .0215 1 .55 'I' .. ,00340 
2.00'J .6.175 5.000 · 157. '7 .. 131.1 0.227 0, '761· 0,036. 1 .081 .0287 1.630 .00258 .0289 1 .619 .00262 
3.1)00 6.262 5.000 · 148,6 .. 109.0 0,321 0,800 0.041 L103 :0364 ~ .693 ...• 00222 .0372 1 .661 ,002'9 
4.1)00 .. 6.~50 5.000 141 ,0 '''91. '? 0,396 0,818 0.045 1 .126 :0448 1 .749 .00193 .0463 1 .690 .00206 
5.000. 6.43? 5.000 · 134,5 '''78.4 0.457 0,828 0.050 1 : 151 .053A 1. B04 .00171 .0563 1 ,707 .00191 
6.000 6.S2~ 5.000 ... 128,8 ,"67.13 0.508 O,8lS 0,054 "175 .0635 1.857 .00152 .0670 1 ,719 .00180 

."'1'.000 6,612 5.000 .. 124.0 '''5'1'.5 0.549 0,838 0,058 1 .202 .07H 1.911' ,00135 .0781 1 .724 ,00172 
8.000 6.?'OO 5.000 119,8 '''50.2 0.583 0,840 0.063 " 229 . 0835 1.91'8 .00120 .0896 1 , 728 ,00166 
9.000 6,'1'87 5.000 "6,2 '''44.0 0,613 0,842 0.067 1 . 257 . 0939 2.032 .00106 . 1 0 1 5 1 , 7 31 ,00160 

10.flOO 6.875 5.000 "2,9 '''38.9 0,638 0,844 0.071 1.284 : 1045 2.0112 .00096 1. 1 '37 1,733 ,00,56 



I 

I 

1- ,--------------------, 

I TAR LE A.5.2cONnTANT CORe D!AMETER ANNULii DIFFUSER H~ADS' PREDICTION MeTHOD 

NONKDf~F.NS I aNA\. LE tlGTH ([Ib R,) I! '7.50 IWTRY LENGTH(LJ~.· 2.0 HYDRAULle D!AMIiTERS~ , 
. - .---" .-~-- .-~,,- _ ... 

_'" AREA RATIO(AR)~2.000 BLOeKAG2(B~~O.028 

INLeT REyNOlDS NO:(UOK1)817394!.O 
I 

NATURALLY DEVELOPED INLET CONDITIONS' 

KO 
<I N) 

3.',50 ~.Ooo 
2.500 6.000 
2.noo 6.000 
1. 51)\) . 6.000 
1.000 .. 6.000 
o.SOO 6.00t1 
0.000 6.000 
O.liOO 6.058 
l.nOO 1.1.111 
1.<;00 6.175 
·2.nOO .. 6.233 
2.=;00 6.291 
3. flOO (,.350 
3.5QO 6.40/\ 
4.000 6.466 
4.500 6.520; 
5;()OO .6.581 
5. "oD 6.641. 
6. ,)00 6.700 
6.<;00 6.'759 
7.nQO 6.!hA 

.7.5006.874 

Ri U _DU/I'lX 
<Itl> .... PT/SEC ./S!1l 

5.000 .167.9 0.0 
5.000 163.4 B.7 
5.000 1.68.? . B.4 
5.000 .. 169.1 B.4 
5.000 ... 169.4 _ B.4 
5.000 .169.8 8.3 
5.000 170.1 8.3 
S.OOv 163.0"170.6 
5.000 15S.5~180.9 
5.000 148.a .. 159.6 
5.000 143.0 .140.7 
5.000 137.8··124.6 
5.000 133.1. ·.111:7 
5.000 129.0 '"99.3 
5.000 125.4 "86.0 
5.000 122.1 -77.6 
5.000 .119.2 . '''69.9 
5.000 116.6"63.1 
5.000 114.2 ·-S8.2 
5.00D '12.0-53.5 
5.000 .. 109.9"49.4 
5.000 .108.0"45.7. 

Cp 

0.000 
".006 
-.010 
".015 
'''.019 
".024 
".028 
0.061 
o .HS 
0.229 
0.294 
0.350 
0.398 
0.439 
0.47:5 
0.504 
0.530 
0.554 
0.57S 
0.594 
0.612 
0.627 

n.ooo 
0.000 
0.0(,0 
O.OGO 
0.000 
0.000 
0.000 
0.523 
0.711 
o. no 
0.797 
0.811 
O. B21 
0.826 
0.827 
0.ll28 
0.829 
0,829 
0.820 
0.829 
0.830 
0.830 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.030 
0.032 
0.033 
0.036 
0.039 
0.041 . 
0.044 
0.047 
0.050 
0.053 
0.056 
0.059 
0.061 
0.064 
0.066 

1.022 
1.024 
1 .026 
1.027 
1. 028 
1.029 
1 .031 
1 .OS4 
1 .067 
1 .082 
, .. 098 
1 .115 
1. 1 32 
1:1 SO 
1.173 
1: 19 5 
1. 21 9 
1. 244 
1.269 
1: 295 
,;320 
'.346 

.01 02 

.011 5 

.0125 

.013i. 

.0\43 

.OH2 
• Dj 60 
.0',94 
.0235 
.0280 
.0327 
.0378 
:0431 
'; 0486 
.0542 
.0590 
.0658 
.071? 
;0'770 
.0841 
.090S 
.0971 

1 .395 
1 .395 
1. 395 
1.39 S 
1.395 
1.395 
, .395 
1. 539 
, .598 
1 .651 
1.709 
1.762 
, .814 
1.8'1'6 
1 .945 
2.014 
2.084 
2.1 !i4 
2.217 
2.277 
2.333 
2.385 

.00449 

.00433 

.00423 

.00414 

.01i406 

.00399 

.00396 

.00346 

.00284 

.00250 

.00223 

.00199 

.001'78 

.00159 

.OOHO 

.00123 
.• 00108 
.00095 
.00084 
.00075 
.00068 
.00062 

INNER WALL 
e H Cf 

ON) 

. 0097 1. :H5 . 00469 

.0111 1.375 .00452 

.0121 1.375 .00440 

.0130 . 1.375 .00431 

.0140 1.375 .• 00422 . 

.0149' 1.375.00414 

.0158 1.375 .00410 

.0193 1.533 .00354 

.0236 1.591 .Ov'S7 

.0284 1.637 .0025' 

.0335. 1.673 .• 00230 

.0390 1.705 _.002'12 

.0449 1.722 .001~7 

.0510 1.735 .00189 

.OS71 1.71+0 .00~8' 

.0634, 1.745 .00176 

.0699'. 1.748 .001"1 

.0764· 1.751 ,00167 

.0831' 1.753 .00164 

.0900 1.756 .00160 

.0969 1.758 .00157 

.1038 1.759 ..• 00155 

I 



~ .......... --------------------------------~~---
TAR U! A.5.3 . CONSTANT CORe DI~Me'ER ANNULiR DIFFUSER HSADS PREDICTION METHOD 

NON~Dhit"'JStONAllENGTH(Itt.RI)!'I 5.00 
- -- ---- '-." ---.-- ----~--

............. _.. AREA.RATlO(AR) .. 2. 000 

........ '. INLeT RADIUS RATIO"O.833 

. .. .. BLOCKAGe t 8,)"0: 028 

INLET RaVNOLDS NO. (U~"')"17126;.O 
I 

·NATU~ALLV DEVELOP~D INL!T CONDITIONS 

.' .- _ .. 

"--,. - - •.• 0' 

x . Ro Ri u .. DU/Ill( 
( ! N) . .. ( IN) ( HI) _. PT / S EC . /!;Etl 

Cp .. 

-.•. e"_ 

3., 50 6.000 5.000 .. 165.2. , .. 150.0 0:000 .. 0,000 0;000 1 .021 .00<)9 ; .390 .00458 
2.500 .. 6. O()O S.ooo .165.6 .. 1'.0 ~.C,06 0,000 O.QOO 1.023 .0113 1.390 .,.00450 
2.000 6.000 5.000 166.0 8.3 ".010 0.000 0.000 , .024 .0123 1.390 .00437 
, .0;00 6.000 .5.000 166.3 8.1 ~. 014 0,000 0.000 1.025 . 0'1 :n 1.390 .. 00427 
1.000 6.00t) .5.000 . 166. ? 8,1 '''.019 0.000 O.QOO 1.027 .0142 1.390 .00419 
0.'50;; 6.0C,o 5.000 ··167.0 8.0 '''.023 0.000 0.000 1 . 028 . 0 1 51 1.390 .00411 
Cl.OOO .6.000 5.000 167.3 8.0 

.0.';00 6.0811 5.000 156.7 .. 255.2 
".028 0.000 0.000 1.029 .0160 1.390 .00401 
0.107 0.635 0.031 1.063 .0209 1.590 .00332 

.1.1100 6.176 5.000 146.2 .. 251.4 0.231 0.772 0.032 1.083 .0272 1 .684 .00251 
'1.500 6.264 5.000 137.9 .. 1'19.0 0.324 0.802 0.035 1 . 112 .031.0 1. 802 .OOZ03 

'2.000 6.353 5.000 .. 131.3 '''158.8 0.393 0.80a 0.039 1.148 .0410 1.967 .00157 
2.500 6.441 5.000 . 126.1 ''''24.6 0.446 0.804 0;043 1 : 195 .0480 2.187 .00112 
3. 000 ... 6.S2Q 5.000 121 .7 .. 106.2 . 0.489 0.800 0.048 1.245 .0554 2.388 .00078 
3.500 6.617 5.000 117. a "93.0 0.525 0,1'99 0.052 1.297 .06:42 2.568 .00061 
4.000 6.7'OQ 5.000 114.4 '''81.5 0.556 0.798 0.055 1: 350 .0716 2.710 .00042 
4.<;00 6.i'93 5.000 111. 4 "'72.6 0.583 O. i"QQ. 0.059 1.403 .0804 2.833 .00034 
5.1100 .6.88;1. . 5.000 108, ? . '''64.9 0.606 0,799 0.063 1.45'1' .0895 2.932 .00028 

.0097 

.0112 

.0122 

.0133 . 

.0143 

.0153 

.0162 

.0214 

.0283 

.0357 

.0435 

.0512, 

.0590 

.0672 

.0755 

.0840 

.0926, 

. , 

1 .355 .• 00486 
1 .355 ,00477 
1 ,355 ,00462 
1 .355 ..• 00451 
1 .355 .00442 
1 . 355 .00433 
1.355 .00422 
1 .578 .00340 
1.654 .00257 
L 733 .• 00217 
, .774 .00169 
1. 788 .00174 
1.797 .00166 

" 801 .00158 
1 .805 .00155 
1. 81 0 ,00151 
1.814 ,00147 



TAHE A,S.4 CONSTANT CORE DIAMETER ANNUlAR DIFFUSE~ ~EADS PREDICTION MET~OD 

NON .. () 111 ENS ION 4 L L E N G T H ( L / A RI) = 1 0 , 00 

AREA ~.TIO(AR)=2,OOO 

!~LET RADIUS RATIO~o,833 

eNTRY LHJGTH(l/P,2= 2.0 HVDRAULIC DIAMETERS 
e "I 

B L 0 C K AGE ( AI) = 0, 028 

INLET REYNOlDS NO. (U()~!)=18409?,o 

NATURALLY DEVELOPED INLET CONDtTfONS 

OUTER WAll INNER WALL 
x 

() N) 
Ro 

( IN) 
Ri 

(t N) 

U DU/DX 
FT /~EC /SEC 

Cp w e H Cf <I N) 
e H C.f 

(I N) 

1,000 
2,000 
3,000 
4,000 
5,000 
6.0.00 
7,000 
g,aoo 
I),()()O 

1·" , IH) () 

",0117 
~. , 74 
6.262 
6.31,9 
6,4>;7 
6.5?4 
6.61 2 
6.699 
6.71>,7 
6,874 

5,00 0 
5,000 
!i,OOi) 
5,000 
5,OQ\l 
5.000 
',000 
5,000 
5,000 
.5,000 

168. 5 
,57,8 
148 • ., 
, 41 • 1 
134,6 
,29.1 
124.3 
120.2 
116,6 
, 1 3, 4 

0,0 
.. 128,6 
-,09,1 
~.", , 2 
.. 77.4 
.,66,8 
.. ::;6,9 
.. 49.1 
.. 43,4 
.38,2 

0,000 
0,143 
0,257 
0,347 
0,420 
0,480 
0,529 
0,570 
O,6Ul(> 
0,636 

0,000 
0,913 
0,916 
0,91 Z 
0,909 
0,907 
0,904 
0,902 
0,900 
0,899 

0,000 
0,00 4 
0,00 8 
0,012 
0,017 
0,022 
0,027 
0,032 
0,037 
0,042 

1 ,056 
, ,077 
1.100 
1 ,1 24 
1,150 
1 , , 76 
, ,204 
1,232 
1 .260 
1 .289 

,0230 
,0302 
,0382 
,0 469 
,0561 
,0659 
,0759 
.OR61 
,0966 
,1072 

',.511) 
1 , 591 
1 ,655 
1.722 
1,78? 
, • 837 
1 , 9 0 2 
1 ,968 
?028 
2.091) 

