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SUMMARY 

Low speed tests have been carried out on a branched 

diffuser, geometrically similar to that employed in some 

gas turbine combustion systems. The fully annular test rig 

consisted of a straight walled, axisymmetric pre-diffuser, 

exhausting into a sudden expansion, the flow then being 

divided into two separate streams by a bluff body simulating 

the combustion chamber situated on the same centre-line as 

the pre-diffuser. The overall area ratio was maintained at 

2.0, and tests vJere conducted with fully developed entry 

flo\~ for a range of pre-diffusers of 120 included angle, the 

design value of the ratio of mass flows in the inner and 

outer annuli surrounding the flame tube being fixed at 1.2. 

Further tests were conducted using a single pre-diffuser, a 

distorted entry velocity profile, and a design flow division 

around the flame tube of 2.15. 

The influence of variation of.the division of flow 

around the bluff body, and the axial location of the bluff 

body, vJere investigated at each of the conditions. cited above. 

The performance in terms of total pressure loss and static 

pressure recovery was evaluated for the system as a whole, 

and for the regions between measurement stations. 

It was found that optimum performance both overall, and 

for the pre-diffuser alone, occurred at a flow division close 

to the design value of 1.20, and corresponded to a symmetric 

pre-diffuser outlet velocity and static pressure distribution. 

By bringing the bluff body closer to the pre-diffuser, 

at a flO\~ division close to the design value, it was found 

that considerable improvement of pre-diffuser pressure 
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recovery and outlet flow uniformity was achieved. However, 

when the distance between bluff body and pre-diffuser was 

small, considerable loss and pre-diffuser outlet flow dis

tortion resulted at off design conditions. 

Increase of pre-diffuser area ratio had the effect of 

increasing loss within the pre-diffuser, but reducing loss 

downstream. For each flow split and bluff body location, 

an optimum pre-diffuser area ratio existed. 

In view of the increase of turbulence associated with 

distortion of the entry profile, it was not possible to 

isolate the influence of velocity profile distortion alone. 

However, the overall effect was to increase loss at all 

operating conditions. 

The results of this investigation, and earlier work, 

emphasize the need to match the system geometry and design 

flow division. 
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SECTION 1 INTRODUCTION 

1.1 THE CHARACTERISTICS OF A DIFFUSER 

A diffuser is basically a duct, the cross-sectional 

area of which increases in the direction of flow. In the 

absence of transfer of fluid across the duct walls, the mean 

velocity of the flow must decrease, this generally being 

accompanied by a rise of static pressure. Hence, a diffuser 

may be classed as a device which converts kinetic into 

potential energy. 

In the adverse pressure grudient through a diffuser, 

boundary layers will tend to grow. In some cases, this can 

lead to separation, which is normally undesirable for the 

following reasons, although devices such as vortex generators 

or boundary layer bleed may be used to minimise this effect. 

(i) The increased total pressure loss associated with 

separation. 

(ii) The point at which separation occurs is often 

unpredictable, and furthermore unstable. The 

resultant velocity and pressure fluctuations can 

have serious adverse effects on adjacent compo

nents. 

(iii) The static pressure rise is reduced, since the 

main flow does not occupy the whole of the duct, 

so decreusing the effective area ratio of the 

diffuser. 

Even in the absence of separation, the boundary layer 

growth is normally undesirable, since it produces a velocity 

profile ,which has an increase of axial non-uniformity, and 
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since this has a greater kinetic energy than that of a uni

form profile, the effect is to reduce the amount of diffusion 

possible. 

1.2 THE CLASSIFICATION OF DIFFUSERS 

In order to fully describe a diffusing system, it is 

necessary to define: 

(i) The basic type (two-dimensional, conical, 

annular) 

(H) 

(iii) 

The wall'shape (straight or contoured) 

The dimensions 

Within the scope of this work only straight walled 

annular diffusers are considered. The following parameters 

have been found useful in classi:fying this type: 
1 

" 

----. . -
___ a 

~=-==--..::-~----l:E------b 
~- .j - -

RI 
RIo 

Rli 

(U The ratio of inlet annulus height to mean radius 
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(ii) The ratio of inlet annulus height to mean length 

L/hl 

(Hi) The inclination, ~ , of the entry axis (a-b) to 

the diffuser axis (a-a) 

(iv) The diffuser included angle 20 

Hence four geometric variables are necessary to fully 

define a straight walled annular diffuser. 

It is often useful to know both the rate and amount 

of diffusion being attempted. The former can be expressed 

as the geometric area ratio of the system 

AR = x sin E.] 

reducing to AR = ~+2 tan ~ for non-inclined diffusers 

( E =0) 

The overall rate of diffusion is generally expressed 

in terms of the amount of diffusion being attempted per unit 

length, which can be written non-dimensionally as: 

h 
= 2 tan 0 + (_1) sinE. tan 0 sin € 

Rl 

or for non-inclined systems, = 2 tan 0 

1.3 THE USE OF DIFFUSERS IN GAS TURBINE COMBUSTION 

SYSTEMS 

.' 

Typically, air from a gas turbine compressor emerges 

at a Mach Number of about 0.3. Since kerosene fuel has a 

low flame speed, a certain proportion of the flow must be 
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diffused before stable combustion can be attempted. Two 

typical system used to achieve this are shown in Figure 1.3.1. 

Typically, having passed through the pre-diffuser, 

18% of the air enters the primary zone prior to which, suit-

able amounts of mixing and swirl are introduced, which sets 

up the desired turbulent, low velocity flow conditions 

necessary to promote stable combustion. A further 10% enters 

through the flame tube walls to complete the combustion pro-

cess in the secondary zone, the remaining air being used for 

diluting the combustion products, and cooling the chamber 

walls. However, the current trend, with the requirement for 

low pollution engines, is to increase the percentage of flow 

entering directly into the primary zone, in an attempt to 

ensure complete combustion. This has only been made possible 

by the introduction of more sophisticated wall cooling tech

niques, \1hich ensure that the flame tube temperature is kept 

within permitted limits, despite the reduction of air avail

able for this purpose. 

The combustion and cooling processes must be effective 

over the whole operating range of the engine, or phenomena 

such as 'hot spots', and incomplete combustion may occur, 

giving rise to inefficiency, pollution, a poor turbine 

entry temperature distribution, and even mechanical damage. 

Hence the system must operate in a predictable, stable and 

uniform manner at all engine running conditions. 

One of the major sources of flow non-uniformity is 

separation, since it will introduce instability, and circum-

ferential flow non-uniformity, the latter in view of the 

uncertainty of the location of separation inception. l'his 
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is a particular problem with the faired system, since bound-

ary layers are encouraged to grow on both combustion chamber 

and splitter walls due to the adverse pressure gradient cre-
I 

ated by the diffusion process. Furthermore, the pressure 

gradient developed as a result of turning the flow induces 

the boundary layer on one wall to grow even more rapidly. 

Separation can normally be avoided by making a system of 

sufficient length, but this is often undesirable, particu

. larly in aircraft applications, in view of the need to keep 

engine weight, and length to a minimum. 

The dump system is an attempt to create a short, 

stable system by fixing the separation at an abrupt expan-

sion, and replacing the splitter plates with a blunt nosed 

head. Since the flow is now split by this blunt body, this 

system is less sensitive to a change of floVJ division around 

the head than the faired system, the splitter plates of which 

must operate at incidence when the division of flow is other 

than the design value. 

In modern, high by-pass ratio gas turbines, the air-

flow through the gas generator is often quite low, and the 

size of the combustion system also correspondingly low. 

Small dimensional inaccuracies arising during manufacture, 

or distortion in operation can therefore have a significant 

effect on the flow within the combustion system. This is a 

particular problem with the faired system in which three 

small area ducts exist downstream of the pre-diffuser, this 

being replaced by a far greater area in the sudden expansion 

of the dump system. 

Further features relating to the operation of a dump 
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diffuser are discussed in Section 1.6. 

1.4 PERFORMANCE EVALUATION 

In any diffuser work, it is necessary to have a set 

of parameters which may be evaluated in order to indicate 

how well a system is performing. The most important are: 

(i) The amount of diffusion which has been obtained 

(i.e. the static pressure rise) 

(ii) The total pressure loss incurred 

(iii) The degree of flow non-uniformity, both axially 

and radially, and possibly in addition, circum

ferentially. 

Hence any system of performance presentation must in

clude parameters which give a useful measure of these quant

ities, presented in non-dimensional form. 

1.4.1 AVERAGING METHODS 

In general, the properties of a fluid at any given 

position in a duct will be distributed non-uniformly. Since 

it is usually necessary to calculate overall changes between 

various duct positions, it is necessary to introduce as aver

aging technique which converts the flow into a one-dimensional 

equivalent. Several such methods can be used, and are as 

follows: 

(i) Area weighting 

(ii) Mass derivation 

(iii) Mass weighting 

(iv) Momentum mixed weighting 

) 
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Ideally, the one-dimensional equivalent is required 

to have identical properties to the flow that it represents 

i.e. the same mass, momentum and energy fluxes. Since a 

diffuser is primarily a device for converting energy from 

one form to another, the energy criterion must be satisfied 

as a prime objective, hence ruling out (i) and (ii) above. 

Mass weighting has been chosen for the purposes of this work 

since it is in more common general usage, and is consistent 

with the averaging method suggested by Livesey(14) as being 

the correct one to give meaningful equivalents of non-uniform 

parameters. 

In all following derivations, incompressibility has 

been assumed, justified in view of the fact that the Mach 

number never exceeds about 0.1. 

The mass weighted mean of a parameter X is defined as: 

..... JXmdm X = 1.4.1 

vlithin this system, it is convenient to revert to an 

area weighted mean in the single case of velocity. In this 

case, the area weighted mean of velocity, u, is defined as: 

u = 
A· 

J u dA --A 
1.4.2 

Total mass flow, m, is given by: 

m = 
A f f udA = f /UdA 

substituting from 1.4.2. yields: 

1.4.3 
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noting that dm = f udA, the definition of mass weighted 

mean can be re-written as: 

1.4.2 

'" X = AJ X~dA uA 

MASS WEIGHTED PARAMETERS 

1.4.4 

At this stage, it is convenient to define a parameter 

which gives a measure of the extra energy associated with a 

distorted velocity profile, compared with that of a uniform 

profile of the same mass flow. The kinetic energy flux 

coefficient is useful in this respect, and is defined as: 

0( = 

0( = 

(kinetic energy of flow) 
(kinetic Energy of flow with the same mass flux, 

but uniform velocity profile) 

-2 
2 m u 

= J- 1.4.5 

A momentum coefficient may be defined in a similar way: 

1.4.2.1 DYANMIC HEAD 

The mass weighted mean of dynamic head, q, is given by: 

'" q = 

'. AJ 3 
1. f' -=.u----::d::....:.:.A 
2 U A 

1.4.7 = 

substituting from 1.4.5 



'" q = 

1 
"2 f 0<. A U3 

A U 
I· 
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= 1f -2 0(- u 
2 1.4.8 

Hence, mass weighted mean dynamic head may be found 

directly by integration (1.4.7), or indirectly from the 

kinetic energy flux coefficient, and an area weighted mean 

velocity (1.4.8). 

1.4.2.2 PERFORMANCE PARAMETERS 

SIMPLE DIFFUSERS 

The basic definition of loss and pressure recovery 

coefficients are as follows: 

\1\ 

C p1-2 

= 

= 

1.4.9 

1.4.10 

Writing an energy balance between stations 1 and 2: 

if no fluid is transfered across the duct walls, then 

• '" or- '" '" '" '" • • P1 + q1 = P2 + q2 (p 1 - P2) 

dividing by ql and re-grouping: 

'" '" '" '" '" P1 P2 q2 _ P2 P1 
= 1 - ( ) 

'" '" '" ql q1 ql 
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substituting from 1.4.8, 9, 10: 

for continuity 

also 

• 
• • 

A2 

Al 

~1-2 

= AR
l
_

2 

0(2 
'" 1 -

"<1 

1.4.11 

1 2 '" (AR) - c 1.4.12 
pl-2 

Hence loss coefficient may be found by direct integration 

of total pre~sures (1.4.9), or indirectly from 1.4.12. The 

latter has been found more convenient for the purposes of this 

investigation. 

The ideal pressure recovery may be found from Equation 

1.4.12 by assuming no loss ( Al _ 2 = 0), and a uniform velocity 

profile at 

• 
•• 

station 

v-' 
c pl-2 = 

BRANCHED 

/1/) 

o::J 
W -l/ 
z:J 
ZZ 
- z 

/ / <!. 

2 ( 0<2 = 1.0) 

1 1 1-- (AR ) 0(1 1-2 

DIFFUSERS 

2 
1.4.13 

~ INNER FLOW FIELD 

~ OUTER FLOW FIELD 

- - - - -DIVIDING 
STREAMLINE 
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Two definitions are available to express individual 

flow fluid performance. They differ only in the reference 

dynamic head used to non-dimensionalise the equation, namely 
I 

mean entry or individual flow field entry dynamic head, the 

latter hereafter being called 'split' entry conditions. 

r(ef erencing to mean entry conditions: 

'" '" V" 
PH - P4i ( A1_4 \ = V' 

1.4.14 
q1 

'" '" 
'" P4i - P1' 

(C p1-4\ 
.~ = 

'" q1 
1.4.15 

Referencing to split entry conditions: 

V' V' 

'" P1i - P4i ( f.. 1_ 4 \ = 
V' 

qu 
1.4.16 

VI '" 
"" P4i - PH 

(C 1 4)' = p - ~ '" qu 

1.4.17 

Writing the energy equation for the inner portion of 

the divided flow: 

V" '" "'"' \of' 

m1i (P1i + q1i) = m1i (P4i + q4i) + m1iP1i - m4iP4i 

dividing by putting m4i = m1i , and re-grouping 

'" '" 
= 1 

P 4i PH 
'El1i 

substituting from 1.4.16, 17 

0(4i 

~i 

u 4 • 2 
(-~) 

'" (C 1 4)' p - ~ 

Uu 

14.18 
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(coefficients referred to split entry mass weighted 

mean dynamic head) 

Similarly, using the definitions of 1.4.16, 15, it 

can be shown that: 

u 1 , 2 
(-~) 

u
1 

u 4 , 2 
(-,2:.) '" (C 1 4)' p - ~ 1.4.19 

(coefficients based on mean entry mass weighted mean 

dynamic head) 

It is of interest to note, that by writing the energy 

equation for both parts of the divided flow: 

and substituting for the definition given in 1.4.16, 17 

(i.e. mean inlet reference), 

we obtain:-

1.4.20 

Hence when using definitions based on mean entry con-

ditions, the overall loss coefficient, and similarly pressure 

recovery, can be found by the sum of the mass weighted means 

of the individual flow field components. 

For calculation purposes it may be convenient to use 

the flO\~ split ratio, S = m40/mAi , when determining overall 

performance parameters. By substitution of 1.4.20 into 

1.4.18, and noting that (ARl _4 )i = A4i/A11 it can be shown 

that: 
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1 (_1_)3 
- 0<1 1+$ 

v-
C pl-3 

1.4.21 

Pressure recovery can also be expressed in this form 

1.4.22 

The ideal pressure recovery follows from 1.4.23 by 
'" 

putting ~1-4 = 0, and ~i = ~o = 1 

• •• = 1 __ 1_ (-1.-) 3 ( 
0<.1 1+$ 

1 
+ 

1.4.23 

An effective area ratio may now be introduced, defined 

as the area ratio of a simple diffuser in which the amount 

of diffusion being attempted is the same as that of the 

branched system. (i.e. the ideal pressure recovery is 

identical) 

From 1.4.13 and 1.4.23 it follows that: 

1.4.24 = .( )-2 3( )-2 AR l _4 i + 5 AR l _ 4 0 

The effective area ratio equals the geometric area 

ratio at only one value of flow split. This is when the mean 

velocities in the two divided streams are equal (u4i = U4o ) , 
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and corresponds to a point at which the ideal pressure 

recovery is,a maximum (see Fig. 1.4.1). This value of flow 

split is termed the design value, s', and is given by: 

• s = 1.4.25 

LOCAL PERFORMANCE PARAMETERS 

It is often desirable to divide a flow into sections, 

and view the performance of each part individually. This 

section concerns parameters which may be defined to satisfy 

this requirement. 

Firstly, we may use the overall inlet conditions as 

a reference, yielding for example: 

1.4.26 

This system enables overall performance parameters 

to be obtained as the sum of individual components, e.g.: 

V" V' '" = C
pl

_
2 

+ C
p2

_
3 

+ C
p3

_
4 

However, it may be preferable to use local entry 

conditions as a non-dimensionalising factor, e.g. 

1.4.27 

Additionally, local performance parameters may be 

defined for individual (i.e. inner or outer) flow fields. 

In this case, a mean or split entry dynamic head may be 

used in the definition e.g. 



- '1.5 -

'" '" 
V' P3i - P2i 

(C p2-3)i = 1.4.28 
'" q1 using overall entry 

conditions as a 

'" '" reference 
'" P3i - P2' 

(C 2 3)' 
~ 1.4.29 or = p - ~ '" q1i 

'" '" 
'" P3i P2i 

(C 2 3). = 1.4.30 
p - ~ "'" q2 

using local entry 
conditions as a 

'" '" reference 
'" P3i - P2i. 

(C 23)' = 1.4.31 
P - ~ '" q2i 

1.4.3 BOUNDARY LAYER PARAMETERS 

In the present work, boundary layer parameters have 

been found useful as a means of quantitatively describing the 

development of velocity profiles throughout the system. 

Generally recognised definitions have been used: 

non-dimensional displacement thickness, 

R -R , wo w~ 

= RRmJ (1 - ~) ~w dR 

w 

non-dimensional momentum thickness, 

e 
R -R , wo w~ 

= :1 

~R -R,) I \ wo Wl. 

IcR -R ,) I \ wo w~ 

1.4.32 

1.4.33 

Shape factor, H = 

where R , 
w~ 

radius of the wall to \oJhich the boundary 



= 

R = wo 
(R -R ,) = wo w~ 
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layer relates 

radius to which the boundary layer under 

consideration extends 

radius to which the annulus extends 

is the annulus height, and is used to 

obtain non-dimensional parameters 

U = maximum velocity i.e. at Rm 

Parameters evaluated in the region of the combustion 

chambers head (station 3), require further clarification. 

PLANE 
I OF HEAD 
MEASUREMENT "" 

R 

• 
• • • 

/\ 
, 

, , 

VORTEX 
LIMIT 

: 

• 

" ,~I_-
I 

The annulus height h3 is used to non-dimensionalise, 

but integration is proceeded only up to the start of the 

vortex region. 
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1.4.4 VELOCITY PROFILE PARAMETERS 

In diffusers, it is often useful to be able to 

quantify the change of shape of velocity profiles as the 

flow progresses through the duct. Two parameters are in 

general use which give a measure of the axial non-uniformity. 

Firstly, the kinetic energy flux coefficient, as defined in 

Equation 1.4.5 may be used, since the kinetic energy of a 

flow rises with increasing axial non-uniformity. 

Secondly, a blocked area concept may be used, which 

indicates the surfeit of area required to transmi~ a certain 

mass of fluid over that required to transmit the same mass 

-of fluid, in a flow of uniform velocity, equal to the maximum 

velocity of the non-uniform flow. 

The blocked area, AB' is given by: 

= 

A f (1 - ~) dA 
-= A(l - ~) 

The blocked area fraction, B, and effective area, E, 

are then given by: 

B = (1 - ~) = 1.4.35 

These parameters are simpleX to calculate than ol, 

since detailed knowledge of the velocity profile is not 

required, only mass flow rate, duct area, and the maximum 

velocity. However, for the purposes of this investigation, 

it has been found more convenient to use 0( as a measure of 

axial distortion. The relationship between 0(2 and B2 , 

taken from pre-diffuser outlet test data, is given in 
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Figure 1.4.2. 

In order to provide an assessment of radial asymmetry, 

a parameter is required which is independent of axial non

uniformity. The position of maximum velocity could be used, 

but this point is often ill defined, particularly in fairly 

uniform profiles. The boundary layer parameter, di., is far 

less sensitive to accurate determination of the maximum 

velocity point, in view of the term which tends to 

zero near the point •. 

A parameter, hereafter termed the radial distortion 

factor, RD, can then be defined as: 

J~ - J O 

~ 0 

cf~ + J~ 
= 1.4.36 

Where i and 0 refer to the two regions of the profile, 

divided about the point OL maximum velocity. For a symmetric 

velocity profile, RD = 0, but becomes negative for a profile 

distorted towards the inner duct wall, and positive when dis

torted towards the outer wall. 

1.5. THE OPERATION OF A COMBUSTION CHAMBER DUMP 
DIFFUSING SYSTEM 

PRE-DIFFUSER 

DUM P REGION 

HEAD REG ION 

SETTLING LENGH 

'- .' 
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The overall area ratio of a dump diffuser is of prime 

importance, since it governs the amount of diffusion being 

attempted. It is largely fixed by the Mach number at com

pressor exit, and the necessity to obtain a sufficiently 

high static pressure in the settling length annuli to ensure 

adequate penetration of the flow into the flame tube walls. 

Considerable significance is also attached to the 

pre-diffuser area ratio, since this, in part, dictates. the 

amount of diffusion which must subsequently occur further 

downstream. The purpose of pre-diffusion is to attempt to 

minimise loss by reducing diffusion in the potentially high 

loss region of the turning flow around the combustion chamber 

head. Consideration must however be given to the length of 

the pre-diffuser, and the non-uniformity of flow produced by 

it, with particular regard to separation. 

The combustion chamber head, hereafter referred to 

simply as the head, can however improve the flow conditions 

at exit from the pre-diffuser. A region of high static 

pressure, centred around the stagnation point, must exist 

on the head, creating, particularly at small dump gaps, a 

non-uniform static pressure distribution across the pre

diffuser outlet annulus. This can then have the effect of 

reducing the amount of diffusion being attempted in the 

region of the pre-diffuser walls, and increasing it near the 

duct centre, thereby reducing the axial non-uniformity of 

the outlet flow. The possibility then exists to use rela

tively short, wide angle systems, without the occurance of 

separation, or gross flow non-uniformity. It should however 

be noted that reducing dump gap to a very small value 



- 20 -

effectively reduces the pre-diffuser outlet area, \flith the 

result that this 'diffuser' can operate as a nozzle. 

I The size, and shape of the head is important, since 

as well as influencing the upstream flow, it largely governs 

the amount of turning which must be accomplished, and the 

way in which it takes place. 

The significance on overall performance of the divi

sion of flow into the two settling length annuli can be 

clearly seen by referring to Equation 1.4.23, and Figure 

1.4.1, in which it can be seen that the ideal pressure re

covery maximises at a flow split, the design value, at which 

the mean velocities in the two settling length annuli are 

equal. Flow split influences pre-diffuser flow, since pres

sure gradients generated by the flow curvative around the 

head modify the pressure field at outlet of the pre-diffuser. 

1.6 

1.6.1 

REVIEW OF PREVIOUS WORK 

SUMMARY OF WORK BY FISHENDEN(l) 

A brief summary only of this work appears in this 

section, since much of it can be directly compared with the 

present work, and therefore appears in the discussion. 

Tests were conducted on a fully annular dump diffuser 

rig, similar to that used in the present investigation, with 

a design flow split of 2.15, and overall area ratio of 2.0. 

The geometry of the system is presented in Figure 2.1.3. 

Experimental performances evaluation was conducted over a 

wide range of flow splits, dump gaps, and pre-diffuser geo

metries, with fully developed flow presented at entry to the 

system. 
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It is now convenient to view the main results obtained 

for the pre-diffuser, and overall system separately. 

'1.6.'1.'1 THE PRE-DIFFUSER 

(a) It was found that the majority of change of pre-

diffuser pressure recovery with dump gap or flow split was 

due to insufficient and not inefficient diffusion i.e. re-

sulting from a change of the non-uniformity of outlet velo-

ci ty profiles. 

(b) For any given dump gap and pre-diffuser geometry, 

an optimum flow split existed. This optimum point was simi-

1ar whether maximum pressure recovery or minimum loss was 

used as an optimising criteria,' and although influenced by 

both dump gap and pore-diffuser geometry, always occurred at 

a flow split below the design value of 2.15, often close to 

a value of about 1.3. Optimum performance was found to be 

related to a symmetric pre-diffuser outlet velocity profile 

with minimum axial distortion (i.e. minimum 0(2). The use 

of a pre-diffuser, canted outwards at 3.330
, did however 

bring the values of design and optimum flow splits closer 

together. 

(c) The effect of reducing dump gap was to increase 

the influence of flow split on the pre-diffuser flow, and 

also, particularly in the region of the optimum flow split, 

to improve the unformity of the flow. 

1.6.1.2 OVERALL 

(a) For a given pre-diffuser and dump gap, the flow 

split giving maximum overall performance was generally of a 
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higher value than that giving maximum pre-diffuser perform

ance, although lower than the design value of 2.15 in most 

cases. 

(b) Since, at all conditions, there was no gross 

non-uniformity of the settling length profiles, the reduc-

tion of pressure recovery below the ideal value was prima-

. rily attributable to loss. 

(c) No absolute optimum operating condition could 

be defined in view of conflicting requirements of minimum 

length, and maximum performance. 

The overall length could be decreased by: 

(i) Decreasing pre-diffuser area ratio for a fixed 

wall angle 

(ii) Decreas.ing dump gap 

Uii) Increasing pre-diffuser included angle (2!2l) for 

a given area ratio. 

Each of the above however had adverse effects on per-

formance, and pre-diffuser flow non-uniformity. 

(d). As a general guide only, the division of loss 

within the system was as follows: 

Pre-diffuser •••••• 25% Dump region •••••• 15% 

Annulus surrounding flame tube (3-4 in Fig. 2.3.1) •••••• 60% 

1.6.2 ISOLATED ANNULAR DIFFUSER PERFORMANCE 

Considerable work has been carried out by Sovran and 

Klomp(2) on the testing and performance evaluation of a large 

number of diffuser geometries. Although, for the system used 

in the current investigation, the head influences the pre

diffuser flow, this effect is minimised at large dump gaps. 

./ 



I 
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This is clearly seen from Figure 1.6.1, in which it can be 

seen that good correlation can be obtained betwe~n the re-

sults pf an isolated diffuser, and the pre-diffuser at large 

dump gaps, each having similar entry conditions. 

1.6.3 THE INFLUENCE OF ENTRY CONDITIONS 

1.6.3.1 MACH NUMBER AND REYNOLDS NUMBER 

The influence of Mach number and Reynolds number re-

lating to diffusers have been established from previous work. 

(i) Little and Wilbur(3) have shown from tests on 

conical diffusers, that pressure recovery is 

essentially independent of Mach number, provided 

that sonic conditions do not prevail in the 

critical regiqn of the inlet corner. 

(H) (4) McDonald and Fox have shown, also in connection 

with conical diffusers, that performance is essen

tially insensitive to changes of Reynolds number 

above a value of about 10 4• 

(iii). Gurevich(5) has shown that for low entry swirl, 

annular diffuser loss coefficient is unchanged by 

Mach number variation between values of 0.25 to 

0.7. 

It is assumed that these results apply equally well to 

the branched system of the current investigation. 

1.6.3.2 ENTRY VELOCITY DISTRIBUTION AND TURBULENCE 

CHARACTERISTICS 

In view of the difficulty of changing the shape of a 

velocity profile without altering its turbulence structure, 
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isolation of the individual effects of each is also difficult. 

Considerable work has been conducted on the effect on diffuser 

performance of changing the entry velocity profile, maintain

ing the turbulence level as near constant as possible, and 

assuming that all major effects are primarily due to changes 

of velocity distribution. 

In general, the effect of distorting an entry flow, 

either in the direction of flow, or normal to it, is to re

duce the pressure recovery attained. In the absence of 

separation, this is primarily due to insufficient ,rather 

than inefficient diffusion. This is the result of the tend-

_ ency to accentuate'flow non-uniformity in a positive pressure 

gradient, as can readily be seen from the Navier-Stokes 

equation for steady two dimensional incompressible flow. 

In the x direction: 

~u v,' -
ay 

1.6.1 

It is evident, by consideration of the first terms on 

left and right hand sides of this equation, that in a diffus

ing flow, where ~ is positive, the reduction of velocity dX 
in the x direction is inversely proportional to the local 

velocity. Mixing will modify this result, since it has the 

effect of tending to make the flow more uniform by redistri-

bution of fluid. Increase of velocity profile non-uniformity 

implies an increase of kinetic energy, thereby decreasing the 

pressure recoyery possible in a diffuser. 

Generally, the result of increasing the turbulent mixing 

.1 .. , 
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of the entry flow is to improve the pressure recovery, and 

delay separation, by re-energising the low velocity regions 

near the walls, and thereby producing a more uniform velocity 
I 

profile at outlet. A small increase of loss is usually in-

curred. 

Extensive work on the correlation of the effects of 

presenting variously distorted entry velocity profiles have 

been carried out by'Sovran and Klomp(2), using the blockage 

factor, B1, (see Equation 1.4.35) as a measure of inlet non

uniformity. An empirical relationship between two-dimensional 

effectiveness, E, II; outlet effective area fraction, E2, 

(Equation 1.4.37) geometric area ratio, AR; and entry blocked 

area fraction, B2, was obtained,.as shown in Figure 1.6.2. 

In this way, comparison of the data due to Tyler and Williamson 

(6), Wolf and Johnston, and Sovran and Klomp(2) is possible, 

as presented in Figure 1.6.3. 

Investigations into the effect of changing entry mix-
. (8) 

ing have been undertaken by Bradley and Cockrell ,and 

Williams(9). The results indicate that by doubling the in-

tensity of turbulence near the wall of a fully developed 

entry velocity profile, a 10-12% improvement of pressure 

recovery could be obtained. 

1.6.3.3 ENTRY SWIRL 

The effect of entry swirl on various annular diffuser 

geometries has been investigated by Gurevich(5). It may be 

seen in Figure 1.6.4 that swirl is generally detrimental to 

performance, except for diffusers of large wall angle, where 

an improvement is possible over a limited range. 
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The work of Horlock(10) showed the variation of flow 

pattern as swirl is introduced, as shown in Figure 1.6.5. 

It can be seen that the separated region moves from outer 

to inner diffuser wall as considerable swirl is introduced. 

Hence, at moderate degrees of swirl, the possibility exists 

to eliminate separation entirely. 

1.6.4 THE AERODYNAMIC STABILITY OF A BRANCHED DIFFUSER 

A theoretical investigation by Ehrich(11) has been 

carried out in order to determine a stability criterion for 

a branched diffuser system, and is briefly presented below. 

(i) (ij) 

Let the flow be disturbed from an equilibrium state, 

(i), to the condition shown in (ii). For static stability, 

the initial reaction should be to restore equilibrium, and 

therefore when disturbing the flow, pressure in the inner 

annulus must rise to a greater extent than that in the outer 

falls, in order to provide a pressure force which will tend 

to restore the original division of flow. 
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Hence 6pi > ~po for static stability 

or ~CPi > 6C po 

'" 
but g-C

pi = 
'oCpi 
OQi 

• &Q 

V' 

&'C -DC 
&Q =.~ • po o Qo 

'" V\ 

'0 cpi &Q < 
-'0 C 

bQ • po 
•• '0 Qi 

• 
oQo 

+ o 1.6.1 

1.7 THE CHOICE OF SYSTEM TO BE INVESTIGATED 

. (1) 
In the light of recent work by Fishenden ,the 

importance of matching the pre-diffuser, and downstream 

sections has become clear. It has been shown in this work 

that optimum performance is related to: 

(i) A symmetric pre-diffuser outlet velocity profile 

(ii) A symmetric static pressure distribution over 

the head, and pre-diffuser outlet annulus 

(iii) A flow split less than a design value of 2.15. 

It can be seen from Figure 1.4.1 that the overall 

ideal pressure recovery maximises at the design flow split, 

and hence an improvement of performance could be expected 

if optimum performance also occurred at this point. With 

this in mind, the design flow split was changed to a value 
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of 1.2. This was based on the fact that this is approxi-

mately the ratio of outer to inner mass flows of a symmetric 

pre-diffuser outlet profile, divided about its centreline. 

In order to be able to directly compare the results 

of Fishenden(1), and those of the present investigation, the 

main parameters, such as head shape, size and position, 

overall area ratio, and pre-diffuser geometries, remain un-

changed, the alteration of the design flow split being 

accomplished by moving the inner and outer casing walls. 

(see Figure 2.1.3) 

1.8 THE SCOPE AND AIMS OF THE INVESTIGATION 

·The objective of this work is to obtain a better 

understanding of the fluid dynamic behaviour of a combustion 

system dump diffuser, to provide details of performance over 

a range of operating conditions, and to·suggest possible 

improvements. With these points in mind, the following tests 

have been conducted: 

(i). Performance evaluation over a range of dump gaps, 

and flow splits, with each of three axisymmetric 

pre-diffusers of 120 included angle, and area 

ratios of 1.4, 1.6, and 1.8 respectively. These 

tests were conducted with fully developed entry 

conditions, and a design flow split of 1.2 

(ii) Performance evaluation over a range of dump gaps 

and flow splits, with a single 1.6 area ratio, 

axisymmetric pre-diffuser of 120 included angle, 

and a distorted entry velocity profile, with a 

design flow split of 2.15. 

.' 
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In isolation, the results of these tests show: 

(i) The effect of a variation of pre-diffuser area 

ratio at a fixed included angle 

(H) The result of variation of dump gap 

(Hi) The result of changes of flow split. 

When compared with the resul ts of Fishenden'( 1) , they 

also show: 

(i) The effect of changing entry conditions at vari-

ous common downstream conditions 

(ii) How a change of design flow split affects per-

formance and fluid dynamic behaviour. 
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SECTION 2 THE EXPERIMENTAL FACILITY 

2.1 CONSTRUCTION OF THE TEST RIG 

The general arrangement of the test facility can be 

seen in Figures 2.1.1 and 2.1.2, detailed dimensions being 

presented in Figure 2.1.3. A fully annular system has been 

used, in view of the uncertainty of the end wall effects 

associated with segmented models. 

Flow was supplied by drawing air through the rig by 

means of a Keith and Blackman 2513S centrifugal fan, driven 

by a D.C. electric motor, fitted with resistive speed con

trol. The use of a suction system, with remote atmospheric 

exhaust, and the presence of a plenum chamber and honeycomb 

between fan and test regions, minimised the effect of the 

fan flow characteristics on the airflow through the rig. 

In order to prevent large scale ambient air movements 

from having a significant effect on the flow through the 

rig, honeycomb was incorporated into an 8:1 contraction 

ratio entry flare. Additionally, trip wires were attached 

to both inner and outer annulus walls just after the start 

of the parallel entry length, in order to ensure stable, and 

circumferentially uniform transition to turbulent flow. 