• OI)~O' 
,01)274 
,On233 
,on2f)1 
.O()175 
,on155 
.on1 H 
,00121 
.00107 
,00095 

.0225 
,0300 
,0386 
,0 4 79 
,05 80 
,0688 
,0 8 00 
,0915 
,1034 
,11 54 

, , 440 
, , 526 
1 ,595 
1 ,645 
1 ,682 
1 ,708 
1 ,720 
1,726 
, ,730 
1 ,732 

,00338 
,00 30 6 
,00257 
,0022 3 
,00200 
,00184 
.00173 
,00166 
,00160 
,00156 



............... ~ ...... ----------------------~---------------
TABLE A.5.5 CONSTANT CORE DIAMETER ANNULAR DIFFUSER HEADS PRF.OICTION METHOD 

~ION-D!f1ENSIONH LFNGTHCI'/AR,>= 7,50 

AREA RATIO(AR)=2.000 

INLeT RADIUS RATIDcO.833 

eNTRY LENGTH(L/O)~ 2.0 HYDRAULIC DIAMETERS 
e hi 

BLOCKAGEca'>,O,028 

INLET REyNOLDS NO, ([jtt{-I)=17~945.0 
I 

NATURALLV DEVELOPED INLET eON~!TIONS 

. 

rNNER WAlL 
Ro 

< HI) 
IJ DU/DX 

FT/seC /SEC 
Cp 8 ~ et 

( 11';) 

1'I"on 
. 1 • 000 
1 • 500 
2.000 
2,500 
3.00 0 
3,500 
4.000 
4.50('1 
5,ClOO 
5,500 
6,()QO 
6,500 
7,000 
7,500 

6,.)58 
6,11 6 
6.175 
6.233 
6.291 
6.349. 
6,4n8 
6. 4,~6 
6,5?,4 
6.583 
6, 641 
6,6Q9 
6.75tl 
6. 81 6 
6.874 

5,000 
5,000 
5,000 
5.000 
5,000 
5.000 
~,OO() 

5.000 
5.000 
5.000 
5,000 
5,000 
s.OO\! 
5.000 
5,000 

163,1l 
1 55. 5 
148.9 
1 42,9 
137,7 
133.1 
129,0 
125,4 
122.2 
11.9.4 
116.8 
11 4, S 
112.4 
110 , 4 
108,5 

() • 0 
w1l9.2 
-16u.4 
.. ,42,5 
.. 125.1 
..1'1.4 

.. 98.5 

.. 86,4 

.. n.3 

.,07,9 

.. 61 • 1 

.. )6.1 

.. 51. 1.1 

.. 47.9 

.. 44,S 

0,000 
0,1 02 
0,190 
0,265 
0.328 
0,382 
O,42f1 
0,468 
0.501 
0,530 
0,556 
0,5 8 0 
0,601 
0,620 
0,637 

0.000 
O.92? 
0.925 
0.924 
0.920 
Cl,91? 
o • 91 2 
0,907 
0.900 
0.895 
0,8 90 
0.887 
0.884 
0.882 
0,881 

0.000 
0,002· 
0.003 
0,005 
0,00 7 
0,00 9 
0.01 2 
0,0' 5 
0.018 
0,022 
0.025 
0.028 
0.031 
0,034 
0.037 

1.048 
, ,062 
1,076 
1 ,091 
1 • 109 
1 , 127 
1 ,146 
1.168 
1 • ,93 
1 , 21 8 
1 .245 
1.272 
1 .300 
1,327 
1 ,354 

,0210 
.0254 
.0301 
,0352 
.0 406 
.0462 
,0520 
.0579 
.0637 
.0697 
.0757 
,0 819 
.0 882 
.0 9 46 
• , 01 2 

1.480 
1 .541 
1 .598 
1. 651 
1 .710 
1 .768 
1.824 
1.893 
1.973 
2.051 
2,131 
2.204 
2.271 
2.334 
2.392 

,01)326 
,00304 
.00268 
,00238 
.00212 
,00188 
.01)168 
.01)149 
.0(\150 
.on113 
,000 98 
.000 86 
.000 76 
.00067 
.00061 

.0190 

.0233 
,0281) 
.0331 
,0385 
,0442 
,0502 
,0562 
,0623 
,0684 
,0746 
.0 8 09. 
.0873 
.0938 
.1003 

1 ,420 
1 .485 
1.540 
1.592 
1 .634 
1 • 669 
1 , 70, 
1 , 71 9 
1 ,729 
, .735 
1.739 
1 , 741 
1 .744 
1 .746 
1 ,747 

,00368 
,00342 
.00300 
.00266 
.00239 
,0021 9 
,00202 
,001 90 
.00182 
,00176 
.00172 
.00168 
.00165 
,00162 
,00159 
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TAIlLE A.S.6 CONSTANT CORE PJAMETER ANNULAR DIFFUSER HEAPS PREOICTtON METHOD 

ENTRY LENGTH(l/O)= Z,O HVDRAULIC DIAM~TERS . e hi 

AREA RATIOCIR'=2,OOQ BLOCKAGE(B~=O,028 

I~LET RADIUS RI'IO=O,833 INLeT REVNOLDS NO,(u~~~)='71263,O 
I 

NATURALLY DeVELOPED INLET CONDITIDNS 

OUTER WALL' INNER 1J,ll L 
)( Ro ~ i II DU/OX CO :t A d. e H Cf e H 

( ! N l (! N 1 <I N) FTISEC ISEC 
, 

Cl N) (! N) 

n.500 6.01\8 5,noo 157.5 0,0 o,oon 0.000 0,000 1.053 ,0210 , .570 .00286 .0220 , .400 
'.0(1) 6.176 5,00 0 11.7.1 ·249.3 0,147 0,931 0,002 1 ,074 ,0272 , .667 .00 258 ,0288 1 ,491 
~.50C 6,?f,4 '.000 138.7 -1.01,3 0,258 0,91 4 0,00 4 1,'02 ,0340 , .785 .on208 ,0362 , 588 
?ono 6.~52 5.noo ,31 . 8 -1 65 ,3 0,345 0,901 0,00 7 , ,137 ,041 :s 1 ,9 S3 ,00160 ,0442 ,: ~39 
2,500 6.441 5.000 126.6 .. 124,7 0,407 0.877 0,012 , ,1 85 ,0 483 2, ,71 ,00114 ,051 8 1 , 694 
3.00n 6,529 5,000 122,2 ~10S,7 0,458· 0,8 61 0,01 6 , ,C36 ,0557 ::1,371 ,0 (\ 080 ,0596 1 ,734 
3.500 6,6' 7 5,000 '18.4 .92,2 0,501 0,852 0,021 , .289 ,0635 2,543 .01)058 ,0677 1 ,762 
',.000 6,705 5,00 0 115,0 .81 .2 0,537 0,847 O,OA!5 , ,343 .071 B 2,688 .000 44 ,0759 1. 782 

.. 

Cof 

.00368 

.00:5:53 
,00274 
.0023 4 
.0020 8 
.00187 
,00173 
,00163 



FIGURE AS.l 

DIAGRAM OF STRAIGHT-CORE DIFFUSER FLOW 
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SHOWING NOMENCLATURE USED IN HEADS METHOD 
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THOMPSON'S ENTRAINMENT METHOD 



THOMPSON'S ENTRAINMENT METHOD 

A.6.1 Application of Thompson's_ Entrainment Method to Internal Axi
symmetric Flow 

Diffuser Flow - Two-Part Velocity Profile 

The basic form of Thompson' s two-part velocity profile is given in 

Chapter 5, Section 5.2.1. The velocity profile is presented in terms of 

contours of (y/e) on'H '" log10R axes for fixed values.. of (%), a typical _ . e 
example being shown in Fig. A.6.1. Thus for given H and Re the velocity 

profile can be built up from some 11~ charts for the following fixed values 

of (%): 

(%) = 0.1, 0.2, 0.), 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 0.95, 0.98, 0.99, 0.995, 

1.000. 

In order to generate a computer program for the avaluation of annular 

diffuser flow, us.ing this. velocity profile representation, it was necessary 

to curvefit each individual contour. As Fig.A.6.1 shows, the contours 

were not in a sui table form and it was found that re-plotting in the form 

of H contours on (y/e) '" log10 Re axes gave a form more amenable to curve 

fitting technqiues, as Fig. A.6.2 illustrates. Thus each of the H contours 

for each fixed. value of (%) was curvefitted, using a fifth order polynomial 

.. representation, and the resulting curvefits formed the basis of a computer 

sub-routine for the evaluation of flow in an annular diffuser (denoted 

QUANTITY) • The basis of operation of the sub-routine was as follows: 

For specified values of H , H., Re and Re. the velocity profiles 
o . ~ 0 ~ 

were generated by interpolation between the curvefits representing the 

contour plots at each particular value of (ij). Then, noting that the flow 

in the outer walL boundary layer (Q ): o 

':" 138 -



the function R.u. ~R was generated in the form of a curvefit, which was 

integrated to give the outer wall boundary layer flow. 

A similar process was carried out for the inner wall. boundary layer 

flow (Q.), and the total flow then evaluated by combining Q , Q., and any 
~ 0 ~ 

potential core contribution. 

Auxiliary Equation 
( 

As shown in Chapter 5, Section 5.4.1, Thompson's (71) entrainment 

method is based upon the property of intermittency in the turbulent 

boundary layer. 

The flux of turbulent fluid (Qt) in the boundary layer is given thus: 

A.6.1 

where y is the intermittency factor i.e. the fraction of time for which 

the flow is turbulent at a particular position, and t is the turbulence 

flux thickness. 

The rate of increase of turbulent flux is then: 

dQt d d 
- = -(Ut) = v -(R . tie) dx "dx dx e = Vet A.6.2 

where Vet is the overall entrainment rate, defined as the entrainment 

veloci ty. Thompson postulated that the ov.erall entrainment rate· was proportional 

to some suitable scale of defect to the turbulent region (Au). 

Thus V-;-t = a; flu e e 

where a; is a 'universal' entrainment constant giving e 

d . A U -(R . tie) = a; ...2:!._ 
dx e eUv 

A.6.3 

A.6.4 

From assumptions of the form of the intermittency distribution etc. (as 

detailed in Chapter 5) Thompson was able to construct a family of turbulence 

flux profiles '" corresponding to his velocity profile family, and to plot tie" 
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and Au/U as a function of Ra and H, as shown'in Fig. A.6.3. 

To take account of departures from the equilibrium layer it was, then 

assumed that: 

d 
a e = et -10 sa dx(t/a) 

and equation A.6.1, then took the form' 

dR 
c{.!U~u _ (t/e)_6 

!(t/ol = v U dx 
Rs(1 - ~) 

Equation A.6.6 is the basic form of the auxiliary equation in 

A.6.5 

A.6.6 

Thompson's method and may be applied, with the momentum integral equation, 

to the prediction of the boundary layer growth in an annular diffuser, as 

briefly described: 

Considering the-outer wall, of an annular diffuser, equation A.6.6 may 

be written: 

A.6.7 

Over a step length dx all parameters are written for the mean 

position a; and, for a given value of ~o , ! tt} is predicted. Thus 

the value of [i} at the upstream station is found,ofrom which, through, 

Fig. A.6.3 (IOgto oi ,;, logtORe' H contours), it is possible to find the 

downstream value of H • 
o A similar process is carried for the inner wall, 

and continuity then checked using the QUANTITY sub-routine. If necessary 
dR dR ' 

dU eo Si 
the values. of dx Le. --a:x- '--a:x- and the mean posi tion parameters are 

re-es.timated and iteration continued until 00 ntinui ty of flow in the 

diffuser is satisfied. 
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A.6.2 Theoretical Predictions - Computer Program Output 

- 141 -

I 

I 

I 

I 



....................... -------------------------------------
I 

I 

, ."" ~------ . -._ .. -

T4RL!: A.6.1 

. 

CONSTANT CORE DIAMETER ANNULAR DIFFUSER THOMPSONS 'PREDICTION METHOD 

ENTRY ,LeNGTH(L/n)~ 2.0 ~YDRAULIC DIAMETERS . NOtJ-D l'iI'NSI ONA L ". LE NGT H (ll AR,) =1 0.00 
I.. . ....... " .......... . . eh, 

AREA RATIOCAR)=2.000 BLOCKAGEC~~=0.028 

......... INLET RADIUS RATIO,,0.833 INLET REYNOI.DS NO. (UD~..y).184092.0 , 
NATURALLY DEV~LOPFD INLeT eONnJTICNS 

. 

OUTFR WALL INNER WALL . 

I .. X RO R' U DlI/D)( Cp ~ e H C f 
e H C f , I . 

( HI) (IN) (! N) ... FT/sec /~Ee er NI (! N) 

. . 