Fully developed flow was then ensured at the end of the 24 

hydraulic diameter entry length. 

By using a vertical construction, the use of support 

struts was minimised, these only being found necessary at 

the start of the entry length, and in the downstream "regions 

of the settling length. Clean flow was therefore ensured in 

the sections in which measurements were taken. 
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Perspex was chosen as the main structural material 

in view of: 

(i) The relative ease of manufacture 

(ii) The high accuracy possible 

(typically 500.00 ~ 0.07 mm) 

(iii) The possibility of using flovl visualisation 

techniques 

(iv) The need to 'set up' traverse probes. 

2.2 TEST RIG VARIABLES 

(i) Dump Gap 

The combustion chamber assembly was mounted on a 

screw jack, enabling it to be moved vertically by means of 

a calJ,brate.{ .. wheel mounted at the base of the rig. In 

this way, the dump gap, D', could be varied between 0 and 

+ 200 mm with an accuracy of _ 0.1 mm. 

(ii) Flow Split 

The variation of flow split was facilitated by vert-

ical movement of a profiled throttle ring mounted at the 

end of the settling length outer annulus on three equispaced 

lead screws, as shown in Figure 2.2.1. In order to extend 

the range of flow splits available, a fixed throttle of 66% 

area blockage could be fitted to the end of the inner 

settling length annulus. 

(iii) Pre-Diffuser Geometry 

A range of pre-diffuserswith various geometries was 

available, these being interchangeable without modifications 

to the test rig. The dimensions of those used in this series 

of tests (designated 1, 2 and 3) are given in Figure 2.1.3. 
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It can be seen from Figure 2.2.2 that these geometries are 
(2 , 

close to the optimum lines of Sovran and Klomp '. 

2.3 INSTRUMENTATION 

(i) Pre-Diffuser Entry and Exit 

Facili ties for emP.Loymg the manual traverse mechanism 

shown in Figure 2.3.5 were located at three circumferential 

position, mutually at 1200
, at stations 1 and 2, as defined 

in Figure 2.3.1. Entry traverse positions were located two 

annulus heights upstream of the start of the pre-diffuser in 

order to provide invariant entry reference conditions, with 

a uniform static pressure. The miniature pitot and wedge 

static probes used to obtain measurements are shown in 

Figures 2.4.5 and 2.4.6. 

(ii) Combustion Chamber Head 

In view of the movement of the combustion chamber 

necessary to vary dump gap, it was not feasible to locate a 

traverse mechanism on the head. Fixed rakes were therefore 

employed, -located on the inner and outer head regions at 300 

to the horizontal, the details of which are given in Figure 

2.3.2. Additionally, calibration checks on the outer head 

rake were possible, at a single value of dump gap, by employ

ing the single traverse facility located on the outer wall 

of the rig. 

(iii) Settling Length Traverse 

In view of the radial uniformity of the static pres

sure in the settling length annuli, and the circumferential 

symmetry of the flow, it was found necessary to conduct 

total pressure traverse only, at a single circumferential -
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location. Due to the inaccessible nature of the inner 

annulus, it was necessary to use the traverse system shown 

in Figure 2.2.1. 

(iv) Wall Static Tappings 

Static pressure tappings were provided on all test 

rig walls as shown in Figure 2.3.3. These were located at 

three circumferential positions, each having a diameter of 

0.79 mm. 

• (v) Approximate Flow Split Determination 

In order to assist in setting the throttles to obtain 

a given flow split, instruments giving an approximate mean 

total pressure in _the settling length annuli were fitted. 

These consisted of lengths of tubing, mounted radiaily across 

each annulus, blanked off at one end, with several small 

holes drilled into them,' facing the direction of the oncoming 

flow. 

(vi) Recording of Pressure·s 

Pressures from the instruments described above were 

fed, via plastic pressure tubing, into a Furness Micromano

meter, the output signal of which was recorded on 

a D.I.S.A. type 55 D 30 digital voltmeter. 
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SECTION 3 EXPERIMENTATION 

3.1 SCOPE OF TESTS 

For each of three pre-diffusers, tests were conducted 

over a range of dump gaps and flDl1 splits, with an overall 

design flow split of 1.20, and fully developed entry condi

tions. Additionally, the effects of distorting the entry 

profile were investigated in tests conducted over a range of 
, 

flow splits and dump gaps with a single pre-diffuser, and 

design flow split of 2.15. The range of these tests is sum-

marised in Figure 3.1.1, the values of dump gap, and flow 

split having been chosen on the basis of previous experience 

so as to include the regions of greatest interest. 

Each test included measurement of the folloYling items: 

(i) Total and stdtic pressure profiles in the pre-

diffuser outlet plane (station 2) 

(H) Total and static pressure data from inner and 

outer head rakes (stations 3. 
~ 

and 3 ) 
0 

, (Hi) Total pressure profiles in both settling length 

annuli (stations 4i and 4
0

) 

(iv) Static pressures from the wall tappings 

(v) 'Key' static pressures from wall tappings. 

(i), (ii), (iii) and (iv) above were conducted at a 

single circumferential location, (v) being conducted at each 

of the three circumferential locations available. 

Each test has been designated a number for convenience 

of reference, the system used being explained by the use of 

the following example: 

• 



Pre-diffuser 

reference number 
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TEST NO. 2 - 0518 

I 
Non-dimensional 

dump gap 

(D/h2 = 0.5) 

Approximate 

flow split 

(S = 1.8) 
, 

In addition, complete blocks of tests can be referred 

to: 

e.g. 2-05 test series refers to the range of tests 

conducted with pre-diffuser 2, and dump gap 0.5. 

3.2 ENTRY CONDITIONS 

(i) Fully Developed Entry Profile 

Total and static pressure profiles were obtained by 

means of traverses at station 1, at each of three circum-

ferential locations. These were conducted at extremes of 

flow split and dump gap outside the normal testing range. 

Circumferential uniformity, independence of downstream con-

ditions, and the absence of a radial static pressure gradient 

were ascertained, and the entry velocity profiles presented 

in Figure 3.2.1 were assumed to apply for all test conditions. 

(ii) Distorted Entry Conditions 

A perforated ring, as shown in Figure 3.2.2, was used 

to produce a velocity profile distorted tO~Jards the outer 

wall at entry. This system was chosen in an attempt to limit 

the increase of mixing presented to the pre-diffuser, bearing 

in mind construction and mounting limitations. 

Total and static pressure profiles were conducted at 

station 1 for various positions of the ring, and a location 

.' 
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providing a velocity profile typical of that at compressor 

exit was established. The resultant velocity profiles, and 

also shear stress distributions obtained by using hot wire 

anemometry, are presented in Figure 3.2.3. It can be seen 

that the closest approximation to typical compressor exit 

conditions is when.the ring is 203.2 mm from the entry sta-

tion, and it was therefore at this condition that testing 

was conducted. 

During all tests, the entry velocity was maintained 

approximately constant at a mean value of about 26 m/s, 

corresponding to a Reynolds number 

3.3 EXPERIMENTAL TECHNIQUE 

- . 

t1 2h1) 

If 

5 of 1.6 x 10 • 

Total and static pressure profiles were obtained 

using the equipment described in Section 2.3. Traverse 

reference positions were obtained by moving the probes until 

just touching the rig walls, enabling, with a knowledge of 

probe size, the probe location to be known to·an accuracy 

of about 0.1 mm. Traverses were conducted from both inner 

and outer walls of each annulus, with a region of overlap 

near the duct centre, the step size between reading being 

chosen as that consistent with accurately defining the pro-

file. 
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Station Annulus No. of points No. of points 
height in total in static 

pressure pressure 
traverse traverse 

1 38.1 mm 44 35 

2 52.5-67.8 mm 34-40 28-34 

4. 58.5 
~ 

mm 25 -
4 

0 
30.7 mm 20 -

All traverse and head rake pressures were recorded 

with reference to local wall statics (i.e. P2wo' P9Hi/o' 

P4 ./ ), these reference pressures, and all wall static 
w~ 0 

pressures also being recorded, referenced to the wall static 

pressure at station 1. Additionally, the maximum dynamic 

head at inlet was recorded, before and after each group of 

readings. 

3.4 ACCURACY 

By selecting suitable damping values on both the 

micromanometer and digital voltmeter, mean values of fluctu

ating pressures could be recorded to within ~ 0.2 mm water, 

for a value of maximum entry dynamic head of about 50.0 lrun 

water. However, the pressure probes operated under condi

tions ranging from steady fully developed flow to separated 

flow, and at largely unknown incidences, the effect of which 

is shown in Figure 3.4.1. A general assessment of experi-

mental accuracy is afforded by the discrepancy between inte-

grated mass flows at each station: 
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Pre-diffuser outlet ••••• m + 8", m2 = 1 _ 0/0 

mean for all tests m1+4.7% 

mean for all tests m1+2.7% 

In view the fact that calculated parameters are based 

on large numbers of. experimental data, it is difficult to 

provide an accurate assessment of likely error. Realistic 

estimates of the maximum likely errors in the more important. 

performance parameters are given below: 

Pre-Diffuser Overall 

Parameter Typical Error Typical Error 
vCllue value 

Pressure 0.500. + + 

'" - .025 0.500 - .015 
C 

Recovery p (~ 5%) (~ 3%) 

Loss 0.080 + 0.250 + 
'" - .030 .025 t- -

(.! 40%) 
. 

(.! 10%) Coefficient 

It should be noted that the high error associated 
'" wi th (' is the result of the low value of pre-diffuser "'1_2 

loss, calculated from the difference of large quantities. 
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SECTION 4 PRESENTATION AND DISCUSSION OF RESULTS 

In this section, the performance characteristics, and 

fluid dynamic behaviour of the system will be presented and 

discussed, with particular regard to variation of flow split, 

dump gap and pre-diffuser geometry. In Section 4.1, the 

system is viewed as a whole, and in subsequent sub-sections, 

the flow in various regions of the system is analysed in more 

detail • 

4.1 

4.1.1 

OVERALL PERFORMANCE (1-4) 

OPTIMUM CONDITIONS 

The overall design objectives may be stated as follows: 

(i) To obtain a maximum pressure recovery 

(ii) To incur minimum total pressure loss 

(iii) To minimise the overall length 

(iv) Good stability, and radial and circumferential 

flow uniformity 

(v) To satisfy the above four points at both on and 

off-design flow splits. 

The overall performance for various flow splits, dump 

gaps, and pre-diffusers is presented in Figures 4.1.1;3 'and 

compared with the data due to Fishenden (1
). By taking, for 

given dump gaps and pre-diffusers, values of maximum pressure 

recovery, and minimum loss, it is possible to obtain curves 

such as those shown by the unbroken li.nes of Figure 4.1.4. 

A tangent to these curves (the broken line) can 'then be drawn, 

giving, for fixed overall length, the maximum possible pres-

sure recovery, and minimum pussible loss. It can then be 
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seen that the first three design objectiyes are not consis-

tent. When the overall length is low, pressure recovery is 

poor, and loss high. However, as non-dimensional length 

(L /h1 ) is increased up to a value of about 5.5, an im~rove~ ov _ 

ment in the maximum attainable performance is possible, al-

though it falls gradually as this length is exceeded. If 

therefore minimisation of length were not a prime consider

ation, to obtain the best possible performance for this type 

of system, it should be operated with a non-dimensional 

length of 5.5, corresponding to a dump gap (D/h2) -of 1.1 

(D/h1 = 2.0), a pre-diffuser length (L/h1) of 3.5, and a flow 

split close to the design value of 1.2. In this case, an 

overall pressure recovery of 0.58 may be obtained, with a 

loss coefficient of 0.16. 

Since optimum flow splits occur near the design value, 

at optimum conditions, the ideal inner and outer pressure 

recoveries are approximately equal. Loss however modifies 

this result, and equal"lty of inner and outer pressure recov-

eries invariably occurs at a flow split above design, as in-

dicated by the example of Figure 4.1.5. 'The result is, that 

at optimum conditions, the pressure recovery of the outer 

flow field is below that of the inner, as shown in Figure 

4.1.6. 

Further curves such as those of Figure 4.1.4 may be 

drawn giving the maximum performance at flow splits other 

than design. It is then possible to derive charts which en-

able systems of similar geometry to be designed, and the per-

formance at off design flow splits to be predicted. These 
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are presented in Figures 4.1.7/9, in whi7h the maximum overall 

pressure recovery, and minimum loss attainable for various 

overall lengths and flow splits are presented. Lines of con

stant dump gap have been superimposed such that at any point, 

the pre-diffuser length may also be determined. It should be 

noted that, for convenience, dump gap has been non-dimension

alised by h1' and not, as is more usual, by h 2• Since it is 

usually desirable to avoid gross flow non-uniformity, the re

gions in which pre-diffuser separation is likely to occur rove been 

indicated. It should be noted that it was not fou~d possible 

to construct minimum loss design curves for flow splits in 

~xcess of 1.2 because of the relatively small variation of 

loss coefficient in this region. 

4.1.2 THE INTERRELATION OF PRE-DIFFUSER AND 
OVERALL PERFORMANCE 

In order to study the extent to which the pre-diffuser 

and overall performance characteristics are interrelated, it 

is helpful to isolate the variables, flow split, dump gap, and 

pre-diffuser length. Typical variations of pressure recovery 

and loss coefficient with these parameters, both overall, and 

within the pre-diffuser, are presented in Figure 4.1.10. 

For a given pre-diffuser and fixed flow split, the bene

ficial effect of small dump gaps on pre-diffuser flow can be 

seen, pre-diffuser pressure recovery rising as dump gap is re

duced, at the expense .of only a small increase of loss. How

ever, reduction of dump gap increases loss downstream of the 

pre-diffuser fo such an extent that the variation of overall 

pressure recovery is the complete reverse of that in the pre-
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diffuser. It is also clear from this graph, and indeed all 

those of Figure 4.1.10, that the majority of the pressure 

rise occurs within the pre-diffuser, little or none occurring 

downstream due to the high loss in this region. 

The effect, on performance, of variation of flow split 

at a fixed pre-diffuser geometry and dump gap is shown in 

Figure 4.1.10. Pressure recovery falls, and loss rises as 

flow split departs from the design value. This variation is 

particularly apparent 'in the overall flow, especially the 

change of pressure recovery, since even under ideal flow con

ditions, a similar variation of pressure recovery would occur. 

(see Figure 1.4.1) 

,An example of the effect of changing pre-diffuser 

length (and hence area ratio since 2~ is fixed) at constant 

values of dump gap and flow split, is presented in Figure 

4.1.10. It is clear, that as pre-diffuser length is increased, 

more diffusion is being attempted, and a higher pressure recov

ery could be expected within the pre-diffuser, albeit at the 

expense of an increase of loss. In this way, it is therefore 

possible to modify entry conditions to the region downstream 

of the pre-diffuser, with the result that as more diffusion 

occurs within the pre-diffuseG loss downstream of it, falls. 

However, for the particular example shown, a gain of overall 

performance in this way is only possible by increasing non

dimensional pre-diffuser length up to a value of 3.4. Beyond 

this value, pre-diffuser loss increases significantly, out

weighing any reduction of loss downstream. 

" 
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4.1.3 FLOI'I STABILITY 

The stability parameter ~ (as defined in Section 1.6.4) 

is plotted in Figure 4.1.11 against flow split for various 

values of dump gap. Although the system is stable within the 

range of the experimental results, the margin of stability 

changes with both dump gap and flow split. In the region of 

the design flow split, the system is theoretically least 

stable, although greater stability may be achieved at the 

smaller dump gaps. 

4.1.4 THE INFLUENCE OF DISTORTED ENTRY CONDITIONS 

It has been shown in Figure 3.2.'3 that, a considerable 

increase of turbulent mixing was introduced into the flow 

when the entry velocity profile was distorted. The consequence 

of this was an increase in overall loss, and a reduction of 

pressure recovery at all values of flow split and dump gap, 

as shown in Figure 4.1.12. 

In view of the need to turn a considerable amount of 

the flow outwards in the dump and head regions at high flow 

splits, it might be expected that under these circumstances, 

improvement of performance could be possible for an entry flow 

already distorted outwards. Since no improvement was in fact 

measured, it must be assumed that the entry mixing character

istics have a greater influence than the velocity profile 

shape. 
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PRE-DIFFUSER PERFORMANCE (1-2) 

THE INFLUENCE OF DOI'/NSTREAM CONDITIONS 

ON PRE-DIFFUSER FLOVI 

In order to provide forces to balance the centrifugal 

effect as flow turns around the head, pressure gradien~will 

exist downstream of the pre-diffuser. The influence of these 

gradients on flow in the pre-diffuser will have a greater in

fluence at small dump gaps, by the very nature of their prox

imity. 

Near the design flow split of 1.2, the static pressure 

distribution around the head is symmetrical about the combus

tion chamber centreline. The inner and outer boundary layers 

of the'pre-diffuser flow are therefore influenced by similar 

pressure gradients, and, when a symmetric velocity profile is 

presented at entry, the pre-diffuser outlet profile is also 

symmetric. Under these conditions, the pre-diffuser outlet 

static pressure distribution is as shown in Figure 4.2.1, 

with a high pressure prevailing at the duct centreline, al

though, as dump gap is increased, the pressure variation be

comes less apparent. The resultant effect on the pre-diffuser 

flow can be seen from the outlet velocity profiles of Figure 

4.2.1, in which flow uniformity across the duct increases as 

dump gap reduces. 

As flow split changes from the design value, the head 

pressure field will become asymmetric, hence creating an 

asymmetric pressure gradient at pre-diffuser outlet. Conse

quently, as a result of the differing axial pressure gradients 

( d pi 'Ox' influencing inner and outer pre-diffuser wall 
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boundary layers, the outlet velocity profile is distorted, as 

shown in Figure 4.2.2. 

4.2.2 PERFORMANCE NEAR DESIGN FLOW SPLIT 

Since total pressure loss is an inevitable consequence 

of turbulent mixing, in order to minimise loss, it is normally 

desirable to mi.nimise mixing within the pre-diffuser flow. 

However it should be noted that an increase of mixing can elim-

inate separation, and the high loss associated with it. This 

implies that the exit velocity profile should be similar to 

that at entry, although to obtain maximum pressure recovery, 

not only should loss be minimised, but the outlet velocity 

profile must be uniform, since in this case, the maximum 

amount of kinetic energy will have been converted to static 

pressure. However, since it is not usually possible, in dif-

fuser flows, to obtain an outlet profile more uniform than 

that at entry, the conditions for minimum loss, and maximum 

pressure recovery are normally indentical, and consistant with 

those giving maximum outlet flow uniformity. 

Optimum pre-diffuser performance could therefore be 

expected to occur at conditions where the kinetic energy para-

meter, 0(2' is a minimum, and for symmetric, fully developed 

entry conditions, when the radial distortion parameter, RD2 , 

is equal to zero. As can be seen in Figures 4.2.6-8, these 

conditions are satisfied, for all pre-diffusers and dump gaps, 

at flow splits close to the design value of 1.20, further 

reduction of 0<2 being possible by decreasing dump gap. 

Reference to Figures 4.2.3-5 confirm that optimum performance 

does in fact occur at these conditions. The beneficial effect 
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of decreasing dump gap near the design flow split can be more 

clearly seen in Figure 4.2.9, in which it is also apparent 

that the effect of changing dump gap has a greater influence 

at small values of D/h2• 

It is of interest to analyse the relative magnitudes 

of the two contributions to reduction of pressure recovery 

below the ideal value, namely loss, .and flow distortion. 

Figure 4.2.10 shows that both factors are of considerable 

importance • 

4.2.3 PERFORMANCE AT OFF DESIGN FLOW SPLITS - .. 
At flow split other than the design value, the pre

diffuser will come under the influence of an asymmetric radial 

pressure gradient, as discussed in Section 4.2.1. Radial 

distortion of the pre-diffuser flow results, and loss increases 

as a result of extra mixing. Figures 4.2.3~~show that the 

reduction of pressure recovery is greater than that attribut

able to increased loss alone. This is the result of increased 

kinetic energy associated with outlet velocity profile distor

tion, as is shown by the variation of the kinetic energy para

meter, 0(2' in Figures 4.2.6-8. 

At small dump gaps, the radial pressure gradient down

stream of the pre-diffuser is not only greater in magnitude, 

but can also have a greater influence on the pre-diffuser flow 

by the very nature of its proximity. Hence, although a reduc

tion of dump gap has beneficial effects on the pre-diffuser 

flow near the design flow split, the performance reduction at 

off design flow splits is greater. This can be seen in Figure 

4.2.9, in which, the reduction of pressure recovery resulting 

, 
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from operating at off design flow splits increases as dump 

gap is reduced. 

4.2.4 THE INFLUENCE OF DESIGN FLOW SPLIT 

It has already been stated in Section 4.2.2 that, when 

operating with a settling length geometry having a design 

flow split of 1.2, optimum pre-diffuser performance occurs at 

a flow split consistent with a symmetric head static pressure 

distribution and pre-diffuser outlet velocity profile. The 

results of Fishenden(l) also indicate a similar relationship, 

al though these conditions do not prevail at the design flOyl 

split of 2.15, but at values close to the design (or optimum) 

conditions of the present investigation, as shown in Figures 

4.2.3-5. Hence, not only are conditions for good pre-diffuser 

performance confirmed, the independence of the downstream 

pressure gradient influencing pre-diffuser flow, and design 

flow split, is also shown. 

It appears that, even at optimum flow splits, that re-

duction of .the design flow split from 2.15 to 1.2 can margin-

ally increase pressure recovery by reducing loss. However, 

this result must be treated with caution in view of the slight 

differences in entry conditions (Figure 3.2.1). 

4.2.5 THE INFLUENCE OF PRE-DIFFUSER GEOMETRY 

Since all pre-diffuser used in the current \~ork were 

of 120 included angle, those of greater length had a larger 

area ratio, and therefore a greater pressure rise was theoret-

ically attainable. However, the increased loss, and higher 
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flow non-uniformity that results from more diffusion being 

attempted partially nullifies any increase of pressure 

recovery. 

Furthermore, as diffuser length is increased, separa

tion may occur, creating additional loss and flow non-uni-

formity which result in further reduction of static pressure 

recovery. The separation limits for various pre-diffuser 

lengths, dump gaps, and flow splits are presented in Figure 

4.2.11, derived from the assumption that separation was 

imminent when the non-dimensional velocity (u/u) near the 

wall fell to a value of 0.05. 

4.2.6 THE INFLUENCE OF MODIFIED ENTRY CONDITIONS 

As shown in Figure 4.2.12, the effect of distorting 

the entry velocity profile,' at all but very low flow splits, 

is to decrease pressure recovery, due mainly to an increase 

of loss. 

It can be seen from Figure 4.2.13, that the kinetic 

energy of the pre-diffuser outlet flow (0(2) is higher when 

distorted conditions are presented at entry. This does not 

necessarily imply a reduction of pressure recovery, since the 

kinetic energy of the entry flow is also higher. This is 

clearly shown from Equation 1.4.14, in which the significance 

of the ratio 

V' 

C pl-2 = 

can be seen 

1 -
2 

( 1 ) AR
l

_
2 
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As flow split varies for the distorted entry case, the 
. 

outlet velocity profiles largely retain their original form 

as indicated in Figure 4.2.14, whereas for fully developed 

entry conditions, considerable variation of the outlet velo-

city profiles result from changes of flow split. With dis-

torted entry conditions, reduction of flow split results in 

an increase of momentum in the low velocity region near the 

inner wall, effectively producing a more uniform profile, and 

reducing 0(2. However, for fully developed entry conditions, 

at flow splits below about 1.2, ~2 rises with decrease of 

flow split, and the value of 
0(2 
0<.1 

falls substantially below 

that obtained with a distorted entry. Hence, at low flow 

splits, despite any increase of loss associated with"the in

crease of mixing of the distorted entry profile, improvement 

of pressure recovery is possible, as can be seen below flow 

spl~ts of about 0.8 in Figure 4.2.12. 

4.3 DUMP AND HEAD REGION (2-3) 

In this section, an attempt is made to outline the 

factors which influence the flow in this region, and to re-

late changes of flow split, dump gap and pre-diffuser geometry 

to variation of fluid dynamic behaviour. 

Since, at station 3, the flow is completely divided 

into two flow fields, the characteristics of inner and outer 

flows will be co"nsidered separately. In Section 1.4.2.2, a 

number of methods of defining performance parameters were 

reviewed. Loss or pressure recovery may be non-dimensiona-

lised by mean conditions existing either at pre-diffuser entry 

or exit (Equations 1.4.28, 1.4.30). 
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Using these definitions, variation of performance para-

meters may result solely from variation of flow fraction to 

either inner or outer portions of the flow due to changes of 

flow split. However, pre-diffuser outlet conditions can have 

a-significant effect on the flow between stations 2 and 3, and 

hence conditions prevailing in the individual flow fields at 

pre-diffuser outlet have been used to non-dimensionalise per-

formance parameters, as defined in Equation 1.4.31. 

'" \1\ 

P3i - P2i 
e.g. = 

'" q2i 

It should be noted that, in view of the limited numoer 

of probes within the head rakes, the uncertainty of flow 

direction producing probe incidence effects, and the difficulty 

of accurately defining the extent of the vortex, some degree 

of inaccuracy of the performance and boundary layer parameters 

is possible, although general trends will still be apparent. 

4.3.1 PERFORMANCE CHARACTERISTICS 

A number of attempts have been made to correlate the 

loss in both inner and outer regions of the flow, in terms of 

both the amount and rate of diffusion or acceleration being 

attempted. However, no completely satisfactory correlation 

was found possible in view of the additional factors affecting 

the flow, as described in subsequent discussion within this 

section. 

The variations of both inner and outer flow field pres-

sure recovery and loss coefficients (defined as in Equation 

1.4.31) with dump gap and flow split are shown, for pre-diffuser 
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number 1, in Figure 4.3.1. Similar trends were observed for 

the other pre-diffusers tested. It is clear that pressure 

recovery of the inner or outer flow field rises as dump gap 

is increased, or as the percentage of the entry flow associ

ated with that particular flow field falls. 

4.3.2 

4.3.2.1 

FACTORS INFLUENCING FLOW CHARACTERISTICS 

FLOW TURNING 

• Loss "is generally associated with the process of turn-

ing flow in view of the mixing required to redistribute the 

flow as pressure gradients are generated in order to balance 

centrifugal forces. It could therefore be expected that loss 

would rise as either the rate or amount of turning increased. 

Since the flow must return to the axial direction in 

the settling length after turning around the head, then at 

some point along each streamline a point of inflection must 

occur. Although the position of such a point cannot be de

fined precisely, it can be seen from the static pressure 

distributions of Figures 4.3.2 and 4.3.3 (see Appendix 3 for 

the complete series of results), that the pressure gradient 

at station 3 is consistent with that of a flow curvature which 

is convex with respect to the combustion chamber. Hence the 

flow must have began to return to an axial direction prior to 

station 3. 

The rate at which the flow turns is largely governed 

by dump gap, since this determines the length available for 

this process to be completed. 

It is considerably more difficult to discuss the amount 

of turning, since this depends not only on dump gap, but also 
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on flow split. The influence of dump gap on pre-diffuser 

outlet conditions has already been discussed in Section 4.2.1, 

in which it was shown that, by reduction of dump gap, a more 

uniform pre-diffuser outlet velocity profile could be obtained. 

This would have the effect of reducing the mass flux near the 

duct centre, and increasing it in the region of the walls, and 

therefore less turning is needed around the head, since, in 

effect, some turning has already been accomplished within the 

.pre-diffuser. 

Flow split also varies the amount of turning, in a way 

that is also influenced by dump gap. It may be seen in Figure 

4.3.4 that as flow split varies at small dump gaps, the posi-

tion of the dividing streamline at pre-diffuser outlet remains 

almost unchanged, and close to the centre of the annulus. 

/~i 

, 
I 
I 
I 
I 

HIGH FLOW SPLIT Qo~Qi 

DIVIDING 

STREAMLINE 

J 
J 
I 

LOW FLOW SPLIT Qo«Q; 

SMALL DUMP GAP 

From the above sketch it can be seen that at a high flow 
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split, in for example, the inner flow field, a greater pro-

portion of the pre-diffuser outlet flow is concentrated in 

the region of the dividing streamline. Hence more turning 
! 

of inner flow is required as flow split increases, and vice 

versa in the outer flow field. 

At large dump gaps, there is considerable variation 

of the dividing streamline location at pre-diffuser outlet 

with flow split, although the velocity profile at this 

location does not change appreciably (see Figure 4.3.4). 

DIVIDING 
STREAMLINE 

I 
I 

I 
Q. 

(' \ 
HIGH FLOW SPLIT Qo»0, LOW FLOW SPLIT Q.«Q; 

LARGE DUMP GAP 

Taking the inner flow field as an example, it is 

clear that as flow split is reduced, the effective centre 

of mass of the pre-diffuser outlet flow moves away from the 

inner wall, necessitating a greater amount of turning around 

the head. 

.' 
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4.3.2.2 DIFFUSION AND ACCELERATION OF FLOW 

As shown in Figure 4.3.4 the flow between stations 

2 and 3 invariably undergo a net acceleration, or, at large 

dump gaps and a low flow fraction, a slight diffusion. 

However, at large dump gaps, the flow can undergo consider

able diffusion in the rapid expansion of the dump, subse

quently accelerating over the head. This can have an ad

verse effect on performance due to the mixing loss associ

ated with the diffusion process. 

4.3.2.3 THE INFLUENCE OF PRE-DIFFUSER OUTLET 

TURBULENCE STRUCTURE 

In view of the large shear stress associated with 

high velocity gradients, it could be expected that the tur

bulent mixing of a velocity profile would rise in the region 

of high radial velocity gradient as flow non-uniformity in

creased. The kinetic energy flux parameter, 0(2' can be 

used as a measure of flow non-uniformity, and as can be seen 

in Figure 4.3.4, for the pre-diffuser outlet inner flow 

field, this parameter rises with flow split. Hence, consid

ering the mixing characteristics alone, it could be expected 

that loss around the inner head region would rise due to 

extra mixing as flow split increased, and vice versa in the 

outer flow. 

4.3.2.4 MIXING BETWEEN INNER AND OUTER FLOI'I FIELDS 

Although it has been found convenient to divide the 

flow into two parts split about the dividing streamline, in 

the region up to where the flow becomes completely divided 

.' 
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around the head, this division is arbitrary, with no solid 

boundary between inner and outer flow fields. Mass transfer 

between the two flow fields, is therefore inevitable in the 

presence of turbulent mixing, this being particularly appar-

ent at large dump gaps. 

In this situation, energy would be transferred to the 

flow field having the lower velocity in the vicinity of the 

dividing streamline, decreasing loss in this region at the 

expense of an increased loss in the other flow field. 

4.3.2.5 

DIVIDING /.. 

{ u f STBEAMLI~ le <~ i.\ 
, ENERGY 

TRANSFER 

VORTEX Fl.OW 

III HIGH ENERGY REGION 

",LOWER ENERGY REGION 

Since the majority of the vortex lies vii thin the 

region 2-3, the energy required to sustain it must constitute 

part of the loss within this portion of the flow. An approx-

imate estimate of the loss associated vii th the vortex, found 

by assuming that all of the kinetic energy contained at sta-

tion 3 is detroyed has shown that in the order of half of the 

total loss between 2 and 3 could be attributable to the vortex. 

" 
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THE INFLUENCE OF DIFFERENCES BETVJEEN INNER AND 

OUTER FLOW FIELD DUCT GEOMETRIES 

The choice of a design flow split of 1.20, and 

annular geometry, dictate inner and outer casing walls VJhich 

are not equidistant from the combustion chamber centreline. 

The result is, for similar conditions at pre-diffuser outlet, 

less turning of the outer flow than that of the inner is re-

quired. 

There is also a difference in the way in which diffu-

sion or acceleration takes place. At large dump gaps it has 

alr.eady been stated that the flow diffuses into the dump re-

gion prior to an acceleration over the head. In the inner 

flow, the turning procedure around the head implies that the 

flow is progressing towards a smaller radius, and any diffu-

sion must take place radially, i.e. in the plane of the main 

velocity profile non-uniformity. However, in turning, since 

the outer flow is progressing towards a larger radius, a 

. considerable amount of diffusion can occur circumferentially, 

which is normal to the plane of flow non-uniformity. Viets(12) 

has shown, in a theoretical investigation, that there can be 

a substantial difference in the mixing characteristics of 

flows diffused in different planes, more mixing being associ

ated with diffusion normal to the plane of velocity profile 

non-uniformity. Solely as a result·of this phenomena, it 

could therefore be expected that total pressure loss would be 

greater for the outer flow field. 
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4.3.3 DISCUSSION OF HEAD STATIC PRESSURE DISTRIBUTIONS 

The variation of static pressure on the head is pre-
I 

sented in Figures 4.3.5-8. It can be seen that, despite 

changes of dump gap, flow split and pre-diffuser geometry, 

the magnitude and location of the peak pressure, at the 

stagnation point, remains unchanged. 

The fall of pressure around the head, and subsequent 

rise downstream of a point corresponding closely with sta

tion 3, is the result of two influences. Firstly, as a 

result of the flow acceleration prior to diffusion into the 

settling length, the mean static pressure of the flow will 

fall. This continues up to a region where the mean velocity 

is a maximum, static pressure subsequently rising as diffu-

sion occurs. Secondly, the flow turning, as discussed in 

Section 4.3.2.1 also influences the head static pressure 

distribution. Due to the necessity to turn the flow around 

the head, and then return it to an axial direction, the pres

sure gradient across the annulus surrounding the head will 

change both in magnitude and direction in the manner illus-

trated below. 

FLOW CONCAVE TO HEAD 

/ NEGA T I V E d P . 
. , dYH , 

, 

/FLOW CONVEX 

POSITIVE 

TO HEAD 
dp 
ay. 
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Hence, in the absence of any diffusion or acceleration, 

the turning of the flow would produce similar head static 

pressure variations to those shown in Figures 4.3.5-8. 

4.4 

4.4.1 

SETTLING LENGTH (3-4) 

GENERAL FLOW CHARACTERISTICS 

Since the inner and outer flows are completely separate 

at station 3, and hence almost entirely independent of each 

other, performance and flow characteristics \~ill be mainly 

dependent upon local entry conditions (i.e. at station 3). 

In general, the flow diffuses rapidly into the initial 

regions of the settling length, subsequently diffusing more 

slowly in the constant area regions as the velocity profile 

becomes more uniform due to mixing. Additionally, the flow 

is turning towards the combustion chamber, becoming axial in 

the downstream region of the settling length. 