.0225 1.440 .OQ349 i .1\00 ')().10" 49.()Of) 16&.5 0.0 O. 106 ' 0.000 O.ODO 0.000 .0230 1 .510 .00305 
. 2,/\00 50,2(11 49,OOU' 157.2 .. 135.7 0. 230 0.747 0.000 0.000 .0310 1 ,584 .00279 .0304 1 .483 .00321 
3.1)00 51\.301 • 9 ' .. ,011 U 147.9 M1·11.8 O. 325. 0. 791 0.000 0.000 .03 Q9 1 .671 .00228 .0 393 1 .545 .002 71 
I, • 1)00 50,4n2 49.001; 14().4 .. -1i9.6 O. 398 ' 0,806 0.000 0,000 .0507 1 .716 ,00133 ,0497 1,604 .OU187 
5. ',00 'in. 50;:> 49.000 134.2 ':74.9 O. 455 n,814 0.000 0,000 ,0609 1 ,786 .00169 .0598 1 .688 .00201 
6'1100 'in6n;l 49 ODD' 121\ 8 _64 5 0 502 o 820 0 000 0 000 0718 1 851 00149 0705 1 764 00173 
~:I)OO '>rt:i'03 49:000 124:2 -!;5 :6 0: 

• 
0:000 :01\32 1 : 1\30 :00145 541 0,1\24 0.000 1,89R .00128 . OR1 8 

.liOO 5().B03 49.000 120.3 -46.8 O. 573 
" 0,826 0.000 0.000 ,0949 1 .922 .00113 .0934 1.877 .00127 

9.f\()0 'in,904 49,000 116.4 '''45.8 O. 604 0.83? 0.000 0.000 , , 0 R 1 1.995 .0010 6 .1065 1 .951 .00116 
~ 0 . 1100 51.004 49,OOt) 1"13.3 -37.7 O. 628 0,834 0.000 0,000 ,'2n9 2.040 . 00091 ,1192 2.000 .OOO~9 

'.' 

" 

" ... _-"---,,'" -. 
"-,,'. 

-- ... _" .. __ .. -._--_ .. _. ".-~-----.-- ,,--_ .. - _ .. _- ._, .... _- - -.. -.-.- ., \i-' ~, ,l! ,;:',,\. 

.- ... - -- -. - ., ,-;' "" .•. ,', 
" .. _- ----- ,_.-. '- -_ ... --, .. " -_. -- ... . - ---,~ -~.-- - .-~ -,; ... ".(-'~ . 
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I 

. Ti\.BL(A.6.1.:"c ONT; 

u/u= 
x= J. OOIN::'iRO'R\ lNll= 

....... (R~Ri) TNS= 

U/ll= 
x= 2.00IN (RO'RlTNS= 

.. IR~Ri)'NS= 

0.000 0.100 
0.000 ll.001 
0.000 0.001 

0.000 C).100 
0.01)0 0.001 
0.000.0.001 

0.2111) G.300 
1l.()1)2 (I.Q02 

0.001 0.002 

0.200 
0.01)2 
0.002 

0.300 
0.01)3 
0.003 

0.400 0.500 0.600 
0.004 0.009 0.021 
0.003 0.007 0.015 

0.400 
0.006 
0.005 

0.500 
0.017 
0.010 

0.600 
0.0~8 
0.0;>5 

0.700 
O.04~ 

0.033 

0.700 
0.070 
0.055 

0.800 0.900 0.950 0.980 0.990 
0.074 0.112 0.,36 0.'57 0.,71 
0.064 0."1 0.143 0.'12 0.191 

O.MO 
0.106 
0.()96 

0.900 
() , 1 46 
0.148 

0.950 
0). ,1, 
0.182 

0.990 
0.?11 
0.231 

0.9951.000 
0.176 0.'198 
0.197 0.226 

0.995 1.000 
0.2H 0.241 
0.237 0.267 

U/Il" 0.01)0.0.100 0.200 0.300 0;400 0.500 0.600 0.700 0.800 O.90n 0.950 0.91\0 0.990 0.995 1.000 
X= .. 3.00IN ... 1Ro·R)TN!l:: 0.000 f),001 0.003 O.()05 0.011 0.031 0.064 0.102 0.142 0.11\5 0.212 0.239 0.7.55 0.266 0.289 
......... _____ (A-R~1NS= 0·000 0,001 0.002 0.004 0.0070.018 0.043.0.084 0.132.0.187 0.221 0.253 0.273 0.283 0.313 ... 

. ufU", 0.000 0.10D 0.200 0.300 0.400 0.50n 0.6no 0.700 O.ROO o.QOO 0.950 0.980 0.900 0.995 1.000 
x= i,:.OOIN .. iRo'"R)rNS= 0.000 v.on 0.003 0.006 0.016 0.047 0.090 0.137 0.1114 0.233 0.264 0.2Q6 0.315 0.328 0.355 

_ ....... CR-Rj)TNS=O.OOO 0.0010.0030.0050.0100.0290.0680.1190.174 ().232 0.267 0.306 0.327 0.3/.0 0.373 

."._... u/U".O.OflO 0,100 0.200 0.31)0 0.400 0.500 0.600 0.700 0.800 0.900 0.950 0.9110 0.990 0.995 1.000 
X=S.OOlN" .. iRciR)TNS= 0.000 (1 O~2 0.O1l4 (;.ono 0.027 0.070 0.1710.173 0.n5 0.279 0.314 0.349 0.370 0.383 0.412 

.... (R~Rj)'NS= 0.000 o:on 0.003.0.006 0.016 0.0510.1020.1590.7150.2760.313 0.352 0.374 0.390 0.423 
.... -. -

.... U/lI= 0.000.0.100 O.2no 0.300 0.400 0.500 0.600 0.700 0.800 o.QOO 0.950 0.980 0.990 0.995.1. ono 
X:.6.00IN !R"RlTNS= 0.0(\0 0,002 0.005 ().012 0.042 0.097 0.154 0.211 0.7.69 o.l26 0.369 0.406 0./,29 0.444 0.476 
.. _ ...... c".I'Hl jlHIS= O.()Oil 0.002 0.004 0.009 0.028 0.077 0.137 0.198 0.;)60 0.322 0.364 0.405 0.4~O 0.446 0.479 

.. - •... __ .-._- ........... . 

_ u/U= 0.onOO.100 0.2000.300 0.400 0.300 0.6no 0.700 0.800 0.900 0.950 0.9ao 0.990 0.995 1.000 
X:.i'.OOIN .. iAO'R)TNS= 0.OO().Il.0030.0!)6 0.016 0.059 0.124 0.181 0.250 0.314 0.377 0.428 0.468 0.492 0.509 0.546 

~_._ (R-R~TNS= 0.000 0.002 0.005 0.012 0.044 0.106 0.172 0.239 0.3050.372 0.420 0.463 0.490 0.5070.544 

u/lI" O.ono 0.'000.200 11.300 0.400 0.500 0.600 0.700 O.Ron 0.900 0.950 0.Q80 0.990 0.995 1.000 
x= 3.00IN .. (Po~)TNS= o.ono O.O~3 0.0070.020 0.074 0.149.0.219 0.2118 0.359 0.428 0.487 0.532 0.559 0.579 0.618 

(R-A~TNS:: 0.000 0.003 0.006 0.016 0.061 0.135 0.207 0.278 0.351 0.422 0.479 0.525 0.5530.572 0.6'3 



~ 
I 

'!'ABLE A.6.1 .. r. ON';'. NON~DnleNSrONAl t·1 F. A IJ VELOCrrv PROn LES 

UfU::: 0.000 O. 100 0.200 0.300 0.400 O.SOO 0.61)0 0.700 O.ROO 0.900 0.950 0.980 '0.990 0.995 , .000 
X".9,OOIN ( Ro· R 1 1 IJ S " 0.000 0.003 0.008 I). O~O 0.107 0.191 0.266 0.338 0.413 0.487 0.554 0.6n4 0.634 0.658 0.694 

. '-, , 
(R-Ri\ J!o.JS" 0.000 0.003 0.OQ8 il.025 0.092 0.175 0.252 0.327 0.404 0:480 0.546 0.596 0.625 0.648 0.689 

.. ufU" 0.000 o . 1 00 O,20il i).300 0.400 0.500 0.600 0.700 O.flOO 0.1)00 0.950 0.980 0.990 0.995 1,0 00 
X=10.00IN . ( R.;' n 1 1 N S " 0.000 0.004 O. 010 0.042 0.135 0.226 0.306 0.384 0.464 0.544 0.619 0.675 0.7Q7 O,73S 0,775 

(R-Ri).TN~= 0.000 O.O(l4 0.009 0.033 O. 119 O. Z12 0.294 0.373 0.455 0.536 0.611 0.665 0.698 0.725 0.764 I 
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TAille A.6.2 CONSTANT CO~E DIAMETER ANNULAR DIFFUSER THOMPSONS PREDICTION METHOD 

NOlj.DI~FNSIONAL 
.. 

LEN(,;TH(l/AR,l= 7.50 ."", . '--. ENTRY LeNGTH (L/ ~" 
e 1 

:;1,0 WYDRAULlC DIAMetERS' ---. ~. .. '--'- ~ -

... -.- .. --.-.---.. ., -, .. --- . 
RA'l'IO<AR)=2.000 

". --. -' .. , .. --. AREA a L 0 C I( A IJ E ( R,l 11 0 . 0 ~ 8 
• ... < - .~ , ••• -' - - •• '. _. . .. - - .. . . 

, .. ',-' . - ". -'.--. - . . - . - . 

NO. (UD~~) "1,7394'5.0 • '-_"'0" .... UJLF.T RADIUS RATIO=O.833 INLeT ReVNOLDS .- ....... -.. -- " .- -, ... -.---
.... -, . --- . 

eONn%TIONS 
... 1 "-. 

- ... . .. .. NATURALLY DEvHOPFD INLET . 

. . ... ~ .. -•.. - ---- - '.' 

-.. ---- - ' .. OUTI'!R wALL INNER WALL 
l( " Il 0 Ri . . - .--- 1I DU/DX Cp ... , -' "> e H C-r e H C.f 

( un ... ( 1 N) ( IN) ... H/SEC I!iEC .. ON) et N) 

..• . .• . . 

o.,O() ';<1.067 49 Oil\) 163.~ 0.0 O. 061 . O.p4 0.000 0.000 .0210 ~ j~g .00336 0100 1.420 ,O(JS8F1 
1 .000 ')n.134 49:000' 155. ,,,,74.9 O. 148 O. 63 0.000 0.000 .0;;:55 .00313 :0233 . , ,442 .00368 
1.~OO ~().?iJ1 49.()OO 1 41\. , .181;6 0.235 0.7'61 0.000 0.000 .0311 1.582 .00283 .0285 1.470 ,00337 
2.noO 0;0.268 1,9.000'" 142.2 

. 
-142.3 

. 
O. ?Ri" 0.000 .0366 1 .667. .00242 .0336 1.503 .00303 O. 299 .. 0.000 

2.<;00 'ill. 335 49.000136.7 .132.7' 0, 357 0.81() 0.000 0.000 .0428 , .764 .00204 .0393 , .561 ,00273 
3.1\00 ~1).4()2 1,9,000" 13;>~2 ~~10i".O O. 402 

~ 

I) .• a15 0.0 00 0.000 .04119 1 .845 . .00167 .0449' 1 .620 .00241 
3.'100 0;0. 469 49.()QO 

. . 
128.4 . -t) 1. 0 O. 439 

.. 
0.811 0.000 .0552 1 .91 J .00145 .0506 1.687 .01)213 0.000 

4 . ,) nO ';).536 49 .ooC) 124.7 -1'.1l.3 O. 475 0.821 0.000 0.000 .06~2 1 .995 .00120 .0569 1.763' ,00182 
4.~OO ~,).60~ 49.000 121 .6 ·'15.0 O. 503 0.822 0.000 0.000 .06Q1 ;>.069 ,00102 .0631 1.825 .00 1511 
5.000 'io.670 49.00\! 118.8 -f>6.4 O. 528 0.822 0.000 0.000 . 0 7~9 2.135 .00097 .0693 . 1 ,879 .00148 
5.1)00 <;0.737 49.000 116,2 -62.0 O. 551 0.823 0.000 0.000 .01\33 2.203 .00081 .0759 1 .930 ,001,9 
6.1I{)0 ~().B04 49.(JOO 113,8 "56.4 O. 572 0.82~ 0.000 0.000 .0908 2.290 .00073 .08i!5 1 .979 .0()11B 
6.~()O ~o.8·?1 49.000 1 '11 • 7' ~49.6 O. 590 0.823 0.000 0.000 .091\4 2.357 .00058 .0891 2.021 .00101 
7.(1)O 50.9311 49.00!) 109,8 ,w46.1 O. 606 0.823 0.000 0.000 .1062 2.428 .00050 .0958 2.067 .0OO~:3 
?~OO 'i1.00'l 49.000 108.1 -1.1.5 O. 620 0.82~ 0.000 0.000 .1141 ').467 .00042 .1025 2.099 .00084 

',"-
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TABLE A62" CONT NON-DIMENSIONAL MEAN VEl.oCITY PRO~ILF.S -.-_. . I' ~ ... 

- -- .~----~ . u/lI: 0.000 () 100 0.200 0 .. 300 0.400 I).SOn 0.600 0.700 0.800 0.900 0.950 0.980 0.990 0.995 1.000 
.. X "_:Q. 5 0 p.c. ( 1l00R i 1 N ~ : 0.000 0.001 0.Of)1 o.0f)2 0.004 0.007 O. OH 0.035 0.064 0.103 1).129 O. 1 S 2 0.168 0.172 0.196 

'_ I R - Ri) 1 N S : O.OOO.u.OO1 0.001 0.002 0.003 0.005 0.011 0.025 0.049 0.095 0.125 O. 1 55 0.174 0.180 0.20'1' 

U/tI:: 0.01)0 0.100 0.200 0.300 0.400 0.500 0.600 0.700 0.1\00 0:900 0.950 0.980 0.990 0.995 1.000 
--,. 

1.00 I N. 0.001 0.002 0.005 0.217 X" (R.;-RH NS= O.ono 0.003 0.010 0.O?4 0.04/\ 0.nl12 0.124 0.150 0.113 0.1 A9 o • 19·4 
- - - .-- (R-RillN~" 0.000 0.001 0.001 0.002 0.004 0.007 0.015 0.0~4 0.066 O. 11 5 0.148 0.178 0.1 Q9 0.204 0.235 

. u/u= 0.000 0.100 a.200 0.31)0 0.400 0.500 0.61)0 0.700 0.81)0 0.900 0.950 0.980 0.990 0.995 1.0 00 
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FIGURE A.7.2 

DETERMINATION OF SKIN FRICTION COEFFICIENT AFTER 

CLAUSER(15) lI.6RI =10.0 ; Le/ Dh= 2.0 I 8 1 = 0.028 
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0.140 • , 11 .... 845 .. , 001 1 8 .058 ... OOBS 0.247 ....... 

0.11>0 · ,'27 .. . 887 . .00089 . · .051 ... 0075 0. 250 

0.11l0. .143 .921 ... ,00063 .O44.()O64 0.254 
0.200 . , 59 .• 951 . .OO(J41 • 0 ~~5 .005 3 O. 260 

0.220 . 175 .971 .• 00023 · .O?7 . 0041 .0.270 
0.240 .191 .. .983 .• aOO11 .020 .()O27 0,259 

0,260 · .207. .992 .0000/. .014_ .0016 .0.260 
0.280 .223 .998 ..;00003 · .011 . .0033 0.635.. . 

REVNOLns RTReS~ INTEGRAL(J)~ .000264881N 
.'. 

DISSIPATION INTFGRAl(~)= 0.000988 
'2 
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T h fI LEA·7. , 9 _. __ CONSTANT CORE DIAMETER ANNULA~ DIFFusER. 

( [ i l> R " '" 7 • 5 0 __ (L I Dh ) = 2. 0 ( A R ) .. 2 • 000 ( B " .. 0 • 0 28 e , 
_ INLeT REVNOLDS. NO. (llD~·n"173944.0 . , 

STN,X",-3.150" X/N=O.420 GREEN PO!>TTION(2l" tlo =1.785 Hi "1 . 7 0 6 . b'" _ 0 8 4 8 1/ C = .0'/88 'u" , 3 0 . 90FT I sEC 
:2.~O . 0,2._t> . 12 - 0 

R-qi 
R-R, 

o I 

J,-p 

NATURALLy DEvFI_OP~D INLET CONDITIONS 

Ft-Ri R-R i 
(IN) . R;Rj 

IIJNe~ wALL 
'I"\T' J Lt! ,.' ..!J". .J&)L. _ _ -

tJ 11'- I) 

R~VNOLDS.STR~SR INTEGRAL(J)~ .D0022897IN REVNOLDS STRess rNTe~R.L(J'" .nOQ4648RIN 

OIS~rpATIO~l rN1EGRALI~)" 0.001849 DISSIPATION INTFGRAL<~)= 0.001463 
2 2 _ .. _ .. _ ... _ I--________ =--_______ ..J... _________ ~ ________ ___.l 

I 

- I 

I 

----- -I 
- - I 

I 



TARLE A.7.20 
-_. - --

_. __ ._ CONSTANT CORE DIAf~ETER ANNULAR DIFFUSER_ 

'( L h.R,' ~~-7 . 5 0 _~-~--(ll On ):; 2: or CAR) ,,2 . 000 
fI, ' 

. 

INLET REVNOLDSNO. (v..r>.,/V) =173944. 0 , 
STN-~'X=,4.1()O" X/N::0.547 GREEN POSITlON(2) Hi :: 1 • 8 41.~: " ,11 5?"', .~~ " .1070' '. U= 1 2S: 09 FT I SEC .' 

2~Q . 2-11 J.-1). 

_NATURALLY DEVELOPFD INLET CONDITIoNS 

.OUTER \~ALL 

'Qo~R ., R .... Ri ~--~-----.- u..'IJ" 
.. ( 1 N) . R.;- R j .. u ._... 7 

.. -- _ .. - .-•.... -,-- -

O.n78_.947 .. 464 ..... _ ..• 00352. .097 • 0 1.3~ O. 228 
0.103 _ .• 930 ._.519_ .• 003?1 .• OIl 8 ., . 01 ~4 0.221 

.0.128 .c .• 913 .• 582 ..• 00.394 • OrJ 9 .. 0136 .0.217 
. Q. 1 53 .896 • 6/.3 ., .- .00398 .0<) 6 .0140 0.221 
.0.17.3 .... 8 So .. 70l\ .00389 .091 .0147 0.236 
(j:~03 .863 .. 756_ ..• 0()342. .0kS .0144. 0.246 

,.0. ?,2IL ... 3f.6 .• 808~_.OU293 __ .076 ,0120 0.222 
0.;>53 ..• 829 ... a'5L ...• Ou245 .,067. .0114 . 0.250 

.0.?7S • B 12 _ ..• 898 . __ .00204 .. 056 .0111 0.245 
,0. 'H) 3 .. 7~5 _.932 . ..• 00158 .044 ,011 0 n. 275 
.0.128 ..• 771'. • Q 59 ....• 00110 .031 • 00 9S. 0.3 67 

.-.0.153 .. 761 · .977 ___ .00066 .. 023 .0078 .. 0.305 
C,'~78._.744 . __ .988 ..• 00028 .. 0 'i7 .. _ • 00 5 4 _ 0 . 326 

. 0,403 .727 . . 995 .. .00011 .0,.3.00 41 0 .. 400 
!}./,23 . __ .710. _.999. .00004 .010 ,0031 0.518 
i).unO ,.0 (1 (\ · .(JOO .• 00000 . 000 .0000 0.000 
O. (,00 .OOIi · .oOu .00000 • 0.,11) .0000 0.000 

.. . 

qpVNO'.ftS STReSS INTEGRALCJ)= *-.00072174IN 

DISSIPATION INTERRALI~)= 0.002013 
2' 

R-Ri R-Rj 
( IN) .. Ro- R j . 

0.075 ..• 017 
0.0<;0 _ .. 034 
0.075. .. 051. 
0.1 nO . 068 
0.125, .085 
0.150 .10' 
0.175_.118 
0.2nO _. , 35 
0.2:>5 .152 
O.2~O .169 

... " U. 
tl 

.• 36? 
.• 432 
.483 

.. _ .. 538 
.. 596 
._ .• 658 

. '725 

.735 

.8~6 

.880 
0.275 ..... 1 86 __ .. 91 8 
0.300 _ • 203._.95 ° 
0.3~5 .220 _.969 
0.350 ..• 237 ... 982 
0.375 .• 254 ... 991 
0.4()O .271 .996 
0.425 • 288 .999 

. INNER WALL .. 
W ...!:!:.' .,..'.--U,'-v-I 

... ' U' !J 

.00148 .087 ..... 0037 0.096 - -.---

.IlO191 .089 .0074 o . 1 70. ______ 
... 00215, . • (J 86 .. 0097 .0.210 
.. 00229 .01\5 . .0095 0.199' .. 
.00242 ..• 083 .0092 (). ~ 87 
.00244 .08 i .0086 . () .174 ... __ 
. 00223 .078 . .0080 . '0. ~ 69. __ .. 
.00172 ... 073 .0072 0.172. 
.00120 .Cl1>7 .0061 0.176 
• oO()QO .. ,. 01>0 -- .0048 O. '\ 60 
.00O~2 ..• 052 ... 004~ 0.17? 
.00035 .042 .on32 0.171 __ 

. .00017 .032 .. 00 2 1 O • 160 . -.,------ -
• 00006 .. .022 . .00 11 O. 142 .._-_._- -- . 

.00004 .. .0, 5 .00 11 O • . 1 75 

.00004 .010 .1)016 0.252 

.00003 . .01) 7 .0079 1.463 

REVNOLnS STRE~~ INTEGRALCJ)= .OOOS99?2tN 

DISSIPATION tNTFGRAL(~)n 0.001213 
'2" 

, 
-- , 

, 

.. , 
, 
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TARLE A.7.21 .CONSTANTCORE DIAMETIlR ANNULAR DIFFUS~R .. 

(lhR,)~:7,5(}:'('L;!'l,'" 2.0 (Mn=2.()00 
. e 1"\1 

(B)"lO.028 , INL!'T REVNOI.DS NO, (u.Dh"v,=173944,O 
• 

STN~ X=; S.050"X/N,,0.673 GREeN PO~!TlON(2) H.::1.89A 
l·p 

<j( , h-' i' - 11 -

Hi=1.879 $.=.1384 h;=,1318. u=118.23FT/SEC 
.2 ~'O 2. ~'P "-'0 

NATURALLY DEVELOPED !NL~T CONDITIONS 

OUTER WALL 
j iLl' .• 

INNER WAll 
Ro-A -.'< R"'Pi _. Jh. . u.1

...,.' E. e R-R i R-Ri .~ 0.' \T I . . .... .fE' ... e Q 
(l N) . R-R· U "ij7 11 '"U£¥ S,: . ( 111) R-Il, lJ 112- U lJ S'" ~~-1) . , <=>:1-0;) ~-D o , 1.2.~1' 

'"---,~ -- .. ' .. 

n. (1/.9 · ,9t>L .• 3~11 ......• 00182 __ . 1 (IQ · .0063 () .149 0.020 .013 .315 .00090 .082 .O1l15 0.049 
0.089 .... 944 ....• 454 ...• 00437 .. .126 .0' 5~ O. 235 O. OM .038 .425 · .00277 .095 .• 0113 0.216 
V.129 _· ... 91 Q ..• 529 ...• 00440 • ~ 41 .0156 0.::>35 0.100 . 1)63 .. 493 .00361 . (197 .0156 .. 0.26() 
o . 1 t>9 · .894 .• 615. • 0(l433 .142 .o1S6 .0.237 0.140 .. .088 ... .570 . ..• 00359 .• 098 ..... 0144 0.239· 
0.209 ..• 868 .611 8 -_.- .00380 .128 ..• 0141 ... 0.228 O. ~ Ra . 11 3 .644 ... ...• 00340 .095 .0136 0.233 
0: /./';9 .• 843 .. .• 7'71 .. .• 003:14 . .1B . .0137 0.2411 0.220 .. , 38 .. 722 .00292 ... 091 .• 0120 .0.222 - .. -.. - , .. 

0.21\9 .... 818 .... • 838 .... 00225 . • 0'''6 · .01011 0.227 0.260 .. 164 .IIO{) • OO221l ....• 084 . .0094 . 0.196 
O.:~29 .• 793 ...• 892 ....• 00136 . On . .0081 0.221 0.3nO .189 .. 875 · .0(\158 .073 .0073 0.183 
0.,,69 .768 ... 937 __ .0(1)86 .056 .0062 0.211 0.340 .214 .935 ... 0008"1 .05i' .0057 0.,95 

.. 0.1.09 ,7 4:~ .973 . .00072 .044 .0070 .0.260 o .3RO .239 .969 ,00038 .038 ....• 0()41 0.20" 
I!.. 449 · .717 .990. .00036 .0;;5 ;0055 0.289 0.4'-0 .264 .... 987 .00016 .02'1 ,0026 0.209 
0.489. .692 ... 998. • 00020 .....•. 027 .. · .0068 .0.487 0.460 .2119 ..• 996 · .00006 .013 .• 0023. 0.296 

"'~VNOI:ns !:TRESS I NTEG RH (J): 00' 07798 IN' REYNOLDS STRIlSS INTEGRA L (J) = ,00025963 t N 

.OIS~TPATTOfJ INTEGRAL(i)): O.()02132 DISSIPATION INTFGRAUf!)= 0.001737. 
T 2 ..... _ ..... '--________ .::..-_______ ....L-________ --=-________ ---l 



-
TARtE A.7.22 CONSTANT CO~E DIAMETER ANNULAR DIFFUSER 

(' L ill· R,' =-:-'7 . 50"=:=' <Le' f)h,)" 2. 0 ( A R ) = 2 . 000 ( B,)I' 0 . 028 1NL eT REVNOLDSNO. (irDI!.·n=173944.0 ... '" 

STW:·X~6.(}OO'.)(/N::O.800 GREEN P05tTION(2) Ho::~.023 Hi"1.9S4 
. * ,. If· . It' .,. 11 

~.=.1802 bi".1645 u=114.55FT/seC 
2·» ~~D 1-~ ,l.~I> 

.NATURALLY DEVELOPED INLET CONDITIONS 

.. ouTER WALL r='" 
__ ~ Lt' ..,..1 ~ Lt' 

.. ue 11 
_ ... . 