For reasons outlined in Section 4.3, performance para

meters in this section have been non-dimensionalised by local 

entry conditions, as defined by Equation 1.4.31. The varia

tion of performance with dump gap and flow split is typical 

of that sho_m in Figure 4.4.1, in which the results for pre

diffuser number 2 are presented. It can be seen that pressure 

recovery in both inner and outer flow fields falls as the flow 

fraction to that particular annulus also decreases. The ideal 

pressure recovery however rises with decreasing flow fraction, 

and therefore the reduction of pressure recovery is solely 

the result of a rapid increase of loss. 



• 

\ 

- 60 -

4.4.2 FLOW STABILITY 

Consider a flow particle of mass Ill, moving in an arc 

of radius R, with tangential velocity u. 

-
-mass/m 

u 

In the absence of significant radial acceleration, the 

centrifugal force must be balanced by a radial pressure force. 

= m .2E. 
f dR 

.2E. 
dR 

tu2 
= R 4.4.1 

Consider the particle displaced to a new radius, Rd. 

By conservation of angular momentum, if,ud is the new velocity 

of the particle, then: 

4.4.2 

The centrifugal force exerted by the displaced particle 

is then given by: 

2 
mud, 

= 4.4.3 

If the local velocity at the displaced position is u1 ' 

the local pressure gradient is given by: 



I 

2 
= f,u 1 

Rd 
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4.4.4 

For stability of the flow, the displaced particle must 

tend to return to its initial position, and therefore the net 

force must act in the direction opposite to that of the dis-

placement. 

i.e. 
m dP1 

> mR 2u 2 

f dRd Rd3 

u 2 
R2u 2 1 > Rd Rd3 

u1Rd ~ R,u 4.4.5 

There, for flow st~bility, the product uR must increase 

with R. 

It can be seen in Figure 4.2.2, that, for the majo~ity 

of the flow at station 3, uR decreases with increasing R. It 

should be noted that it has been assumed that all of the flow " 

at this station is turning with a centre of curvature corres-

ponding to the centre of the semi-circle which forms the head. 

This assumption is certainly valid close to the head, but may 

not be entirely correct elsewhere. Nevertheless, it is not 

considered that this would alter the conclusion that the flow 

is unstable, giving rise to a considerable degree of turbulent 

mixing. The results of Stevens and Fry(15) confirm that tur

bulent shear ,stress of a concave surface boundary layer in-

creases considerably at the flow negotiates a constant area 

annular bend. 

.' 
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4.4.3 RE-DISTRIBUTION OF FLOW DOVJNSTREAM OF STATION 3 

In view of the high degree of mixing associated with 

the unstable velocity profile at station 3, a rapid re-dis

tribution of flow could be expected downstream of this loca

tion. Given a turning arc of sufficient length this would 

result in a flow distorted away from the combustion chamber, 

in view of the direction of flow curvature. 

In addition to the effect described above, we must 

also consider the diffusion of the flow, which will tend to 

accentuate the initial distortion. 

The resultant shape of the velocity profile in the 

settling length will therefore depend upon the relative 

magnitude of these two effects, viz. diffusion and curvature. 

Figure 4.4.1 shows that when the flow to either inner or 

outer annulus is high, the pressure recovery between 3 and 4 

is considerable, resulting in velocity profiles in the 

settling length distorted towards the combustion chamber, as 

in Figure 4.4.3. However, as the flow to either settling 

length annulus falls, the instability of the head flow be

comes more apparent, as shown in Figure 4.4.2, in which, for 

the inner annulus, the fall of {u/U)R with increasing radius 

is more apparent, for the majority of the flow field, at a 

high flow split. The result of this is an increase of mix

ing at low flows, a consequential rise of loss (see Figure 

4.4.1), and rapid re-distribution of the curving flow, pro

ducing velocity profiles in the settling length distorted 

towards the casing walls, as shown in Figure 4.4.3. 

The plane in which the diffusion takes place has a 

," 
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significant influence on the mixing characteristics of the 

flow, as discussed in Section 4.3.2.6. A considerable amount 

of the diffusion in the outer annulus can occur circumferen-

tially, which is normal to the plane of velocity profile non

uniformity, unlike the diffusion in the inner annulus, which 

must occur entirely in the plane of non-uniformity. In view 

of the extra mixing which Viets(12) suggest would be associ

ated with the outer flow, it could be expected that loss 

'would be greater than that of the inner flow, although an 

improvement of flow uniformity in the settling length would 

result. These effects can be clearly seen from Figures 4~4.1 

and 4.4.3. 

4.5 DIVISION OF LOSS WITHIN THE SYSTEM 

Figures 4.5.1-3 show the percentage of the total loss 

which is attributable to the various regions of the diffuser 

system. 

It is clear that the majority of the overall loss 

occurs downstream of the pre-diffuser, particularly in the 

region between 3 and 4. Furthermore, except at ver.y low flow 

splits, when the inner flow field mass flow is high, a sig

nificantly greater prop0rtion of the loss downstream of sta-

tion 3 occurs in the outer flow field. 

The influence of dump gap, flow split and pre-diffuser 

geometry on the division of loss between the pre-diffuser, 

and the downstream regions of the system can also be seen in 

Figures 4.5.1/3. The adverse influence on pre-diffuser flow 

of increasing dump gap, changing flow split from the design 

value of 1.2, or increasing area ratio, is apparent, since in 
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all cases, the percentage of the total loss which occurs with

in the pre-diffuser rises. 

• 
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SECTION 5 CONCLUSIONS AND RECOMMENDATIONS 

5.1 CONCLUSIONS 

Low speed tests have been carried out to investigate 

the performance of a dump diffuser system of overall geo-

metric area ratio 2.0. The system was tested over a range 

of flow splits and dump gaps with fully developed entry con-

ditions presented to each of three axisymmetric pre-diffusers 

of area ratio 1.4, 1.6 and 1.8 respectively, and 120 included 

angle, the overall design flow split of the system being 

1.20. Further tests were conducted using the 1.6 area ratio 

pre-diffuser, with distor.ted entry conditions, and design 

flow split of the system 2.15. 

In addition to considering the overall performance, 

total pressure loss, static pressure recovery, and flow uni-

formity for various regions of the system were determined .• 

5.1.1 OVERALL PERFORMANCE 

The influence of flow split, dump gap, and pre-diffuser 

area ratio has been established, and the optimum conditions 

defined. By comparison of the results of this investigation 

with those of Fishenden(l), the influence of distorted entry 

conditions, and a change of design flow split for constant 

overall area ratio and combustion chamber geometry, have been 

established. 

The main conclusions are: 

(i) Optimum performance occurs at flow split close to 

the design value of 1.20, a dump gap (D/h2 ) of 

1.1, and pre-diffuser length (L/R1 ) of 3.5. This 
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corresponds to a pre-diffuser area ratio of .1.74, 

and overall length (Lov/R1 ) of 5.5. At these 

conditions, a pressure recovery of O.$is obtained, 

with a loss coefficient of 0.16. 

(ii) For any given dump gap, pre-diffuser, and design 

flow split, the optimum performance was obtained 

at a flow split of about 1.2. This corresponded 

to asymmetric pre-diffuser outlet velocity pro

file, and a symmetric static pressure distribution 

on the combustion chamber head. 

(iii) In view of the increased level of turbulence asso

ciated with the distortion of the entry profile, 

it.is not possible to isolate the influence of a 

modified entry velocity profile alone. However, 

the overall i~fluence was to increase loss at all 

operating conditions. 

(iv) Comparison of results obtained for overall design 

flow splits of 1.20 and 2.15 clearly indicate the 

need to match system geometry and design flow 

split. This should be done in such a way that a 

symmetric pre-diffuser outlet velocity profile 

and static pressure distribution is obtained at 

the design flow split. 

5.1.2 PRE-DIFFUSER PERFORMANCE 

(i) Optimum pre-diffuser performance corresponds 

closely with a flow split giving optimum overall 

performance i.e. S ~1.20. 

. 
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(ii) Reduction of dump gap improved pre-diffuser per

formance near the design flow split, but the per

formance penalty associated \'ii th off design flow 

splits increased. 

DIVISION OF LOSS 

It has been demonstrated that most of .total pressure 

loss occurs downstream of the point of minimum pressure on 

the combustion chamber head. This is due to the high degree 

of mixing associated with the rapid diffusion of a flow which 

is inherently unstable because of the shape of the velocity 

profile and direction of flow curvature. Generally speaking, 

the overall loss can be divided between the various regions 

of the system as follows: 

Pre-diffuser (1-2). 

Dump region (2-3) 

Settling length (3-4) 

• • • • • • • • • 

· ....... . 
• •••••••• 

20% 

20% 

60% 

However, the exact numerical values of the loss divi

sion depend upon dump gap, flow split, and pre-diffuser geo

metry. 

5.2 RECOMMENDATIONS FOR FUTURE viORK 

(i) Performance has been determined over a wide range 

of operating conditions for pre-diffusers of 120 

included angle only. It would be of considerable 

interest to examine the influence of pre-diffusers 

of larger included angles, and al~o contoured wall 

shapes. 

.' 
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(ii) Considerable loss is associated with the diffu

sion and curvature of the flow around the head. 

There is scope for a considerable reduction of 

loss if the turning and/or diffusion could be 

reduced. With this in mind, it might be of in

terest to conduct tests with various head shapes. 

(iii) In view of the current trend towards low pollu

tion gas turbines, there is a tendency to increase 

the percentage of flow entering directly into the 

primary zone of the flame tube via the head. 

Hence in any future work, careful consideration 

must be ,given to the inclusion of head porosity. 

(iv) It is clear that entry conditions can have a sig

nificant effect on diffuser performance. In fu

ture work, consideration should be given to the 

fact that fully developed entry conditions may 

not give a true representation of conditions 

occurring in practice. An attempt should there

fore be made to test with more representative 

entry conditions. 
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'Fig.1.3,l TWO TYPES OF COt-lBUSTION CHAt-lBER DIFFUSER 

SYSTEMS IN CURRENT USE 

SPUTTERS 

PRIMARY SECONDARY DILUTlO 

ZONE ZONE ZONE 

FAIRED SYSTEt-l 

--' - -
~f)-./ 

.q;. ~' 

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

,t PRIMARY SECONDARY DILUTION 

~ ZONE ZONE ZONE 

~ \ ~ """ \ tb;;',~ ~ ~ 
, \f£) "'" - :;:/ ~. -:;/'---' " 

PRE~DIFFUSER 

" , 

DUMP SYSTEM 



20 

15 

AR 
e'-4 125 

···~o 

0·9 

085 

08 
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Fi9.1.4.2 RELATIONSHIP BETWEEN KINETIC ENERGY 

FLUX COEFFICIENT AND BLOCKAGE FRACTrON 

1.6 PRE-DIFFUSER No. AR 
A 1 1·4 
o 2 1·6 
o 3 1·8 

1·4 

1·2 

1·01---__ .L-___ ..I-___ --L-___ --'-___ --I_---' 

0·1 0·15 0·2 0·25 0·3 0,35 

6 2"" ------t"'_ 

Fig 1.6.1 COMPARISON OF PRE~DIFFUSER AND ISOLATED 

DIFFUSER PRESSURE RECOVERIE~ 

06 

05 

04 

0·3 / 
/ 

0·0 O· 2 

/ 
/ 

/ 

0·4 

(2) 
- - - - SOVRAN AND KLOMP 

(ISOLATED DIFFUSER) 

P R E~DIFFUSE R 

0·6 0·8 1·0 
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Fig.-1."S.2 INFLUENCE OF INLET BLOCt<AGE ON DIFFUSER 

PER FORMANCE AFTER SOVRAN & }\LOMP.2) 
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INLET BLOCKAGE FRACTION. 

100r---.---1r---------r----r-------~r_--, 

BO 

60 

40 

Annular, M=2·0 

TYLER &.WILLlAMSON(7) 
./ Annular, AR=2.25 

. ',/ 
~, . :--. 

WOLF & JOHNSTON(B)/'" 

Two-di mensional. 
uniform/step shear, jet 
and wake flow at inlet. 

\' "'-\ "-
\ 
\ 
\ 

\ 
\ 
\ 
\ 

\ 

20~~~~~------~~~~L-------\~~--~. 
~ 00050'01 0'05 0'1 0'5 1'0 

INLET BLOCKAGE FRACTION, Bl 



- 76 -

Fig. 1.6.4. INFLUENCE OF ENTRY SWIRL ON LOSS COEFFICIENT 

FOR CONSTANT INNER CORE ANNULAR DIFFUSERS AFTER 

GUREVIC H(5) 
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Fig. 1.6.5; TOTAL PRESSURE CONTOURS IN ANNULAR DIFFUSERS. 
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Fig. 2.1.1 LAYOUT OF TEST FACILITY. 
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Fig 2-1-2 EXPERIMENTAL FACILITY. 

KEY 

(1) Intake Flare 

(2) Inta ke Bull et 

(3) Inlet Length 

(4) Inlet Stati on (1) 

(5) Pre-ditfuse r 

(6) Combustion Chamber Head 

(7) Head Rake 

(8) External Static Pressure 

Tappin gs 

(9) Internal Static Pressure 

Tappi ng s 

(10) Plenum Chamber 

(11) Traverse Gear 

(12) D I SA Dig ital Voltmeter 

(13) Furness Control s 

Micromanometer 

APPROXI MATE SCALE 

o 0·5 
Metres 



- 79 -

Rg.2.1.3 TEST RIG AND PRE-DIFFUSER GEOMETRIES 

LOCAL 

RIG et-

1. 

h 

, [TE ST RIG DIMENSIONS! 

RI h1/ RI h3i/ R h 3O /
Rt h41/Rt h4O /

Rt 
RH/- ARt-4 t . Rt m.m. 

DESIGN FLOW SPLIT '" S = 1·20 

234·9 0·162 0·333 0·117 O· 249 0·131 0·284 2·00 

DESIGN FLOW SPLIT S"':2.15(1) . 
2 34.9 0·162 0·231 0·231 0·162 0·162 0·284 2-00 

!PRE-DIFFUSER GEOMETRIES! 

REF. L/ h t ha' h 2 rp. ( AR t_2 
No. t 

1 1-897 1·400 12·0 0-0 1·400 

2 2·854 1-600 12-0 0·0 1·600 

3 3.806 1·800 12·0 0-0 H~OO 
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Fig.2.2.1 SETTLING LENGTH THROTTLE & TRAVERSE MECHANISM. 
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Fig.2.3.1 LOCATION OF INSTRUMENTATION 
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Fig 2.3.2 DETAILS OF HEAD RAKES 

fINNE"R HEAD RAKES I 
Yh m.m. 3.0 7.6 11.4 15.2 21.6 22.9 27.2 

PITOT PROBES 36.6 37.6 50.8 55.2 63.5 68.6 

Yhm.m. 
S TA TIC PROSES 7.1 18.4 29.2 41.5 61.6 

OUTER HEAD RAKE"S I 
Yh m.m. 2.5 5.1 6.6 10.2 12.7 15.2 

PITOT PROBE"S 19.0 22.3 25.5 31.2 36.8 38.2 

Y~ m.m. 
STA rlc PROBES 5.1 12.7 20.3 30.5 
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FIg.2.3:3 LOCATION OF STATIC PRESSURE TAPPINGS. 
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Fig 2.3.6 WEDGE STATIC PROBE 
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Fig.3.2.1 ENTRY VELOCI TY PROFILES 
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Fig.12.2 DETAIl.S OF THE SYSTEM USED TO GENERATE 
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Fig.3.4.1CALIBRATION OF PRESSURE PROSES AT INCIDE NCE 
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Fig.4.1.1 OVERALL PERFORMANCE'- PRE-DIFFU5ER No 1 
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Ffg.4.1.2 OVERALL PERFORMANC-E-PRE"-DIFFUSERNo. 2 
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Fi g.4.1.3 CV ERA LL PERFORM ANCE- PRE-DIFFU SER No.3 
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. Fig.4.1.4. VARIATION OF MAXIMUM PRESSURE RECOVERY 

AND MINIMUM LOSS WITH OVERALL LENGTH 
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Fig.4.1.5 EXAMPLE OF THE VARIATION OF INNER AND 

OUTER OVERALL PRESSURE RECOVERIES WITH 

FLOW SPLI T 
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Fig.4.1.7 DESIGN CHART FOR MAXIMUM PRESSURE RECOVERY (5=0.5-1.4) 

0.6 

1 
\ 

S:' 1.2/1.4 

0.5 \ 1.0 
1,8 

0.4 

0.3 

0.2 
-----CONSTANT FLOW SPLIT, S 

. . D 
-,----CONSTANT DUMP GAP, Iht 

-------SEPARATION LIMIT 

0.1L------L------l-----~------~------L------L----~~--~~~--~~----~0 
2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7. 



, . 

'. 