. 0. (140 ....... 976. 30t) ....•. 00189 ...• tt.:? 
O. MID .. 953.370_.00320 .146', 
CO.120 .... 929 .• 4:15 ..• 00 /.58 .143' 
(). \ 60 .906 .502.. .OOS31 . H9 
0:200.,882 ..• 57·, .• 00536 .L~4 
0.240 ... 859 ..• 642 ...... 00526 ..• 1;;R 
;).2110.835 .....• 713 ...... 00537 .12,)' 
O. ,20 ...... 812_.785 ...• 00496 ..• 1,1 
V.~'60 .. ?M .841 ..• 00310 .099 
0.400 .76S.888 .• 00173 .085 

.0.41.0 ..• ?41 ..• 929 .• 0012'7.072 
(,.4110 ...• 718 .• 960 ..... 0(;111 ... 058 
iJ.'i2Q._ .• 694 ...• 979 ........ 00091 .• 0/.5 
o . r; 6 0.671· .991 • 00073 . 0:,2 

.0.600 .• 647 .• 998 .• 00056 .022 
O.noO .. ,000.000.00000 .000 

.0044 

.0111 

.0164 

.0168 

.0161 

.016? 

.0170 

.016S. 
• (\ 130 

.0091 

.0079 
· ,,09 B 
· 0112 
.0141,1 
• 0347 
,0000 

O. 101 
0.196 

.0.7.42 
0.23' 
0.220 
0.230 
0.232 
O. 246 
O. 2S 2 

0.?20 
0.220 
0.294 
0.372 
0.~54 
1 • 46~ 
0.000 

R;lVNO,'IlS ~TReSS INTEGRAUJ'= *-.0024B2151N 

0.020 .. 012.~.2B8 .. 00055 ..• 093 ... 0010 .0.044 
0.060.035.371 .. 002.4 ,105 .. ,0090 0.194 ... _ .... 
0.100 .059.423 .00302,'05 .0.3, 0.239 
0.140 .OB2 ... . 4B, .• 003'9 .106 .0.2' 0.2'5 
0.1$0 .106 .... 560 .• I)03~7.1'O.0112 0,196. 
0.220 .• 129 .... 644 .00385 .1.3 .. 0,n 0.180 ...... . 
0.26D.15~ .. 720 .. n03!l2 .11/) ... 0,26 0.203 .... _ .. 
0.300 .. 176 .. 71\3 .00353 .10] .. 0126 0.212 
0.340 .200 .853 .00262 .09' .... Dn99 0.194 
0.3M .• 224 .... 910 ,00177 .074 .. OOS3 0.22 0 
0.420 .247 ..... 91.3 ... 00104 .. 055.0084.0. 260 

0.460 .271 ..• 963 .• Oi)OB.040 .• O-01i3, .0. 2 77 ... __ ... 
0.5110.· .294 .... 977 .• 00023 ....• 029 ...• 004' __ .0.269 .. 
0.540 .318 .. 987 .0001' .020 ,0028 0.268 
0.51\0 ... 341 .. 994 ...• 00006.012 .• 0026 0.349 . 
0.620'.365 .99'1 .00003 .OO? .0(\1;9 1.265. 

REYNOlDS RTRER~ INTEGRALfJ)= .oo207537IN. 

DIS~IPAT!ON INTEGRALCi2)= 0.0021\90 DISRIPATION HI"o'F.GRAt<j2)'" 0.00'91)7 
2 2 . -- __ ._ ... L-_________ --''--________ ..L-__________ -=-_____ .-;.. ___ --' 
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FIGURE A.7.15 

DETERMINATION OF SKIN FRICTION COEFFICIENT AFTER 

CLAUSER(15) [/lIR I = 7.5 ; Le /D h =9.5 ) BI =0.089 
I. 

NATURALLY DEVELOPED INLET CONDITIONS 

OUTER WALL 

1.0 rr'::"':rl, ~!--r':"':'=T--"II~--r'0~~---rI-----:.;--;o~IJQ~~·v"':-~() rT'lil-----1 

U
UJ II I <::)<::) v.. t:.x V ~ I I 0.003 

<::) <::)<::) CA () I '& () 

0.8 1--t--+-+--.;t7I-~~ 1 .:p x ~ 'U-n-+:--+o-.~0~02--------

0.7 /Vlt- r~-5 i.-f IX ) :.: I ..... 

0.6 LJ?,JL r-f .1') ~~·V '.:. I 

/y IV 0 () ~ 1 

l-{ -, ~ \1l1 x v 1& () ~O.OOl 
0.5 >--+-y Vt:. \ x ~I v ~~ I 

I li t:. X ~ () 0 et I \--1 +---+-----_____ _ 
0.4 -~ l/.KI1 V~ 1 T '& et -' --

/ t:. X () 'V I ...:.--- 0.0005 

/ () ~ I ~ ~_ i '& {!.() --= __________ ==------_..:------+---_+ I1 ---+---+--_~ __ _ 

0.3 10 ~1~1~~ 
I . -I ~ i \~~~--+--_---+--1-----++-_______ _ 

0.2 vyJ-- -J () () ~ I -

-

I I I [Y "100. I I 
0.1 

o 
L, 6 8 10

3 
2 

---------



FIGURE A.7.16 

DETERMINATION OF SKIN FRICTION COEFFICIENT AFTER 

CLAUSER(15) [/t,R I =7.5; Le /D
hl

=9.5 8
1

=0.089 

NATURALLY DEVELOPED INLET CONDITIONS 

INNER WALL 
1.0 h:....:....:.:.nlT.:..:..:....:I--IT~I-T' 7;:;-g~rn---1 

I 2~ 
°6

x 

~J \)\)" .1 OAt. x ()\ () 0.003 

0.9 +~-~---+----,'-~~\) X()~I()/+-+~------~ 
• 'l6 "' 

0.6 
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·~~():I L' 

-T' 0.8 t-t-t--t--t--/ -~ • : ~ :6
X 
rV:~r - ----. 

v,,() 0.002 
• I I I 

0.7 r---t----t-/ft7 1\-; ~~.I· 6
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X ~ f~() q- t---

. I 1 0. () ~ 
tl~·i-+t"tJ.v.}-j- 1 

IY £J \ A X () v" ~ J I 
0.5 H-/',-t-+---t-/

6
-\ x _() v" : _ l~r·OQ-l ____ _ 

y i ()v,,~ 11 

0.4 f-+---t-/-t-t--I _X--j--;;-:_: ;:I~ ·.~I- +11 __ .. _ ... ___ __ 
() V ",l& I J L' I "[ .0005 
~ " I 

0.3 ~-~,--l-;/ 
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3
2 46810

4 
2 

(R - Rj)U 

:y 



---------~~~~~---~---~==-~--~-~---~ ------------- --------------------:=~~--~-----=:J 
---------------- ------~------- ------------1 

-----------'----------- --, 
~ ----- ,.------------------------~------------------.,------~ 
-. ----:-- -n:aTc-A7-------C-ONSTANT-CORe--I)TAI-IETER--ANNUn,Il--j) r F FUSElrR ---------c-----,-------------------- -----,- -'-----. ~ _ . __ . _ .. 23 _____ ~ _______ ~ __________ ~ ______ _ 

. 

L----fI-JO~D lMEN ST5RArLEinrrHcLl ~Bf"-r.!O ________ -~E N_":...:.-R:..cV_-=-C:;E_N:.:._G"fJ(lTiPril" _9:'~_:~~V_D R:.A_.lJ.L_!C--_D_! ~;,e~[~s_-7=1 _______ '-' 
f--___ I-'-______ -ARO-R1I TrO-(kRT"-Z':0 II 0 B LOCK A G EHljO-:-O_8.:..9 _______________ - ~ __ 

f----:--1-----'!"liIET--RX!i!UlqiATI OiiO-;833 -------n~n T--Il fVNOfDr NQ-:tO D/~ ).-1 nozr 
f----I------..:..:.:-=-=-..:...:c.::......::.::...-'-::.:.:.:..:.-=-----~::;------':.:.:.L-:--= '---'------------ ----- -- h --j -------- -----------

. ---- -1-------,.-----------------,----------------..-----1-------; 
f----1--------- -----------OUTElf-I.JHL -----yt4NER-IJHl: - --- -----------------: 
----- , ---------f--------- , .._ ------- ---------~ 
f-----I--"X;--. ----,Xc;-'''N'- --b:" _ e----f)""'--H-- -- 11- --.b*--- e-----&'*"'---H----ir------ ________ ...J 

----·--~(fln------ ---eno ON) <Hl---- -------rHJT--nt~'----rujj----------------------- I 

---- .---------------------------------------------- ----------

L-_____ --L _____________ --'-____ --,-_____ --' _______ -J ____________ ._--

"-" ---_. --. - -------_._- ---~--------, ~--.-------- ----, -.----,-- -_ .. - -- _._--_ .. _- - -.,- .--------------- -- -.---_ .. _ .. _-- .-~--,-~- -------._,-,--'----



c==:-------------------------------------------------- --------- ------- -----.--- -------------.-------------.-------
------------------------------------------------------------ -----------------_._._--.-- -----~-----j 

~--------r_------------------------------------------------------------------------~----~.--------------1 
1 ______ I_T.c.:-A,-",I: Il:.::Lc.r_ A.7~24 _--~-C-ONS T ANL:C ORU(A-MtT ERA NtlUL7;li-"lfFOs-EIf-------------·------------------

1---__ -_ NONwuHia-NSToWA-L LEN(jTllrt7K~?--.--r. 50-ENt'f"'-:-c~ENG.'!'E..t~ll6ri:'-EY:~DRAunc--Df An! TERS 

ARE A R A nOTA fffiii!:-ooO __ :_ --------8['0 CKiGHlITliO='-.C:0e--8_9____________ 1---------0_-----1 
-

- NATURALLY DcVE.LOPED INLET CONDITIONS --- -

, 

- - - . _____ - __ I 
, 



L/6R,= 5.0 AR
1
_
2
=2.0 - [R.lR ] =0.833 

- I 0 1 
-

t TRAVE RSE • Le • 1. 

STATIONS r--. ~ 
t.R I N 6R2 

X!N SYMBOL STN 1/ Ro Rj
T jR t 

Xd 
• Q 

0.630 () 1 --- -- .X ------ ~; 0.060 0 2 ~ 
120 

3 ...... 2. 
0.150 lA 3 

/ 

0.270 h. 4 

0.390 X 5 

0.510 () 6 GEOMETRY. TRAVERSE 

0.630 V 7 ~o= 10.0
0 

POSITIONS. 
N =4.96 IN. 

0.750 V 8 . 
0.B56 '& 9 Ro':: 6.0 IN. Ri = 5.0 IN. 
0.963 () 10 1 1 

RO ::; 6.875 IN. 
2 

Ri = 5.0 IN. 
- 2 

XcJ,iR~1 - S1 

2 - S2 symbols as noted unless otherwise indicated , 

, 

3 - S3 
-

'-----
\ 



. , 
.. 1 

, . . , 

l' "k " . ,.. ,,11:: 

" I I' 

,. 'I 

,'lIil.:; ,;;; ,.; li:;:;::, "~i. i:i 

!,,"::: :, ,,: ;,' :ji:·::::I:" ":, f:: ::: 

i'1' I' "~:: ':: :.' : ... ,,: .. : 

: ''': , ii i; 
"'1 I r I 

,;;: • I 

;' 

FIGURE A.7.17 

. 

,1:: I':: ..::. li'" li.' I •• ,:: ;"1 
. )' i'fji:Ji ,: :f';'::n ;i','" r:: ',t, 

,if I" i' I:; . I::".., iF'· " 
.': I, ,> '.'::,,:, , '.:l; .. 

"1 

. , i·ii :.[" "":'''"'1':::1'1'' li' ., 
, .. , , 

• it If , . 

" 
. 'or 

'" .. !I, 
" f;'O, 

" >If" 
:i' I,' : 

, I, ~ /. ' . ': 1:1 " I ,,: I •• , I" .. 
"'''Mm: ;' 

: j: ' f t ,,:, , f 

: :'l' i : 

. ,. 
: ,l,;f"'!"I 

I: , . 