Fig.4.1.8 DESIGN CHART FOR MAXIMUM PRESSURE RECOVERY (5=1.2-2.2) 
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Fig.4.1.10 EXAMPLES OF PRE-DIFFUSER AND OVERALL 
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Fig.4.1.11 ~ENERAL FLOW STABILITY 
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Fig.4.1.12 OVERALL PERFORMANCE-PRE-DIFFUSER NQ.2 
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. Fig. 4.2.1 EXAMPLE OF THE VARIATION OF PRE-DIFFUSE'R 
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Fig.4.2.3 PRE-DIFFUSER PERFORMANCE-PRE-DIFFUSER NO.1 
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:Fig.4.2.5 PRE-DIFFUSER PERFORMANCE-PRE-DIFFUSER No.3 
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·Fig.4.2.6 PRE-DIFFUSER OUTLET FLOW DISTORTION 
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Fig.4.2.B PRE-DIFFUSER OUTLET FLOW DISTORTION 
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Fig 4.2.9 TYPICAL VARIATION OF PRE-DIFFUSER PRESSURE 

RECOVERY WITH DUMP GAP 
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Fig.4.2.10 THE REDUCTION OF PRE-DIFFUSER PRESSURE 

RECOVERY ATTRIBUTABLE TO LOSS 
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Fi9. 4 .2.11 PRE-DIFFUSER SEPARATION LIMITS (5::1.20) 
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Fig.4.2.12 PRE-DIFFUSER PERFORMANCE-PRE-DIFFUSER No.2 
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Fig.4.2.13 PRE-DIFFUSER OUTLET KINETIC ENERGY FLUX 
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Fig.4.3.1 PERFORMANCE PARAMETERS FOR REGION 2-3 -PRE-DIFFUSER No. 2, S·~1.20 
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Fig.4.3.2 HERrl H~NER PROFI LES 
FOR TEST SERIES 2-0 5 

~= 1. 20 
L Ol!:t, ~---'-----=====~-----r---~-----' 

0.8 
KEY 

G 8=0.58 

(it) 
(J 8=0.77 
() 8= 1. 22 
13 8= 1. 83 

0.6 (> 8=2.57 

0.4 

0.2 

o.OL-------~------J--------L~~~~--~~-~ 
0.0 0.2 0.4 0.6 0.8 l.0 

l.0 

~t:::===i1===Iii==i-i=~~'. F= ~ ill S=tJ 
13 IJ---&-IJ---IB-

0.0 

fJ [I El 

-l.0 

~2.0L---·----~------J-------~------~------~ 

0.0 0.2 0.1 0.6 0.8 l.0 

N-O OJSTRNC[ FROM C-C HERD , 



• 

ta) 

- 117 -

Fig.4.3.3 HERD OUTER PROFILES 
FOR TEST SERIES 2-0 5 
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Fig 4.3.4 SOME FACTORS INFLUENCING PERFORMANCE BETWEEN STATIONS 2 AND 3 
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Fig.4.3.5 KEY TO COMBUSTION CHAMBER STATIC 
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Fig4.3.6 . COMBUSTI ON CHRMBER' STRTI C PRESSURE 

DISTRIBUTIONS FOR DIFFUSER 1 

5"=1.20 N-O DUMP GRP: 0.5 

El 8= O. 71 [) 8= O. 94 
IJ 8= 1. '18 Cl 8= 2. 00 

N-O DUMP GRP: 1.0 

El 8=0.78 [) 8=1.03 
IJ 8= 1.51 t:I 8= 1.99 

N-D DUMP GRP: Z. 0 

El 8= O. 62 [I s= O. 95 
(] 8= 1. 60 Cl 8= 1. 99 

1.5 

1.0 

0.5 

0.0 

-0.5 

- -1.0 

-1.5 

1.5 

1.0 

~l 
0.5 

0.0 

-0.5 

-1.0 

1.5 

1.0 

~. 0.5 

0.0 

-0.5 .. ... 
Xc (IN~jER) Xc (OUTER) 

ep 

ep 

ep 

.' • 



- 121 -

Fig 4.3.7 . cm·mUST I ON CHR!'16ER' STRT I C PRESSURE 
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Fig.4.3.S 'COM[3USTlO"l CHAMBER' STATIC PRE5SURE 
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Fig.4.4.1 PERFORMANCE CHARACTERISTICS FOR REGION 3-4 
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Fig 4.4.2 HEAD STATION (3'j) VELOCITY PROFILE 
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Fig.4.4.3 S[TTLING L[NGTfl VELOCITY PAOFIL[S 
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Fig 4.5.1 DIVISION OF .LOSS THROUGHOUT THE SYSTEM 
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Fig.4.5.2 DIVISION OF LOSS THROUGHOUT THE SYSTEM 
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FIg.4.5.3 DIVISION OF LOSS THROUGHOUT THE SYSTEM 
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APPENDIX I DATA ANALYSIS 

Al.l DATA PREPARATION 

In order to provide data for computer analysis, the total 

and static pressures obtained from traverses at stations 1, 2, 3 

and 4 were plotted by hand, and smooth curves then drawn. 

Values were then read from these curves, the number depending 

upon the annulus size, and uniformity of the profile. 

STATION 1 2 3i 30 4i 40 

No. of points -
total profile 42 30-34 27 23 28 30 

No. of points -
static profile - 22-28 16 19 - -

Profile data, and key static pressures, with related reference 

entry maximum dynamic heads, were coded on punched cards in 

preparation for computer analysis. 

Al.2 COMPUTER PROGRAM 

A flow diagram of the performance analysis program, 

written by the author, is presented in Figure Al.l. Details 

of the principal symbols are given in Table Al.2, and a list-

ing of the program itself -is presented in Table Al.3. 

All performance and boundary layer parameters have been 

calculated according to the definitions of Section 1.4. 

Integration of profiles was accomplished by increasing the 

number of data points to 101 at stations 1 and 2, and 51 at 

other stations, by use of a tabular iteration sub-routine 

.' 
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employing a second order curve fit between consecutive sets 

of three data points, and then using trapizoidal summation. 

It was found that no loss of accuracy over more sophisticated 
I 

numerical integration techniques was incurred in this way. 

Further programs were used for the purpose of obtaining 

computer aided graphical outputs of pressure and velocity 

profiles, and wall static pressure distributions. As well as 

providing a convenient way of displaying information, these 

graphical outputs provided a good check on the raw experi-

mental data. 

• 
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. Fig.Al.l FLOW DIAGRAM FOR PERFORMANCE ANALYSIS 
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TABLE A1.2 

A 

ALPHA 

ANH 

AR, ARAT 

AREF 

CP 

CPW 

DIFF 

DR 

DSTAR 

LAMDA 

TMASF 

NTP 

NSP 

N'fAB 

PS, PSTAT 

PT, PTOT 

PWALL 

Q 

RMAX 

RUBAR· 

RS 

RW 

SPLIT 

SUM 

THETA 

U 
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LIST OF PRINCIPAL SYMBOLS IN ANALYSIS PROGRAM 

area, A/TT 

annulus height 

area ratio, AR 

effective area ratio, ARe 

'" pressure recovery, Cp 

local wall pressure recovery, Cpw 

pre-diffuser reference number 

step distance 

'" 
loss coefficient, I. 
mass flow, m 

number of total pressure data points 

number of static pressure data points 

number of points generated by tabular iteration 

static pressure, p 

total pressure, P 

wall static pressure, Pw 

dynamic head, q 

radius at maximum velocity position 

ratio of mean velocities (e.g. u1!U2) 

radius of dividing streamline 

wall radius, r 

flow split, S 

integral sum 

e 

velocity, u 
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UBAR mean velocity, u 
UMAX maximum velocity, U 

Subscripts (last character(s) of symbol) 

1~ 2 entry station 

3, 4 pre-diffuser outlet 

5, 6 settling length inner annulus 

7, 8 settling length outer annulus 

9, 10 head inner annulus 

11, 12 head outer annulus 

M relating to complete annulus 

SM relating to flow up·to maximum velocity point 

SS relating to flow up to dividing streamline 
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TABLE A1.3 LISTING OF PERFORMANCE ANALYSIS PROGRAM 

IOR q'02.B.K~G1752 
JO'lC('\;{F )ooon 
l UnJR1'RAN 
r\I)I,IN 22 
~~Pl~ Pl~IN rArER 
IIUN •• 25110 
VOI.UIlE ;'">00 
**.* 
r'orUIlF.NT ~OUPCF 

lInRARY (EP.sun~PoUP1JSUa' 
PkfJr,RAfl(flSOZ) 
I NOlJT , '" eRO 
OUTpUT ? '" LPQ, 
OlJ 7 PIJT 4 .. CPO 
Tll~C~ ? 
tl~ n 
r~ASTER OI'Al-lt(10 
C A I. L L! 11 r II P ( 1 20 • 4 • , • 2 ) 
R [, to L L MW A 1 2 • L .\ 11 h A 1 I. 0 • tAt, [) A 1 2 I , LA H D A 1 4 I , l A M D A 1 4 0 • I,A 1-10 A 1 4 • 

1 l.MI~A;>4. LIIIID/I?"I. !.AI~J)A21.0 
RE'\L l.\I1[),\Z3. L \llr'A?'sO.I,M'I\A23!. LAHf)A13.l~MI)~130. 1 ",.Ir,A\ 31. LllilO .. H.' 

1 LAII[)A~4!.LAHDa3~o 
D 111 ENS TOil PS Ii I " n 1 ) , IJ N n 11 T (1 0' ) 
DlflEtJS10N IlIH~t\R:;"('I.) .<:~1(101.12} 
f) III Etl 5 TON T iI F. T AIIf 1 ;> } • T 4 ( T A S M Cl 2 ) • T ~ ETA 5 5 <1 ? ) • QH T C1 ? ) .cl M S (1 2 1 • 

1 R \J .. 1 ?) , At.Jfl( 1 ;» • l> P. (' ~) • N n' (1 ?) • N S P ( , 2 , , N T A. [l'" 2 ) • V T ( S c. 1 2 ) • pr: 5:, • 1 ? . 
2 • p <; ( ') 0 ' 1 ;» • i' W A l ~ ( , ? ). P T T ( 50) , v T " ( 5 I) • N T A 'HI ( , ;> ) • R r~ .\ I( ( 1 ? '. U (I (11 • ~ (', • 
,1 R S ( 4 ) • :! T .\ B S ( 1 2 ) • y S T ( SO) , ;, S T <' 51) , VEl ( 1 01 ) • Q ( , 0 1 ) • 11 N [\ { 1 ;\ 1 • , (: ) • 
4 PP A'R ( ~ 0' ) .1' S TAn ( 1 0 1 ) • Y Tt. B (1 0 n , PTO T ( 1 () 1 , 1 7. :' • p ~ TAl (i '11 " l). ' 
5 Q IJ ( 1 01 ' 1 ?) • UIl t. ~ ( 1 <,) , ~ U' H MH 1 2l • A 1_ P 4 A ,M (1 ?) • .\ l P H A <:; 5 11 ~ \ , H M ( , ~) • 
611 S ~ ( 1 2 \ • "51'll 1 2) • [) ~ TAP rH 1 ?l • 0 S TAR ~:~ ( 1 n , D <; H" ~ S f1 ? 1 • lJ 1'10 RN ( , ;' ; , 
? U n.\ R !; J.l • ,;> ). LJ 11 A R :; ~ ( 1 ~ \ • S Un C1 ) • 1 2 ). S 1Jt1 p ( 3 • 1 n . T'" A S ~ ( 1 2 I • ~ N A S ~ ( 1 ;, I , 
11 r. p ~ (1 2' , r P ( , 2) • " ( , () I , 1 ?) " R (HI A R ( 1 ?) • RI J £I A R S ( , ? ) • ~ ( 1 ?) • SLIM 1 ( ., ?; . 
Q S U:13 (1 ?) .A S rH 1 2) , ASS n 2 l • C p 11 ( 1 ;» • V HI-! A X (1 ? ) • Y S ( 50 , 1.:1 • lIH A X I 1 ? ' 

nH[)(L700) MDH 
7(1) fOfllIATlIn) 

WR!TE(4,720) MnlF 
721' fOPIIAT (lS) 

DO 701 NOD=1.MDI~ 

KEV"O 
RE ,\ 0 (1 • 7(2) 0 1. FF ' A ~ 1\ T • Atl r, • MD IJ '1 P , 

70? FOPII"T~3FO.Il,IfJ) 
IJRTTE(I.,?C'1> ot~F.~HlIIMr 

?2' FORllAT(F10,,.,IS) 
DO 704 IUD=1,f1')I)f-'p 
PE~D('.71'5) MTFST,DPR 

7v~ FO"IIATC!O.FIl.;)) 
UWITFC'.?21> MTf~T.DOR 

72~ FO~ll."rl~.f10.1.) 
[lO 7{)(, N~D"1 ,Hlr,,, 

• 



R L\ [) C1 • 7 n 7) K (l r) • K Br, R Q A 
10 7 ~0r>IIf\Tr2,1). rO. fl) 

!'EAOn .20) Qlll.HrW,RARo 
2<' FORIMTl3fO, () 
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, Il F. 4 0 (i • 5 ) e'l M T C J ) • J'" , 1 2 , 2) • Im S (1 ) • OM S ( 3 ) , Cl 11 S (0 ) , OM S ( , 1 ) , 'HI P 
'i FOHHAT"1FO.O) 

[10 6 J"1.H.? 
!FiKr.V En.1.ArJ~ .. I.E'l.1l·r.0 TO {, 
P f ,\ Il (1 • 2 (. ) i( IH .J •. R 'A (J + 1 ) , N T P Cl ) , !l S P ( .I ) , N T A f! , J ) 

2f, r<J'1rIAT!UO.O,3r,·j\ 
IF(KFV F.O.1)GO 1010 
1l[\fJn .8) (YT(1 ,,!) .I=1dPPCJ» 
If" J . G'" .~ .A N I'J •• 1 • I, r • 11 ) GO TO 115 
REAIlt1.Il) (Y5(I,.I).1=1dl',P(J» 

8 For"AT (11)0fO.O; 
1" r:O'~TTfJl!E 
I!'; 11 L~ Il (1 .9' C PT (I "I ) • I:: 1 • N' P ( J ) ) 

IF(J.GT.3.~UO.J.I.T.H) 60 TO 6 
11 (foil (1 .9,' C pS ( 1 •. 1) ,j,., , N S P ( J » 

Q FOQHAT ~10nFO.O) 

(, r:OI1TIII"E 
11 E '\ 0 (1 • 11) (P WAd, <-' ) , J '" 3 • 1 " , 2 ) 

l' ForHAT (~FO.O) 
IlR1TF(:',31 0 ) 

'YRITF 12.4) I'Jnq.ANAr,ANG.~nO,KRl,RoA 
4 fO"flAT (10X,61H., ••• ·., .. •• ..... * ... • ..... TE~T R'IG GFo'~rTRY ..... , ..... '."' .. 
'**.*** ..... /10K.1~ •• ~OX.nl .. I'OX.H' •. 15X.?3H N-fl OOM!' GAPCIl1tJR' " 
2F4.2.i7X.,~./10~.1H·.5QX.1H.I'OX.31H. PRE J'FFU~~P l AREA IIA'rln : 
3 ';:4.2.1('1i INCl'J~r" Afl(;LF=.F/ •. 1,7t1nFr;. * ";'X.1tl+,~'i)(.1tl"l1!i'( • .s'H. 
4 'lLOCI'A(;(Olor-I): T·~r.OTTV NT .. n,1i". ~ IN'~f;l1 l\'I"lJl.ll~ •• LL'ld '( 
5"/~ox,1H •• 5\JX.'.I.n'JX,1tI',15Y..23H APPROX. FLOw ~"lIT " ,Ff .. 2.1i'X. 
6'H."OX,1H·,59X,1H~/~OX,~1H*.*~**~~*.***~~~+··.*.·+*.* •• *~~'-*~~~+~ 
?*~*.*+**.~.** •• **·~.*II) 

. PIN=RA r o.',12*QI/I/13 6 
I!HI)ST::'.;l22 
RHI)R=P'N·~R8./70n./rfHr 
RH I) .. R 11 0 ST. ~ dO P. ' 
VlSC=O 00001455 
V 1 ~:" 5 Q R T ( 1 <) • 62 • q ! N I ~ HO) 
PH=RApn/76 0 • 
REnH=3.0·D.0254·VI~JVl~C 
IJRITr 12.7) VI",PFOH.TfH~.PR.RHOR 

? FORIIAT C15x.26'i 1Nl ET r·IA'lMUM VElOr/TV ",Ff,.2.8H M/sEC./15x.;>o>1 
'INI,ET RevNOLOS' Nu~n~R " ,F7.0,6H (~-D)/15x.;l6H AMRIE~T TFIIPE~I 
2TURE ",r6.1.8H nEb.K./15X,26H AMnlENT PRESSURE ~ATIO ~ .f6.3,'" 
3 !p/P-I~A)/15x.76H RIG Al~ OFNSITY RATIO ",F6.5."~ (D'D-ISA1, 
4/1) 

~ 9R:Nr. TOTAL ANn ~T~rTC P~E5SURFS IN LINE 
00 12 .1=1.3,2 
DO 1 3 ,,, 1 , ~J S P ( ., ) 
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. PS ( I • J 1 = J> S ( I • J ) .0 rH ( J) I Q MS (J ) 
13 CONTTflllE 
1? CO!IT rtl'IE 

00 600 J,,9.1?.2 
00601 1 .. 1oijSP(J) 
PS(I.J\=pS(I.J)·QI1T(J)/Q~S(J) 

601 CCPIT HIIIE 
('on CO'ITl flUE 

r OBTAIN !lTAR DATA POINTS FROM tlRIGIOflhL D4TA USING ~/R TAB.IT 
M();/1l=2 
DO 14 .I:01.12,?. 
AflH(J)=RW(J+1)-RWCJ) 
Dq(J)=ANH(J)/(rIOAr(NTAB(J»~1.0) 

00 ? 7 ! =, . IJ T P (./ ) 
PT7(1 )"pT( 1 • .1) 