, , 

, , 

"'. :1 '" , 

, 
" 

" 11 

• t i I 

,,' 

., 

' . 
, . 

.1 : , 

1,\ ' 

" 

, , 
" '" 

.. , 

. : ,). . 
1 • 

. I' 

, :. 

'1:: ' .. , 1~1; h" 

, : t.' , 

l' 

• it 

.. . ., :;: j: I 1 ,.,,;,;, :: 

i· 
:',1 :;:: ," 

. : 
',1; ., 

1 

,C, 

1 ';:. 

@< 

. i" 
• c ". 

.. ;:, 

,: ,i+:l~ "", 'i:: 
"c' 

, 
I I'. 

1,1 

..' 

; , , " 

I': 'I 

1 , , 

,. ,-rtH 
''': 
I.':. 
'r, 

. 101. 
..... 1." ii'> [[:." 

, ,++ ,. 

1" ... ' 

'L.· . 
,~:, 

t: 

'!.! ! .. 

." 

-::-: j , 

1'( 
., .. c::: I,i!': I •. 1IJ 
::;: 'j 

: , 

.,. :i:: '., 
" , 
, " 

,::~ 

, . . , 
1;, , 

',: ' 

", 
: .. ,' .. 

.. , '><I 

,::: . " . 

, '. ;!ilf' 
:!'"' rrrr l' 

" ',:: ... 

,~ ,,,,," ·1 ... · ,. ",\:iU; 
i' ' " .. ~b 

I;; [~' :il;:. .. , 
;,:: ,.:,j , .: 

iI' 

';:: ;i: I: f 
ii !. :L; 

, , 

" 

" .. 

,.. r;;:::" 
'I'ha: 

::. T:y 
,dCLI 
::, I:"; 'r' 

:'mi'. 
:::::c: " I",.....,· .. ·,.;;, 

• '·f l'i 

,:~:::hL hiT": r" " 
. ,.:xii '; bi<':'i' .:':)dll .. 

':';' li' ":,,,,""::1 I:: , Idl' 
I~ ",: ,:,:"t;;,(, " 0:: 

:] HI ,,(d: 1 .,', .... 

; 1 (;i; ':" ,:: 

i, •• ' :, '"I':i 
" iT "'ilij ::."" 

... , .... ,... ,; I <lE ::''''.:'.'::::1 

f;;',,,tE,,,il ,,:I~ ']<Ill' ,I" I';':: ,·:·i 

'lil::~~~~li:'~"~ii~:' 
I" :. ~ 

" ,:: ':, ., 

, :: . 

,.' .. o. .. I" ' ' . ':.' 

'i;' ;::::1;:', ;-:"1611 ii.i ,1:<11·' il': 1 ,'''.i' ::" "C 

,;,,:r: ~'i 'I' PV'<!f" if'T:· " ,jj'. '; ,: 'i~' 1 ;: IT" '1'( , 
::~I.I.,:ll!Iil<iin:'.,::"." :I'~ )'1:: 'i"C "'.' " 'ie:' ... :::: :.., 

" : 

if,,'i:li ';:·I:Ill·· :::1," '",1, '''', ,><l.'il":[:: "'i~l!::""""I':: ::r, i,·. 
:j'], ':("1 ,<3 .·c.: ,i~('Kj .'1'1 ..1 .i·ii' li: ,:'>1: ' I 

.. H "",,::~:.;;, , .. , "::+1'1"':01;'661:'11 "1" ,',',' .,. l.i':!i',H+i :,.! .. :; I', 
., N ':.j<p ..;. ". .., ':, '.,. "i, .', "", '" '.' ,:.. . •. 

..:, ;I"'~ '~ •.••• ••.••• ..1, ." , 

',." " . "L ••.•. , ,+ 
:~~ I' .••. ..1:., l'e •. , ••.•• 

11 ,'r G . ':'.,., . . ' "!' 

. '1:,::1: : ... I, I"1<l<:I,';.;;"I·':; •• :. ••• :": ••.•• :.:.: I: .:' , I'" : .. ' 

! : 

. cc 

< I, ' 

i. 
I:r' :i' 

il: : I i:: , '. 

'" .1: 

;::1::, i:, I":' 11, .. 
'1, iii I::" ,1\' 
, ,Ji ::c 1::;1::': 

I:.' ,.1. 

I i Rili .:' , ' , " 
,::: 

:: 1. ',,1::'1:.: ::, .. • ,"::i I i" ::.' 1''' I::'. I::' I':·: "f: I::' fi: 1': •• ,,, I:, 
1;;;,cL 1''' I·: 'f; ,'liB', '.' I •.•••. ," : .••. ,:, "'iti, I: 11:1' I· I' 

>11: '0,>.,1 '., le I Id I ' 'I .. :; 11'· I: 
, ' ••• ,'.:.. .••• I';"':: Ii fi , 

, .. ., "'.'. '.': 1":' ::ltl'l:i '.' I" . 
. ,f I I ,,' ,": ". I: '1<·1: I b 

.' ., 



FIGURE A.7.18 

0.003 

0.9 I-+----i 

0.8 f--+-f 

0.0005 

x 
0.2 r-t--t--

x 

0.1 

o () 
() 

() 

1, 6810 3 2 



FIGURE A.7.19 

DETERMINATION OF SKIN FRICTION COEFFICIENT AFTER 

CLAUSER(15) [/lIR I =5.0; Le/Dh=2.0 " BI =0.027 
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TABLE AJ.2S_ CONSTANT CORE DIAMETER ANNULA~ OIFFUSER-

x 
(IN) 

3:,47 
0'300 
0'750 
1 '350 
,'950· 
2 '550 
3 ',50 
3:750 
4.282 
4813 
4:813 
4 :813 
8:750 

12;SOO 
16,250 

-

ENTRY LENGTHCl/D)D 2.0 HvDRAULIC DIAMETERS _ e fi, 
AREA RATIOCARl=2.000 BLOCKAGE(Il,' =0: 027--· ----

INLET RADIUS RATIO=0.833 

-- NATURALLY DEVElOPE.D INLET CONDITIONS ---. ---

XIN 

_. . -

0.629 
0.060 
0.150 
0.270 
0.390 
1).510 
0.630 
0.750 
0.856 
0.963 
0.963 
0.963 
1.750 
2.500 
3.250 

OUTER WAll. . 
1<-_ .. --. 

b .. e s ... '" -. . - - _._. ~ 

H 
<I N) ( ! N) - (y N) 

- -.- _._" --.- -' --

. 0137 .0099 , 0173 1 . 392 
,0282- ,0182 .0317 , .547 
.0430 ·.0261 .0441 1.647 . 
,0646 ,0359 ,0588 1.800 
.0916 .0458 .0730 1.999 
.1338 .0575 .OR90 2.326 
.1365 .0730 .11Q6 2.555 
.2438 .0891 .1344 2.736 
.3312 .0995 .1472 3.330 
.3816 .1047 .1582 3,645 
.3408 .1188 .1789 2.1170 
.3816 .1047 .1582 3,645 
.2829 .1489 .2364 1 .900 
.1758 .1255 .21 SO 1.401 
.1200 .0953 .1728 1.259 

H &" 
( Hn 

1. 756 , 0 1 3 1 
1,737 .0263 
1,690 ,0358 
1 .638 . 051 :3 
1 .593 .0662 
1 .547 .0841 
1 .514 .0976 
1 .509 .1132 
1.480 .1273 
L 511 .1270 
1 .506 .1270 
1 .511 .1270 
1 .588 .1937 
1.737 .1946 
1 .81 3 .1298 

-- --,- - -.~ 

INNER WALL· 

e b*'" - . 

H H 
<I N) (IN) -

-. -- - - -,,- . ~ .-"-

.0097 ,0173 1 • 346 1,771 
,0193 .0341 1.362- 1.764 
.0245 .0423 \ .460 1.723 - ---

.0320 .0537 1 .605 1 .681· 

.0397 .0657 1.668 1 .655 -- -.- .. ~ - ~ 

.0484 .0791 1.739 1.634 

.0553 .0901 1 ,765 1.6?9 

.0628 .1018 -. .80l 1,621 - -

.0732 ; 1193 1.739 1.630 

.0710 .1150 1.790 1 .620 

.0710 .1150 1 .790 1 .620 

.0710 .1150 1.790 1.620 

.1049 .1689 1 . il/.S 1 .609 

.1221 .2039 1 .594 1 .671 

.()982 .1750 1 .322 1 .782 

I 
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", 

I .. 
TABLE A.7.26 CONSTANT CORE DIAMETER ANNULAR DIFFUSER 

NON-DIMENSIONAL LENGTH (LlIlR.' = 15.00 . 
.. . 

eNTRV LENGTH(L/D)~ 2.0 HVDRAUlIC DIAMETERS 
'. e hi ..... . 

AREA RATIO(AR)=2.000 B l 0 C K AGe ( 9,) .. 0: 027 . .... . .. 

INLET RADIUS RATIO=0.R33 INUH REvNOLDSNO. (UI)~-1)i.171265 .. 

NATURALLY DEVeLOpeD INLeT CONDITIONS 

X X/N U u/U Q 0<. (3 OUTER WALL INNeR WALL 
.. . .. - . - -. ........ 3 

( liD .. FT/SEC .. FT/sec Re Re 
.. . .. I J: 147 '0.62.9 165.17 .973 38.570 1.019 1. 007 869.1 857.3 

0"300 0.060 167,07 .948 40.217 1.040 1.015 16B.Q 1719.7 .. .. - . _. 
0'750 0.150 150,30 .930 38.419 1.062 1.024 2088.8 1965.4 
1 :350 0.270 14L 17 .905 38.787 1.097 1.037 2700.9 2404.2 
1 :950 0.390 133.96 .880 39.226 1.138 1.053 3271.2 2834.9 
2 ~550 \).510 129.34 .345 39.604 1.206 1.080 3963.9 3H3.8 . 
3: 150 0.630 125.09 .810 39.732 1.279 1.107' 4865.6 ~686.8 
3750 0.750 122.90 .774 40.191 1.351 " 136 5833.8 4114.8 
<282 0.856 119.93 .721 38.943 1.511 1.193 6355.6 4675.4 
I, 813 0.963 118.99 .703 40.006 1.586 1.224 6637.9 4499.3 
4 '8"13 0.963 117.66 .729 40.994 1.458 1.171 7444.2 1.448.9 
4 :813 0.963 118.61 ,703 39.879 1.586 1.22.4 6616.7 4485.0 
8.750 1.750 .104.78 .738 37.582 1.21\3 , .099 8310.7 51lSS.6 

12' 500 2.500 95.91 .1104 37.459 1.112 , .039 6411 . .., 6;>37.4 
16:250 3.250 91 ,1)9 .8611 38.336 1. 045 1. 016 4626.6 4766.8 
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FiGURE A.7.21 

DETERMINATION OF SKIN FRICTION CqEFFICIENT AFTER 

CLAUSER(15) [1t.R
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FIGURE A.7.22 
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DIFFUSER PERFORA~NCE OVER A 1L~GE OF 

NATURALLY DEVELOPED INLET VELOCITY PROFILES 



----------

FIGURE A.S.1 

DIFFUSER EXIT VELOCITY PROFILES -Llt.R,=10.o,7.5,5.0 
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0:400 ;600 .931l " " ,00125 ,06? : 0568 1 .60il 0;000 ' .000 ,000 ': 00000 ,000 :0000 0,000 
0: 1.25 :575 .• 946 .00125 , Ol'i 1 .0563 1. 593 0,000 ,000 ,000 ':00000 ,000 :0000 0,000 
0:450 :5:;0 .952 .00123 ,060 .0702 2.005 0:000 ,Ovo ,r-oa :00000 ,000 :nnoo 0,000 
0:475 :525. .959 .. ., ., .00118 ,059 :076il :!.234 0:000 .000 ,ClOO ': 00000 ,000 :0000 0,000 

.0:<;00 :soo ' .966 ,00109 ,. ,057 .01l20 2.482 0,000 .000 . ,000 ~. 00000 ,000 :0000 0,000 



TAinE A.9.3 CONT ~_ -.- . 