VT1"(T)"VT(I.J) 
27 C:;OtJy!flUE 

00 ?1I 1=1.NSPCJ) 
IF(J.GT.~ •• HO.J.LT.8) Go TO 28 
pSTC!I"p~(j ,J) 
V5;(!)=V~Cl,J) 

28 ·COtlTlfWE 
,0 0 15 1:1,NTABIJ) 
VTArlC1 ):0.0 
C A I. L T '<£11 T (V TA i: ( I ) • P TT A ~ Cl) .t~ 0 R fl • "T P C J ) .V TT, PT Tl 
IFCJ.GT.~.A~O.J.lT.H) GO TO '6 
CALL T~BIT (VTAnfl),PSTARCl).HORn,NSPCJ).VST.PST) 
GO TO •. , 

1 (, COIIT If,IIF. 
1 7 CO~ITTt'''E 

IF'J.GT.~.ANO.J.LT.d) GO TO 1i1 
QCT)=pTTAnCl)-PSTAB(I) 
GU TO '12 

111 Q(l)=PTTAG(I) 
112 IF (Q(I).LE.O.) GO fO 18 

VEl(I)"SIlRT(Q(I) 
GO TO , 9 

1~ VEI.(J):::O.0001 
1 <: r.OflT! fllIE 

VT'n(1·1)aVTAn(i).D~(J) 
15 r.OflT I NilE 
3:". I'" 
1,('. ~lAX" 1 

VE ,""vr L (j1,\X) 
c: rlflO!: ('OlNT OF /lAX Vl'lOCJTY 

21 [) I r"'lE I.II-VE L< J +1) 

IF (oJr) 22,22.23 
22 J;;I+' 

IF (r.~E,NTAB(Jj) ~o ,0 ~4 
(,0 Tf'l 20 

.' , 



c 

r. 
e 

r. 
r. 
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23 1=1.1 
IFII.GF.NTAU(J» GO TO 24 
liO TO ;>1 

24 CO'ITIIJIIE 
nRING 'LL PRE~~'JAE~ TO SAME REFERENtE (lE Q AT TIMF D~ INLET TnTAI 
OD 2~ !K .. 1.tJTAf\(,I) 
UNn(!K.J)::VEl(T~)/VtlM 

3 7 pTnT(IR,J)~PTTAil'I~)·QHr(1)/aHT(J) 

QUIIKIJ)"Q(IK)'~MT(l)/~H'(,I) 
JF' ( J . G T • ~ • ArIO • ,I • L r. <!) GOT 0 1 2 (1 

PSTAT(TK.J)=PST~n('()*nHT(1)/QHTrJ) 

120 COfJT"!!'F. 
2~ CONTlIH.l~ 

CAI.CIIL~H N-Il ve'OCITy PROfILE 
VE ',II~X I J) "'VElM 
I1 1'.\ nl1 (,f) "MAX 
lIT :'nll (.I +1) "lIT An (.1) -tJTARll 1.1) 
RMAXIJ)=RW(J).Fi.OAT(MAX-I)*DRCJ) 
IF (.I.I.T.3) GO 10 j:. 
PW~LI.I")~PWAL(J).~MT(')/aHP 

1/. COflTlIJlIF. 
AT THl~ ~TAGE WE HAVF. H-" VELOCITY PROFILES. TOTAL AND &TATI~ 
pR~SSI,qE PRO~ILES (~HD.PTOT,PSTAT). ALSO DY~AMIC HEAD PROFILE~) 
\.IRTHI?,~(l) 

30 FOPllhTl/l36X,3111 vF.~OClTv AND PRFS<;lIPF. PRO~JLF.<;/1'1x,Q61i INtET 
10UTI.r-T ~/I.INNr:,< S/lOlI/'FR UEA[) I ilEA" 0 p1 
2 PH! PHO/) 

00 37. T=1.NTAB(31 
\.I R ! T r: 1 ? , '1) lJ N f) ( I • 1 ) • IJ N D I I • 3 ) • UN [) ( I , " ) • UN D ( I , 7 I , 1I r.; D ( , • 9 ) , LI N D ( 1 , 1 1 ' 

1 , p ~ T.\ i t I . , ) , PS T il r ( I , 3) I l' 0, TA T< I ,9) , pS TAT (l , , 1 ) 
31 FOQ~ATI1~x.6F,n.3,4F10.ZI 

32 r.O'lTIIJlJE 
CO~VFRT TO REAl, VElUCITIFS 
1)0 34 ,1::;,,12,2 
UII!. X ( J ' ::; 1/ F 1.11 A X ( J ) • ~ 'I R T 19 , B 1 * 2 • 0 I RHo) .. S Q R T (Q!H (1 ) I fJ"1 T (J ) ) 
1)0 3~ J=1,NTABrJ) 
U ( 1 ,."" IHI [) ( 1 I J) "JI1,A ,q J ) 

35 COIITT NilE 
3t. CO'JTlIJIIE 

CAI.CIIL~TF MASS ~'O!./ PIITE, Al EACt! ~TATtON UMA~fI'2PI"PH(lIq[1R)""~( 
ANn ME~N vELOClrtE~ runA~2 2PI"INT(URDR)/AR~A ) 
CO~'IST=( •• 7.832 
Oil 97 .1=1,11,2 
A 1.1 ) " R 11 ( .1 • 1 ) .... 7. ~ R IJ ( ,I ) .. ~ 2 
CA l. L PI H G I{ A L (',. 0 , III A B Cf ) , R IJ (J ) • R ~f(.1 + 1 ) , S U :-J' 1 J ) , U , , I) 1 I 11. • 'H ( j I • ~ \ 

1 (Jl ,1.',f),'l,J) 
TM~SF(,I)=SUI11(J).cON~T.RHO*(2S.4/1000.0) .. *2 
11 B " R ( J ) :: c: U 111 (J ) ; ,\ ( ,J) .. 2 • 0 

97 CO'IT! NIIF. _ ( 
SI'1.1T=TIIAS~(7) I, HA';f (5) 



. 111 flO= 1-17 All (11 ) 
Nn I',"TAI\ (9) 
00 106(, 0:''1 rlHMI('}) 
PSI'III~)"P~TAT!.~,?) 
IHHlII I (! iO o::llilO (T K. Q) 

100(, COllTltltlE 
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r: F I tI fl "0 R rE X B 0 :H: D·\ ~ V AT H F. A D 
1\0 900 J=9,12,2. 
l=1 
AN"(J'=RW(J·1'-NW(J) 
n=7..o 

90/. CAI.L ItlTI'Gllf.L (1.L,NTAO(.I).R\.I(J).R\.I(J+1).SIJI11(.l).lJ,l'l,,'2.f)~{J).R> 
1 (J).1 .0,o.0,J) 

T 11/1 S F ( .1 ) "s lIi 11 ( J ) • C 0;t ~ T ~ R 'j 0 * ( 2 ~ • 4/1 000 • 0 ) "*.! • 0 • 361', 
1f1.I.EO.11' GO TO QV, 
tFIR.GT.1.5) Tf':II=TI1~SF(I) 

ERR1 =Tfo1ASF(1) I (1,0.')1'1 IT)"THASF (.1) 

iiO TO /)0;> 
001 ern'1 = T I.' A sF (1 ) • ~ P LIT I 11 . ° + S P LIT> - T 101.1\ S ~ (J ) 

IF ( n . G T • 1. 5) HI iI 0:: Tl1 A S F Cl ) 
QU7. C;O'JTTIWE 

tF(n.GT.1.5) GO TO ')03 
IF I ER";> , r. i. 0 , 0 . MI D • f. R R 1 , IT. 0 . 0) Cl 0 TO 905 
IF~ERR;>.IT.O.O.AND.ER~1.r.T,O.O) GO TO 90S 
IF(ERR~,~T,D,O.A~D.E~R1,GT,O.0) GO TO 905 
CiO TO QO-.; 

005 COilTltJllE 
IftARSCERR1).LT.AAS(ERR21) GO TO 91)7 
tF<.,,[().9) L=LI. 
IFIJ.EO.O) RW(J)~R 
IFIJ.EQ.11) RW(J+1)~R 
lIT .\n (J 1=N 
!;UIl1(J)=C; 
TMf'S F (.1) "TM 

907 COUTlfHlE 
A(J)~RW(J+1)*·2-RW(J)**Z 
UOAR(J)Q~UM1(J)/A(J).2.0 
IFIJ.EO.Q) PN=L 
CiO TO "00 

903 CONTlNIIE 
ERR2"EI1R1 
N IQ fJ TAB ( J ) 
IF(J.fO,9) LL=L 
1 F(J • E Q • Q) L Q L + 1 
IF(J.EO.9) R"RW(J) 
rF(J.EO.Q) RW(J)~RW(J)+DR(J.) 
IF(J.EQ.11) R=R\.I(J+l) 
IF(J.[Q.11) RW(J+1)~RW(J+')wDR(J) 
S="UI~1 (J) 

TlI"TMA$F(J) 



·n=1.0 
GO TO /)04 

900 COI/TtNLlE 
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C RE-onlrNT INNER HEAD pROFILE 
NTAR(Q':rNTABIO)-PN+' 
00 1100 IT=1,I/T,\B(9) 
IS"IT+PN-1 
III)T,9'=1I11S,9' 
IIl1nIIT.O)=UNOIIS.9) 
PSTATCIT,9l=PSTATClS.9) 
PTOTCIT,Q)=rTOT(IS.Y) 
QU«(T,Q)cQU(ls.n) 

1 1 01) COIIT' IItIE 
C CHECK 0N COl/T1NIIITY 

CORRH1=THASF(1)/THASFI3) 
COI~RH2"TI~ASf (1) I CTI1t\SF (5) +TMASF (7)) 
CO~RM3~TMASFll)/(TMA5F(?)+TMA5F(11)' 
( R R t·I 1 " ( T H A <; F (3 , - Itl ,\ S F ( 1 ) ) / T HAS F 11 ,., 00 . 0 
F R 11,,;> = IT r~ A <; F I 5) .. Tf.1 ~ S ~ ( 7) - T M A SF I 1 ) ) IT HAS F I 1 1 ., 00 • 0 
I' R IHn = ( H1 H I + TlI 11 11 .. T" ,\ <; F 11 ) ) / Hl AS F <1 ) * 1 00 • 0 
ERRI121=ITHASF(5)-TMA<;F"l/11,O+SPLIT»/TMASF(1).100,O 
r R R 11? 0" ( T I1A S F ( 7j _ Tf1A <; F 11 ) * S P LIT I (1 , 0 + S P It T ) ) IT M A ~ f t1 ) .. 1 00 • ,) 
F. R Jl H 3 I " (T I~ H 1 - TIt A ~ F Cl) I (1 . 0 + S P 1.1 T> ) / T M A S F ( 1 1 • I ,) 0 . 0 
r R 11Il3 0" (HI H 0- HI,\" F ( 1 ) * S P I J T I ( , , 0 + S P LIT) ) IT H AS F ( 1 ) • I 01 0'. 0 
IISPl.t T"TMHO/TtIH 1 
~HnTF(2,38) 

311 ~ORliAT( 1/1130X, ,6HCONT INIl! TY CHEC~!l31 X,1 5H~1ASS F lmlS KG/~/i.5x, 761 
'IULET OUTLET s/LINNEP S/LOUTFR S/lHrAN HfAn 1 HElD 0 
I 11 (AI') I·IEAN/) 
THASF3~THASF(9)+TMASFll') 
TH ASF4=TMASF(S)+TMASFI7) 
WR 1 T F (2. 3'1) (T 11 AS F ( J) ,J::: I ,8 , 2 ) , rt1 AS F 4 , T HAS F (9 ) , T M A· SF ( 11 ) , HI AS F3 

39 FOPIIAT!24X,2F8.3.6F10,3) 
WRITF (2,1,0, 

40 FOI1I1ATtVX,/34H PERCf:NTAr.r ERROR (gA5ED ON INLETl/) 
WRITE I?, I,,) ERQlll, f'Rf171, ERRM"O, ERqH7, ERRM31, EQR~130, ERRM3 

4' FDRtlAT(30X.7Fl0.3) 
C CORRECT VELOCITIF.S TO SATISFY CONTINUITY 

DO 90 1=1,N/AR(3) 
U(I,]>=Url,]).CliRRHl 

90 CDUTtIIIlE . 
DO 91 1,,1,NTABes) 
U (J .5) '''' (1,5) * COR R'I2 

91 COIITlIIIJE 
[l0 11S I=1,NTAB(7) 
U ( I .7)" \J ( I ,7) • COR R 'I l 

115 r,OtITlIWE 
C CORRECT MEAN VELoClrlES TO SATISfY CONTINUITV,AlSO MASS FLOWS.MAY 

UI1.\R(3'=\I!JAH(3> ,CORRfl1 
UnAR(5)=UBARIS)~CORRH2 



UElAR (7) =IJOAR (7). Co~ RM2 
THA~FC~).THASF(l' 
TMASr(5)=THASFe5)'~UQRM2 
TMASF(7).TMASFe71.CUppM2 
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lJ [I A R 113 " ( 11 G A It ( Q ) • A (Cl ) + U (\ ARC 11 ) .. A (1 , ) ) I ( A (? ) + Id " ) ) 
UBARH4=(lJBA~(5)·ACS)+UnA~C7)·AC7»/(A(S)+AC7» 
Ut1'\XC3'''''H'1''X(3),COR~M1 
UMAx(5)=UMAX(S)·COA~M2 

lJHAX<7l=IJf~AX(7) .r.OR~M2 
WRITE(2,~6) (UHAXCLM),lM=1,12,2) 

36 FORHATCll1X,20HH.X VELOCITIES M/s ,4F10.3,10X.2F,n.3./) 
WRITE(?,42) UOA~C'),UBARC]),UBAR(5),lJaAR(7),UBARM4,UaAR(9),UOAR(" 

1 ) • "OAlnl] 
42 FORllATC!l1X,20HIIFAI>l VELOCITIES M/S ,1lf10.3) 

WRITr:(2.47) SPL;T,HSPLIT 
47 FORllATCII/37x,F5.].15H (RASED ON S/L>,/15X,2?HFlOIJ SPLIT RATIO (5; 

, =./37X,r5.3,16H (BASeD ON HEAD)II) 
C FIND S-s AT P-O INLET ANn OUTLET 

DO 44 J=1.3,2 
2=2.0 
RSeJ):CR4(J+1)+KwCJ»/2,O 

9 3 CA L l JlJ TF G R ALe 1 • 0 • N TAB S ( ,I ) • R W C J ) • R S ( J ) , S IJ M 3 (J ) • U , , 01 • 1 2 .I) R C J ) , R './ ( , 
1),1,O,O.O,J) 
. Sl1hSF(J)=SUI13eJ),C ON Q*RJlO*(7.5.4/1000.0)**2 
SHASF(J+1)=TMASF(J)-SMAS~(J) 
PS P LI T:: S M AS F ( J +, ) IS 11 A S F (J ) 
ERQ=SP1.\ T-PSPLI T 
!FCz.GT."O) GO TO lS0 
NDIF=JABseNTAB5J-NTABSCJ» 
JFCN6IF.FQ.0) ~() TO 154 
IFCNOIF.GT.1) G0 TO 150 
IFCf;RR.GT.O.O) GO TO 151 
IfCERR1.IT.0.0) GO TO 150 
GO TO 152 

15' IFCERR1.GT.O,O) GO TO 150 
152 JFCARSeF.RR).GT,ARSeERR1») NTAnS(J'cNTABSJ 

JF(ABSCERR).GT,ARSeE~R'» RS(JJ=RSJ 
GO TO 154 

150 z=o.o 
ERR1=EQR 
NTAB!;J=NTARS(J) 
RSJ=RSCJI . 
RSCJ)=nSCJ)+(THASFeS).SMASF(J»/TMASF(J).(RW(J+1)-RW(J» 
GO TO Q 3 

15/, r.olIT J flUE 
45 CONTINUE 
4 /• CO'lTPllJE 

YRITE(2,Q06) RS(1).NTAnSC1),RSC3)'NTABS(3).~W(9),NTAa(9).QW(17),N· 

1A6(11) 
906 FORltATI1/10X,4tIHFlIo/AL ITTERATION RESULTS FO~ SS AND VORTEX LIMIT, 

, 



r. 
e 

c 

c· 
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1,OX,27IfS/S-VORTEX LIMIT NO Of PTS,/5X,10HINLET ,f6.3,10x.14.1 
25X,10HDUTLET ,F6.],10X,/4,/5X,10HHEAO I .F6.3,10X,14,/SX,101 
3HEAD 0 ,F6.3,10X,14) 

FORM IHTFGRALS Of u,u.*2.u.*3 
MEAN PROFILES,PNOFILES SPLIT AOOUT MAX VELDC1TY AND S-S 
110 100 J,,1,1Z,2 
IlOC)l,1=1,3 
CA L L 111 T F G R ALe I ,0 , In A B <J ) • R IJ e J ) , R W ( J + 1 ) , S ut-! Cl , J )' , UN l' , 1 I) 1 , 1 2 • [\;1 ( J ) , 

1RWIJ),1.0,O.O,J) 
CA l. L III T F G R A L ( I • I) , ~H A n 1'1 ( .J ) , R IJ ( J ) , R I·, A X e J ) , S UrH ( 1+:3 I • J) • UN {l • 1 (11 • I 2 • 

1 D R ( J ) , ~ 11 ( J ) , 1 • 0 , 0 • 0 , J ) . 
CALL IflTFGP.AI.(I.IH~UN(J) "HMU) ,RHAX(J) ,RW(J+1) ,Sl)l1( (1<6) .Jl.U'!D. 