. - ._-- - -
- -

OUTER ~IA L L 
)v..,lol - - JlHJE~'v~·LL Ji'/ 

~~R . '<"'RI lA -- u'.r I e e R .. ~, R .. R i - ~ -~ Q 

U ~~ &: - , 
lJ~ IT -V -( 'N) R-R' tJ ---- --

lI>- lJ Cl N' R .. R' lJ lJ s~ i 2.-'1:> o I ,.", l·O o I '2~t> , .... 
0:<;25 _: 4i'5 .972 __ .00096 .056 '; 0I!53 2.756 0:000 .000 .O()O _ -:00000 .000 :0000 0.000 
0:<;50_ :450 ,979 .00072 .05/; . oi'3~ 2.926 0:000 .000 .000 _ ~'oOooo .000 -~ 0000 0.000 
0:,,7'5 : 425 _ .984 _.00050 .052 '.0704 3.155 0;000 .000 .000 ':00000 .000 :0000 0.000 
0:,,00 :400 _ .9<)0 .00033 .049 :0655 3.623 0:000 .000 .000 ':00000 .000 :0000 (\.000 
0:625 :375 .995 .00017 .04(, .0572 4.434 0.000 .000 __ .000 ': 00000 .000 :0000 0.000 

~~VNOt'oS STREsS rNTgGRAL(J)~~OOO67764IN IIEVNOLPs ST~FSS iNTEGRAL(J)· ':000145721 N 

"g~IP"TIOiJ r NiF.G RA l(lZ) = O.OOO<S6:? DISSIPATION i NT~I!RA Lc~)" 0.000821 
2 2 



HflLE A.9.4 ~~~_~CONSTANT CORE DIAMETF.R ANNULA~ DIFFUSER 

( [lA R,l=-' 5. 0 o~ ( L.{ Oh,) = 9, 5 ( A P ) = 2 . 000 INLET REVNOLPS NO.(.£V,Y)=160521.0 
.. .. .... 1/ 

STN. X=, C.300 1</N=0.1)60 GReeN POSTTION(2) Ho=1.380 
2·p 

.y If''''''' - If 

£.=.073$ S;=.OS10 .U=164.39FT/SeC 
.1-'D 2-]) 

Hi =1.380 
'-1:> 

INL~ICONDITIONS ARTIFICIALLY GFN~RATED BV STEp BLOCKAGE AT(L/~)=7.n~YDRAULIC DIAMETERS 
5 eo 

.~----~--~ 1----------------------.----------------------; .. --.--~ 
~ . 

·OlITER lJALI. 
Il,,"'R R-R i ~ 
( iN) . KO'R i 1.1 

O. Il? 5 ~ .. 97 6 ~ __ .• 580 ~~ ..• 00053. 090 
0.(150 .. 953 .716._ .00065 .081 
vJI75 _ .929~.765 .Ou062 .076 
O.~00 .9as .• 800 .00059 .073 
\: • ') ? 5 .381. 8?7 • 00057 . 071 
\1.150. _.8511 ._~ .• 849 _. 0(J05S ... 0<'>9 
,j.175 _ .334 _ ..• 865 .OOf)S6 .067 
O.2I)O.~.8111 .879.~ .000511 .• 01\5 
O.:!?5.?1I6 .891 ._~ .• 00060 .063 
0.750 .76].901 .00062 .062 
1/.?7S .739 .911 .O\J063 .0,,0 
oj.1f!Q .• 715 .920 ~.~ ..• 00062 .. 059 
l,.:{25~.691 .• 929~~.~_ ... 00061 .058 
o • :~ 5 o .. 668 ~ ~ • <) 3 5 _ ~. 0 (! I) 61. 0 56 
i!. :,75 .... • 61.4 .9/.2 .00053 .055 
0.1.00.62,; .949 .. 00I)S6 .054 
0.425 .596 .954 .00054 .053 
0.450 .573 ..• 961. ..• 00052 .OS1 
il .• 4?5 ,549 .~.967 .• 00048 .. 050 

.OOO? 0.f)29 

.00330.131 

.00'>2 0.210 

.006? O.2?5 

.OOA5 0355 

.0'10l) G.426 

.0120 0~5()9 
.. ()15A 0 .. 656 

.0182 0 7 40 

.()209 O~845 

.0230 0.920 
• 0255~~1.020· 
. 0270 .. ~ ~ 1.090 
. 0263 1 150 
.1)2961.230, 
.03061.290 
.0315 1.351 
.0339 1.487 

.. 0358 1.635 

R .. R,' 
<x N) 

0.025 
0.05() 
0.07S 
0.100 
0.12S ~ 
0.150 
0.175 
0.200 
0.225 
0.250 
0.275 
0.300 
0.3;>5 
O.3~0 
0.000 
0.000 
0.000 
0.000 
0.000 

, 
~ 

-- .-. 
R~Ri -"'-
R~R' 
o 1 lJ 

.024 · .637 
_.04'7 · .71 5 

.071 . .762 

.095 __ 8()n 

.119 .834 

.142. .863 

.166 .392 
• '190 .. 916 
.214 .93A 
.23'7 .9511 

.. 261 .973 
.285 .9114 

.. 309 ..... 993. 
... 332 ..• 998 

./lOQ .000 

.000 · . () 0 0 

.000 .000 

.000 . (100 
.• 000 .000 

INNER WALL 
.~ ~ ~ .. "' _. ~ 

&!' ~I 'lA'). E e. 
lJi 

.. 

u ~;: £'" II .. I Z -'P 

.00133 .093 .0069 0.190 "" .-
.. 00129 .083 .0112 0.313 

.00127 .078 ~.O152 0.426 . -- -

.00122 .. __ • 074 _._~. 0164 .. 0.471 - . . 

.00114 ... - .072 .017 0 O. 50 5 

.00103 .069 .0168 0.525 - .--

.OOOQO .. 066 .01 59 0.57.9 
~ - - . 

.00076 .060 .0156 0.568 .. -_. 

.00061 ,056 . 0151 0.610 

.00046 .052 .. 0129 0.601 

. nOov, .049 .0127 0.671 

.0007.5 .046 .01111 . 0.753 

.00015 .045 ~ .. 0111 0.1112 - . --- -" 

.00003 . ,047 .0054 o • '} 49 . 

.1)0000 - .000 .uooo 0.000 

.00Oo\) .0 iJ 0 .O()OO 0.000 

.00000 .000 .0000 0.000 

.00000 . . 000 .0000 0.000 
.~ .00000 .000 .0000 0.000 _ .. _ .. 

~ ___ ~ __ .. -L--______ ~---~------L.--------------------I 

.- ~--- -.. 
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T AllLE. A9.4 CONT. 

ollTER t~ALL q 
. _"IA_' .. 

l) 

- - ."" . -~... '-.-"._._.'-

(i, 500 .• 525_ .973 ___ .00045 ..• 01.9 
~', <;25 _. 501.98() .. ~ .• 00041 .048 
(i .• 550 .41'8 ...• 9116 ....• 00037 .047. 
'),575 ...• 454 ..• 991 .• O(J()33.046 
Ii, ';(lO. 430 .• 996 ...• 00026 .045 
0.625 .. ,406 ...• 999 .. _ .• 0(1017 ....... 045 

... 0393 
.()430 
.()485 
.0578 . 
.0684 

.. 0901. 

1.850 
2.119 
i!.S17 
3.172 
4.226 
6.861 

0.000 
0.000 
v.Ooo 
0.000 
0.000 
0.000 

' ..• 000 
.0(\0 

.• (/00 
• (lOt) 

.000. 

.000 

.. 000. .00000 .000 .... 0000 .0.000 
..• 000 .00000 .• lhiO .• GOtlO 0.000 
.' (lOCI .. 00000 .000 ... 0000 0.000 
.• 000 .... 00000 . .• (1)0.0000 0.000 
.• ClOO .00000 .000 .0000 ().OOO 

. . • uDO .00000 ..• 000 .• 0000 0.000 

Rf;Yi.OI'DS ~;RESSINTF.GRAUJ)= ',OQ197093!N iH'VNOLDS STRFSSrNTF.GRAL(J)~ ',00138423tN 

.. I)ISSIPATIONIl'iTEGRAUB): 0.000387 '. DISSIPATION 1!4TFGRAUj0= 0.000690. 
2 2 L-______ --.;.. __ --"-__________ .l.--___ --'-______ ~ _______ ~ .... _. __ ....... .. 
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l'ABLE A.9.5 CONSTANT COR~ nIAMETeR ANNULA~ DIFFUSER 

(Ul,,2.000 INLeT REYNOLPS NO. (1l"k'Y)=1605.21.0 

G R e et< POs I Tt ON(2) H. :: 1 • 444 
2-D 

H;=1.519 
. *' If .. * ' ,,- . »0:: .. 0999 ~; =.0738 u=150. oaFT /SEC 

2-" 2-D ~_~ 

Hil.ET CONDrTlOfl5 AI{TInCIALLY GENERAHD BV sTEP BLOCKAGE ATCL/f\>=7.0HYDRAULlC DIAMETF.~S , . 

.. _ OUTER 14ALL 
.E.:.B.... . JL 
R-R - \l o 1·-

)-V/"i ~. 

1I 

Q. n25 .978_.455 ...• OU()S5 .1.:9 .• 00011 
0;,,50 ..• 956 .5Bil ... • 00075 __ .111 .001B 

,(I.n7S .934 .672 .(l0075 ,102 .con 
i).Hle .912 .7'.6.'J()062 .089 .0035 
().~25.89i) .76:5_.{\OOS9 .OIl2.0046 
(1,150 .• 867 .• 7n .. _ .... 00058_ • On. 0053 
11.175 ...• 845 .• 814 _ ...• 00056 .074 .0069 
0.200 .823 ...• 832 .....• 00052.071 .OO?4 
0.~25 ... 301 .847 .no051. ,069 .00R9 
0.250 .. 779 .861. .00051 ,066 .0092 
\1,;>75 .757· .874 .OO()49 ,01>5 .0102 
.). ';QC, .735 .• 384 ...• Qu04S .063 .• 010-\ 
o • :~ 2 5 ., 71 3 ..• 8" 5 . __ ... _. \1 () 044.. . 062 .• 01 04. 
0.:_5Q,60, ..• 9-}6 ...• 00042 .O";I.0'1~0. 
O.~75 _ .. 669 .914 ,00042 .058 .0119 
O.4nc .647 ,~23 .00041 .056 .0118 
(),f.25 .625 .93~ .0004.? .054 ,0132 
0.450, .602 .• 940 _ .• 00039 ,053 .0131. 
'J. 1.7 S. • 5 B il ..• <} 48. 00039. .052 .. 01:3 0 

. 

0.n36 
0.066 
0.103 
O. , '.2 
0,192 
0.241 
0,294 
0.326 
0.394 
0.410 
n,463 
0.474 
0. 497 
(l • ~ 3.5' 

O.5B4 
0.582 
0.(\41 
0.(\62 
0.658 

INNER WALL 
-u'-...... J ~r"t ... u'-····· u .. 

O.O?S .022 .487 .. 00146 .101 ... 0038 
0.050 .044 .590 .. 00143 .09-. .0060 
0.075 .066 .6(,0. ,00134 .086 .01)74 
0.100 .088 _.71~ .00124 .0112 .00R2 
0.125.110 ... 763 _.00117 .078 • (l()91 
0.150 .133 .. ,H04 .00113· .074 .0102 
0.175 .. 155 .. 841) ,OOH8 .072_.0HS 
o.zoo .177 .. 1171 .00101.069 .• 0114 
0.225 .'99 .897 .0001l!! .066. ,0 118 
0.250 .22, ,920 .00075 .. ,065.0120 
0.275 .243 .. 940 .00059 .062 .O"H 
0.300 ,265 .. 956 .00044 .060 .on98 
O. 325 , . 2 S 7 .971 . nO 0 31 , ,0 57 . 0087 
0.350 .• 309 .9R1 .00021 .054 .0075 
0.375 ,331 .9~1! .00014 .051 .on73 
0.400 .353. ,995 ,00008 .04ll .011113· 
0.425 .375 ,999 ,00001 .047 .on7, 
0.000 .000 . • 000 .00000 .000 .onoo 
0.000 .000 .000 .00000 .. 000 ... 00(1) 

e 
"" l)'2_,,_ 

0.099 .. _., 
0.158 
O.Z03 
(i.it33 
0.266 
0.303 ._ 
0.329 
O.3S8 
O. 400 
0.437 
0.454 
0.470 
0.492 
0.525 
0.624 
O.den 
2.169 
(l.OOO 

. ,1.000 . 

_.1 

.-.- I 

.. I 

. ._-- 1 

I 

, , 
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TAR L E A.9.5... r. () N T • 

ouTER WALL 
J~).". 

u 
..... -

i! .~ 00 ...• 558 .• 955._ .• 00037 ..... 051 
O.S25 .. 536 . _ .963.- .• O()O34 .05' 
').550 .. .... 514 ..• 969 ....• (J0031 .. 051 
.0.,>75 .. _4"'2 .....• 977 •...• I) \i 0 27 .... 05 2 
,I ~600 .. _ ..• 470 ;Q1l3 .. _ ..• 00024 .052 
0.625 _ ...• 44R ...... 989 ._.00019. ... 052 

.0130 
,0'>36 
, () 144 
,0'50 

.. 0168 
.,01 n 

\).650._ .• 42,,_ .. 993 .........• 00013 . . 052 ..0184 
0.i,75 .. .404 .• 997 ·0 ;;0009 .053 .0243. 
.0.70.0. :582 . .• 999 _.00002 .053 .(luOO_ 

0.674 
.1.739 
0.fl20 
O. Q 1 8 
1 .084 

.1.287 
1,1\06 
2.607 
n.ooo 

. R.R; .. R-R i .. ..Q. 

( IN). . Rc· Ri· .. -. U 
- . _ ... -

O.tlOO .• 000 .. tlO 0 
0.01'10 _.000 .• () 0 0 
0.000 .000 ... ,) 0 () 
Q.OOO ... .000 .• uOO 
0.000._.000. ,ono 
0.000._.000 .000 . 
0.000 _.000 .... 000 
0.000 .. . 000 .• (lOO 
0.000. .00iL. 0(100 

I. N N e R WALL g ._...... _ - -, e ..... ,,'.t"..... u' .... _·. I': 
-U" -. ~ - .. -

.. U .. IJ "',.» Si,_> 

... _ 00000 . .000 ..• 0000 0.000 
.00000 .. 000 ...• 0000 O.tJOO 
.00000 . ono .. ' onoo 0.000 

..00000 .. • (JOO _ ... 0(100. 0.000 
.... 00000 .. • OOO .• OOOG . 0.000 
... 00000 • OOOe .... 00(1) .. 0.000 
... 00000 .000.0.)00 .0.000 

.00000 .000 .-00000 O.OOv-
... 00000,. .000. ___ .0 (lOO, 0.000 

~FVHOI.ns RTRERSINTEGRAL(J)= .00272530IN REVNOLDs STRESS INTEBRALeJl= .n01997091N 

!lIS~lPATTOll tNTEGRAU\t,= 0.000426 DISSIPATION INTFGRALO,)= O.OO1)·'~1l 

1 

.••.. - ... _..... . 1 

1 

1 .. -I 

... _._. 1 

.... " __ .... . .. _. 1 

. 1 
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1 
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. 1 

T 2 ._ ........ __ .'--_________ --=-_________ ..1...-__________ -=--________ ...1 . ... _ .. - .. . 
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TA R I. E A.9.6 CONSTANT CORE DIAMETER ANNULA~ DIFFUSER 

(clAR,):' 5.00 (L,lDh,l= 9,5 (AR) .. 2.000 (B,)=0.117 INLET ReV"IOLDS NO. ("DI!,n=1cSOS21 ,0 

SH,·'X .. ,1.350"- X/N=o.270 GReEN POSJiION(2) 
.. .. 't- If . *' . ,. . 

H;=1.564 ~o".1337 b;=.01l90 U=H3.79FT/sEC 
Z~b l_~ 

1 NI' ETi:OND I T I OtJ ~ ART H I Cl ALLY GF.NF.R ATED BV ~TE P GLOCKAG e Are LJ Il~ =7'. OHYDRA ULl C D I AMETER!i , 

ollHR WALL 

O.(l?,5 .9arl .. 379 .• 00195 .140,0036 0.081 
(j. 1l7:>_. 939 ...• 535 ..... _ ..• 00287 .149.0072 0.135 
0.'12S.8QQ .670.001 91.128 .OO?() (1.159 
0.',75.1\59.7 47._ .• 00133 .b7.0D!!3 0.227 
0.225 ,1\18.797_ .• 00104 .092 .. 0101 0.315 
0.;'75_ .. 778 .• 831 __ .• 00087 .0131 .. 0104,).352 

.0.:':2!l.737.859 .O()079 .. 075 .0111 0.396 
Q;,75 .697 ... 882 .00075 .071 .0125 0.457 

.0,425 .657 .903 .00074 .Ou7 .0138 0.508 
0.473 ,616 .922 .00066 .064 .0141 0.;49 
O.'i?5 .5i'6 .9/.0 ..• 01)059 .061 .0138 0.570 
G.~75 .536 .• 956 __ .00052 ..• 059 .. 0138 0.605 

.0.625 _,495 .... 969 .....• 00042 ..• 0.')6 .0144 0.701 
.0.1\75_ .• 455 ...• 91\0 .. _ ..• 01,,031 .• 054 .. 0146 .. 0.836 
o .725 _.41 4. 9119 ..... : .• 0001 7. • 051 . 0135 ..1 • 040 
0.775.374 .997 .Ouooo .052 .POOO 0.000 
Q,nOO .• 000 .000 .00000.000 .0000 0.000 

Rr,VI~n'IlS STRE~S INTEGRAL(J)" .00521228IN 

D!S"IPATtON-lNTEGRAL(~)= 0.001229 
2 

INNER WALL 
R R R R 

. '. -:= ru?-
.. ;. ~\-----. .J!;;. ~ -,~""" ~-.- .•. -

Cl N) R; R i.- lJ U" U 

0.0'5 .. 020 .464 .00152 .1n1.0n44 0.114 
0.050._.040 .542 .00157 .1()4 ... 0065 0.165 
0.075.061 ... 602 .00163 .102 .onR1 0:200 
0.100 ..• 081 .• 658 _ .• 00173 ..• 096.01)91 .0.218 
0.175 .• 101 ... 708 .00170 .090 ,0110.0.267 
0.150 .121.750 .• 00168 .O!l6 .01~4 0.279' ... _ 
0.175 .141 .7R9 .00150 .OR1 .... 0114 0.293 _ 
0.200 .• 162 .8?2 .00126 .077 .0113 0.319 
0.2'5 .182 ... R~4 .00111 .073 .0109 0.327 
0.250 .202 .. 1180 .• 00098 .. 069' ;0105 0.334 
0.275 .222 .• 907 .• 00086 .. 065 .0096 0.329 
0.300.242 .930 .00014 .062 .0002 0.340 
0.325 .• 263 .950 .OOli60 .059 ,0099 .. 0.404 
0.350.283 .. 966 .. 00047 .056 .0094- 0.434 
0.375 ..• 303.978 ...• 00038.054 .0102 .. 0.521 ... 
O. 4nO .. 323 .9A7 .. 00027 .... 052 .. 0108 0.658 
Q.425 .343 .993~_.n0014 .~50 .. 0"5 0.958 

REYNOLDS STRF!iS fNTEGRALCJ)= .00193477IN 

DISSIPATION !NTFGRAl(~)= 0.000899 
2 
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TAillE. A9.7 CONSTANT CORE DIAMETER ANNULAR DIFFUSER 

--- ". -
( [" i L\ R.) ,:; 5 • 00___ ( L / Do ) = 9. 5 ( A R ) = 2 • 000 

. e "I 
(B,,=0.117 INLET REV"OLDS .NO. (i:i1\'-v)=160521. O. 

ST~~:X~,1.9r;0"xiN=O;390 GREEN POSTrrON~21 Ho =1.732 H,=1.S83· £:= .. 1754"£[=.0989" U=136-.99FT/SEC 
],1>' z,-",!> 2..-):> 2r:p 

I N I. E T r. 0 N D I T ION S A R Tl FIe 1 ALL V G EN lE R A re D B V S rE P B L 0 C K A G I' AT ( Lj OK, =? . n H v D R A U Ll C DJ A METE R S 
-- ---- ... 1-------------------.-----_._----------.....;..--, 

.OllTER WALL 
J;;J • Q .. R"R .... R-R i·· ~ lA \ \I" I ~ ... C 

( T N) .. _" R~R' 11 -"' _._-- -- IJ~ fJ liS" s: 
o I DJ. .1> 1.~ 

.---
0.025 .9!l 1 _ ...• 2n6._ .....• 00100 .. _.151 .. . (1041 O.12fl 
o . (,75 . 944 ..... 394. ___ ... 00222 .149 .0()46 0.098 
,j. 1 25 .907 .526 .. __ ._.00:;32 .156 .0Oi'S 0.130 
O. '175 .870 .. 61.5 -_. • ')039 t\ .154 .. 011 0 0.175 
0.;>25 .1133. '126 __ .00301, .17.7 . 01 41 0.257 
0.:>75 _ .• 79<; .77'/ .%214 . 1 (j 4 ..• (1150 O. 129 

fJ • ~? 5 .. .• 7 ~ 1\ ... _ .• g 1 6 .. _. • 001 6 C ~Og~ .()130 (),326 
() • ',? 5 .'_. 721 '-- , R4 7 -. • Cl 0 1 ;: 3 ,<li\2 .0121 11,345 
0,1.25. ... 684 ._.874 .00101 .077 .o1()9 ~.344 
0:475 .647 .897 .... _.()(iM7 .Q74 .0116 .0,39"> 
(,.<;;>5 .609 ._.916 _ .00076 ... 070 .010-' 
.J.~75 .572 .935 ....• %064 .067 .0109 
0.625 - .• 535 _ .... 951_ .OG057 . . 064 .01.13 
0.675 .. .4°8.966 .. _ .• 00047 ... . 061 _ ... 0107 

. 0.:'7.5 - .461 _ .. 977 ._.OOIJ3';. .059 . .0111 
0;775 .423 .987. .• 00025 .060 . O'i24 
(,.825 • 3S6 .995 ... ,00008 .064 .0100 

_ G. ;100 .'_' GGo._ • ono .• 00000 .O:! 0 ... 0000 
V:i)OO. .•. 000 .• (,0(; . ..• 00000 • O,,() .0000 

Rr,Yi'iOI,f)S STREsS-INTEGRAL<J): ,OO?B46441N 

nIS~IPAT!ON INTEGRAL(~)= 0.001692 
2 

0.390 
0.434 
0.431 
0.493 
0.589 
0.785 
1 .094 
0,000 
0.000 

INNeR WAL I. -_. -

W R- R i R-R i u. I,,\\r' -,,-_ .... ..£. .. ~ 
(IN) R-R· IJ U"" 11 lJ,; t bi~ o . , 

0.025 · .019 .454 .00144 .HQ .. 0040 0.106 
0.050 .()37 .524 .00'94 .... 118 .0082 .. 0.185 
0.075 .056 ._ ... 573 . . 00229 . ..... 120 . ... 0124 0.258 
0.100 .074 .620. .00246 .1 20 .. \l131 0.264 
0.125 .093 .668 .- .00248 ... 117 .. on1 0.263 
0.150 _ .. 112 ... -'12 .00222 .110 .O~40 0.298 
0.175 · .130 ... 753 .00196 .1nl. .0122 <l.275 
O. 2A\ 0 ,149 . ... ,Q 1 .OO~6Q_.097 .()122 () . 297 
0.2'5 .167 ,8~6 .00146 .091. .0'1 4 0.298 
0.250' .. 186 ... ,857 .. {)OB4 .• 01\5 .0113 0.308 
0.275 ... 205 .. 8116 .00124. .081 .. .0117 0.332 
0,300 · .223 , " , , .00"7 . • 076 .0125 0.365 
O.3?5 • 242 .. 933 .• 00105 . on .. 01 27 o . 393 . 
0.350 .260 .950 .00094 .069 ... 0158 0.516 
0.375 ,279 .9/\ 5 .000111 • OM .01/\8 .. 0.592 
0.400 · .298 . .977 .00066 ,0/\2. .01111 0.705 
O.4~S .316 .988 .00050 .060 • ()200 .0.893 
0.450 .335 .994 .00028 .058 .0203 1.218 
0,475 .• 353. .990 .00008 .057 .0418 4.577 

REVNOLDS STRFSS INTEGRAL(J)= .003245271N 

DISSIPATION INT~GRAl(~)= O.0010B1 
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APPENDIX 11 

MOMEN'l'UM INTEGRAL EQUATION BAIANCE 

) 



Momentum Integral Equation Balance 

The momentum integral e~uation, derived in Appendix 4, is written as 

follows for the inner and outer walls respectively: 

8. dR. 
J. J. 

+ R.h 
J. 

dao ao dU 
- + -- (H + 2) dx U dx 0 

J
R

O 

Rc 

a -2 -2 2 dPe - (u l +v' -v' )dR +--8x S dx 

a -2 -2-2 
- (u l +v' -v, )dR 8x b 

Thes,e equations were used to check the experimental data for three-

dimensional effects by comparing the two sides, of each equation evaluated 

from the measured data. 

For flow with a potential core in the straight-core annular diffuser 

geometry we have the following 

v, = 0 o 

Thus the inner walL equation reduces to: 

dei \ 8i dU 1 JR e 8 2 2 
- = - - - - (H. -(, 2) -(, - , -'x (U' - Vr )dR dx pu2 U dx J. ,; a 

R. " 
J. 

and similarly for the outer wall: 

dR JR 80 0 1 0 a -2 
+2)----+- -(u' 

R dX.2 a x 
o U- R 

o 
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-2 
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i.e. 

Where it was necessary to measure gra,hents the experimental data 

U, 6. etc. was plotted against the axial dis~tance down the diffuser 
~ 

and the slopes read off at the necesaary stations by drawing tangents to 

the curve. Great care was taken to obtain the true tangent in each case, 

each tangent being measured several times and the mean value taken. Thus 

each side of e'l.uations A.11.1 and A.11:.2 was evaluated and the comparisons 

are shown in Figs. A.11.1 + A.11.6. 

Comparison is also made for the spoiler generated inflow in Figs. 
dPl) 

A.1t. 7 and A.11.8 where in this cas e the values of dX and v.5. are significant. 
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FIGURE A.11.5 
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