1101,12, PP. (J), ,n1';Y (J).1 .;l. 2.0, J) 
IF(J.GT.:3) GO TU 94 . 
CALL INTrGRAL(r,O.NTARS(J),RIJ(J),RS(J),SUN«1+9),J),U~D,101 ,1? 

lDR(Jl,PU(J),1.0,O.O,J) 
CA l L I IJ Tr: G Q A I. ( I • N TAil S e J ) • fH A 8 ( J ) • R S ( ,I ) , R W (J .. l ) ; s LJM ( ( I + 1 2) , J ) •• ) N l) , 

1101,12,[)ReJ),R5(J),l,O,O.0,J) 
'14 COllTlIWE 

100 CO:'JT I IllIE 
DO 101 J=',1?,,2 
CAlCUL~T MEAN R/l PARAMETERS 
nSTARlItJ)r:ei\eJ)/Z.O/RW(Jl_sUM(1 ,J) fRt./CJ».100./ANH(Jl 
T~ETAHrJl=e5Ur1e',J)-SUH(?,J»/RWeJI*'OO./ANH(J) 
HHCJ)~DSTARH(J)/rHETAM(J) 
UOARM(J)=2.0*SIlIIlI,J)/A(J) 
ALPHAMIJ)=2.n.SUN(3,J)/A(J)/LJnARHeJ)**3 

101 COIJ-rINIJE 
al L PARAI~ETERS SPL I r ABOllT MAX vnoc ITY PO I NT 
DO '02 J;;'o1Z.2 
ASH(J)=RHAXeJ)··7-Q4(J)'*2 
AS!leJ+1)=RW(J+1) •• 2-RMAXIJ,**2 
IHJ,\ n S I1 ( J ) = 2 • 0 * S ~JH (I, , J ) I A ~ ~1 ( J ) 
IJ BAR S 11 r J + 1 ) = 2 • 0 • ~ UII( 7 , ,I ) / A 5 11 ( J + 1 ) 
DSTARSHCJ)a(ASH(.I)/~.O/R4(J)-5Ufl(4,Jl/Rt./(J»*1nO.O/ANH(J) 
DSTARSfle.I.1)=eASII(J+I)/2.0/RW(J+1)-SIIMC7,JI/RW(J+1l>'100.0/ANH(J) 
THETASHeJ)=(SUH(4,J,-sUllr5,J»/RW(J,.100.0/ANH(J) 
THETASt-!eJ.1)=(S~He7,J)-SUH(8,J»/RW(J+l).'00.0/ANH(J> 
HSHeJ)=nSTARSf1(Jl/THETASH(J' 
HSIIC.I+1 ) .. OSTARSIHJ+1) ITHOASM(J+I) 
AI. P" ASH er ) "2. o. SliM (6 , J , / A ~ M ( J ) /lHl A R S M ( J ) .. 3 
A l. PH A S 11 (J + I ) ,,2 • ,)0 s IJ~I( 9 • J ) I A S f1( J + 1 , IIJ R A R S H (J • I ) .. 3 
IF(J.GT.') .GO TO 10l 
B/L PARAMETERS SPLlr ABUUT S/S 
AS5(J)=R~(J)··2-HW(J)**2 
ASS(J.')=RW(J+1) •• 2-RS(J)·'2 
UBARSSIJ)=2.0*SUM(10.J)/ASS(J) 
UnARSS(J.')~2.0'~UH(13.J)/A5SCJ+1) 
OSTARS~eJ)=(A5S(J)/l.O/R~(J)-SUH(10,J)/RW(J»*100.0/(QW(J+11-AW(Jl 

1> 
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- D S TAR SS ( J + 1 ) " (" :; q J + 1 ) 12 . 01 R 10/ (J + 1 ) - S OH ( 13 , J ) I R 10/ (J + 1 ) ) .1 00 • 'l 1 ( Rio/Cl ' 
11) -R~IC J» 
THET"S~(J)=(5U~('O,J)-~U~(11,J»/Rw(J).100.n/(RW(J+')-RW(J,) 
THET"SS(J.l)=(SUM('5,J)-~UHI14,J»/RUIJ.l).'00.0/(RW(J.1)-RIo/IJ') 
HSS(J)=DST"RSS(J)/TH~TAS~(J) 
HSS(J+1)~DSTARS~(J+l)/THFTASS(J+1) 
ALP HAS <; ( J ) "2 • 0 • ',1nl ( 1 ? , J ) / A <; S ( J )/ll BAR!'; S ( J ) ... 3 
ALP HAS ~ I ,I + I ) ,,2 , O. S 1111 (1 5, J ) 1 ASS I J .. I ) I U BAR S S I J+ I ) ... 3 

102 COilTIfllJE 
C WRITE ~LL B/l PARAMETERS 

WRITF.(?,,'0) 
IJRITFI?,103) DIFF,DiJR,SPI IT 

1 ():>; F 0 flll/\ T ( 116 X , 411111 0 U:W A R Y t AYE R PAR A 11 [rE R S F 0 ~ 0 I FF U S f: R NO, F2 • 0 • 1 0 H 
1f)lJl1p G.'\I' ,F3.1.11H FLOW SPlIT,f6.3,"'7X,9HUB"R/UMAXdlX,11HDFITA~' 
2AR X.9x,7HTHET/\ X,8X,,2HSHAPE FACTOR,10X,5HAlPHAII19X,4HHEAN,1 4X., 
3HH~AN,14X,4HMEIIN,14X,4HM~AN,14X,4HMFAN/) 

WRITEI?,52) UBARMll),DSTARMI1),THETAH(I),HM(').AlPHAM(I) 
5? FOR t! A T ('1 x • 5 rH N L LT , U , F1 0 , 4, I 1 x , F 7 , 3 • , 1 x , F 7 • 3 , 1 I )( , ~ 1 • 4 , , ;> x , F l • 41 ) 

WRITFI?~3) UBA~M(3),O~TAPH(3),THETAMI3).HM(3),AlPHAM(3) 

~ 3 F 0 Ill' AT ( 6 x , 6 H 0 lJ T i. f: T , ,! ~ , F1 I) • 4 , 1 , X, F 7 .. ~ , 1 1 X, F 1 • 3 , 1 1 X , 0" I. , 1 2 x , F 7 .4 I ) 
WRITF.<=',54) UBA"tt(5) .DST\RM(5) ,THETAI'I(5) ,HM(3) .AlPHAH(5) 

5 f, FOR" A T Cl. x , 8 H S 1 LJ NU Er{ ; 7. x, no. 4 , 1 , X , F 7 • 3 , 1 , X ' F 7 • 3 , 11 x , F 7 , 4 , 1 2 x • F 7 • 4, 
1 ) 

W RI T F. ( ? , 5 5) IJ n A R ~I I 7> ,os T "R M (7) , THE T AlH 7 ) , H H (7) , ALP H AlH 7 ) 
55 FOAHATI4X,DHS/LuurER,2x,FI0,4,1'X,F7.3,1'X,F7,3.1'x.F7.4,12X,F7.4 , ) 

URITE(Z,ft04) lJBARHIV),OSTARM(9),THFTAMI91.Hll(9).AlpHAM(9) 
60/, FOHtlAT(2)(,10HHF.M) INNER,?'X,F10.4.11X,F7.3.11X,F7.3,11X,f7. 1.,,?X, 

1F7.4/) 
WRITEI2.605) unARII(1,),bSTARM(11),THETAMI1'),HM(I'I,AI,PHAM(,,) 

6 0 ~ F 0 ~ fl AT ( 2 X , 1 0 H 11 E A n 0 U lE R • ? X , f 1 0 • 4 • I 1 X , F 7 • 3 , , 1 X , F 7 , 3 , , , x • F 7 • 4 , , ? l( , 
1F7.411) 

IJRlyr:(?.5/\) 
56 FOAtlAT(14X, 86HINNER OUTER I~NFR OUTER INNER OUTER 

1 INNrR OUTER INNER OUTERII,28X,47HSPlIT BOUNDA~Y lAY~R 
2PARAHETEIIS (ABOlJ t HAX VEl) J) 

WRITE(Z,57) IJOAR~tl('I,UBAASM(2),DSTARSHI1).nSTARSM(2),THETASM('), 
1 HET A S I-I I ;n , H S 11 (1 ) • It S 11(?l , .A l P HAS H (, ) , At PH A S IH? ) 

57 FORllAT(7x,5HINLET,Fd.4,fQ.4,8FY.3./) 
IJRITEI2,~8) IJBAd~H(5),UaARSM(4),OSTARSH(3),~~TARSH(4I,THETASM(3J, 

1HETA~I1((.I,HSH(3) .H511(4) ,AI.PHASII(3) ,AI.I>HA5H(4) 
53 FORItATl6l(,6HOUTLF.T.F8,4,F9,4,8F9,3,1l 

WRITE(?,.9) UBIIRSHI),UBARSM(6),OSTAQSH(S),DSTARSH(6I,THETASM,SI. 
1HETASII(6) ,HSH(S) ,H<;11(7),,\tpHASt~(5) ,AtPHASH(6) 

50 FORHIIT(4X,BHS/LINNER,FR,4.F9.4,8F9.3,/) 
WRITE(2,60) UBAK<;H(7),UUAR5HI8),DSTARSH(7),DSTARSM(8),THETASM(7J, 

, THE T A S I' ( R) , H SIll 7> • It S tIC 1\) • AI PH A S IH 7) , ALP HAS 11( 8) 
60 FORIIATl4X,UHS/LOIITER,r8,1.,F9.4,8F9.3,/) 

\.j R J YE ( 2 , 607) It n" R $ H (Q ) , tJ R A R S r1l1 () , D S TAR S rH Q ) , D S TAR S M ( , I) , T H F. TA S'1 
19)'THETASI1110),~5MIY).HSMI'O),AlPHASMIQ),AlPHASHll0) 
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('07 FORIIAT(7.X.10HIlF,\D rfHIER,FIl.4.F9.4,8FQ.3,1) 
1I R J Tr: ( 7. • (,0 Il) U IJ ,\ R S IH 1 1 ) , 11 R A R S I~ ( , ?> • tJ ~ TA R S I~ ( 11 ) • I) STAR S M ( 1 2 ) • T H FT AS' 

1 (11 ) , T If ETA S IH 1 ?) ,H S H ( 1 1 ) ,11 S 11< 1 ?) • A I. P HAS M (1 , ) • ALP HAS IH 1 2 ) 
608 FOllIIAT(2)(.10HIlE;\f) OUTER,Fil.4.F9.,.,/H9.3,/) 

WRTTF.C2.(1) 
6' FOP.IIATI7.IlX. 4~IfSPLJT [lIl'IIIIDARV LAVER PARAI1ETERS (ABOUT S/5) I) 

11 RI rr: C;> .(2) IJ 11 A;( <; <; C '1 ) , IJ BAR <; S ( ?> , 0 S TAR S S ( 1 ) • D 5 TAR S S ( c'. ) , THE'r AsS, 1 J • 

1HETASS(2).HSSC1),HSS(Z),AI.PHAS5(1).ALPHASSCZ) 
62 FORIIAT(7y,5HINr.CT.Fd,4.Fq.4,R~f).3,/) 

WR1TE(~.{,3) UDA~ss(3).UBAR<;S(4),DSTAPss(3).n~TARSS(4).THET~SS(3J. 
1 HET A ~ S ( 4) • H S 5 (3) • H S S C 4 ) , f. I. P Ii ASS (3) • ALP HAS S ( I, ) 

63 F Il 1111 A T ( 6 X • 61l 0 lJ T L FT. F 1\ • I'i F <;> • 4.8 F 9 • 3 • I ) 
C CAI.CIILAH IIt1AR/UflAR'1 

00 71 ,I = 1 , 1 2. 2 
R U R ARC J ) = 11 B ,\ R rH J ) III tl A R 11 ( 1 ) • U M A X ( J ) I U M A X ( 1 ) 
IF(J.GT,3)GO TO 77 . 
RUAARS~(J)cURARSS(J)/UBAR55(1).UMA~(J)/UMAX(1) 
R 11 n A R S <; ( J + 1 ) ,. U fl A n s <; < J + 1 ) III BAR ~ S (;> ) .. III1A X ( J ) IIJM~ )( C1 ) 
nUBARS(J)~UUARSS(J)/IJBARHC1)*UI1AX(J)/UMAX(1) 
RUB AilS ( H 1 ) = lJ 0 A i( ,; S ( J + 1 ) / IJ n A R M ( 1 ) .11 ~r A x ( J ) I UM A X ( 1) 
GO TO 71 

77 nUIlARS~(.I)"'IJRARII<J)/IIOAR~S(1"UfIAX(J)/UMAX(1) 
RU AA R 5 ( J ) =U BA n H (J ) IIJBA RN (1 ) • UIIAX (J ) I ml A X C1 ) 

'(1 COtlTlfJlJE 
C liTART Cp CHCIJI.ATlON 

Q [l A R" 0 In (1 ) .U B A:m (1 ) ** 2 ... \ l. P 11 MI (1 ) . 
00 72 ,I = 1 • , 2 • 2 
IF (J,GT.3,AND.J.LT,Il) GO TO 72 
Il 0 Q 5 I = 1 ,11 rAn ( J ) 

P(I.J)=P~TAT(I.J).UNo(I.J) 
95 corJTI NilE 

CA L L . IN TF G R A L< 1 , 0 • 11 rAn C J ) • R '.JC J ) , R 1.1 ( J +' ) , S UII P (1 ,J) • p , 1 01 • 1 2 • 0 R I J J • 
1RW(J),1.Q,O.O.J) 

77. COYITY /JIfE 
C CALelll.AlE MEAN CPS 

CPl·' 1 ,,2 . 0 .. S Ull P (' • 1 ) I A <1 ) /1' BAR M (1 ) / Q BAR 
CPW(3)=pI.IALL(3)/QnAR 
CPI12"CPU(3).2.0'SIJHP(1.]I/A(])/QBAR/IlOARII(3)-CPM1 

C CALClIlATF. SpLIT GPS 
00 73 J=1,4,2 
CA L L PI TF G R A L< 1 • 0 , N TAB S (J ) • R 1.1 ( J ) • R S (J ) , S 1J/1 P ( 2 , J ) • " • 1 01 • 1 2 • I) Il ( J ) • RI 

1 (J) .1.!l.n.O , J·) 
CA L L I U TF G R IH (.1 • In All s ( J) • N TAB (J) • R s'( J ) , R 1.1 ( J .1 ) • SUM P ( 3 • J ) , P • 1 01 • 1 ;> 

1DRCJ).RS(J),1,O,n,O,J) . 
73 COflTI rWE 

CPS(1):2.0·SUMP(2.1)/A5S(1)/UBARSS(1)IQBAR 
CPS(2)~2,O·SUMP(3.')/A~5(2)/IIRARSS(2)/QBAR 
CPS(3)=2.0.SIJHP(Z.3)/ASS(])/IJAARSS(])/QBAR +CPU(3).CPS(1) 
CPS(4)=2.0'SlJMP(3.3)/A~S(4)/URARSS(4)IQBAR .CPU(3)-CPS(2) 
CP(5)cPWALl(5)/QRA~-CPS(1) 
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CP(7)=PUAll(7)/IIRAR-CpS(7) 
CPM4=(CP(S).TMASF(5'+CP(7).TMASFC7»/TMASF(1) 
CP74=CPIlI.-Cp"Z 
CP741=CPCS)·CI'S(1) 
CP240=~p(7)-CPS(4) 

CPWCO)=PWAlLCQ)/QBAN 
CP\J(11) =p\JA Lt. (111 /r"liIAR 
C P (0) 0: CPU C 9 , + 2 , u' S 1.111 p (' , Q ) 1 A C'} ) / fj fJ A RI U R A R ~1< Q ) - r. pS C , ) 
C P ( 11 ) :: C p W C 1 1 ) + 2 , o. S lJ 11 P ( 1 , 11 ) I A (11 1 / f) BAR 11) fl A R M (11 ) - C p <; ( 2 ) 
CPM].(Cr(9).TMASF(5)+CP('1).TMAS~(7»/TMASF(1' 
CP' ;>=CPtl?' 
CP'21=Cp!>(3) 
CP'20"r.p~(I.) 

r.P23=CPM~-CI'M2 
CP2ll=CP('})-CPS(!) 
CP?30=r.p(l1)-CPS(4) 
(;P34;:C 0111.- C 1'113 
CP341=r.p(5)-CP(9) 
CP340=Cp(7)-CPC11) 

. CP14"Cf'l-ll. 
CP141=Cp(S) . 
CP140"r.p(7) 
CPi.'I.:::Cr>14-C!'12 
CP741;:Cp141-CP12J 
CP?40=CP140-CP120 
CP13=CPtB 
CP131"r.p(9) 
CP1]0=('p(11 ) 

C START CALCULATION OF lOS~ COEFFICiENTS (RCF, MEAN INLET) 
lAHDA1;>=1.0-ALP~AM(1)/ALPHAM<1)*RURAR(3).*2-CPM2 
lAMDAI20=AlPHASS<2>/AlPH_M(1).RUBARS(2).*2-AlPHASSC411ALPHAH(1)* 

lRUnARS(4)··Z-CP$(4) 
lAflDAI2!~AL;>HAC;:;Cl) / AtrHAHC1 )*RUBAp,S Cl) u2-AlPHASS (3) IALPHArHl). 

1RUBARS(3)··2-CP$C3) 
lM~DA ll.i cA ll'H AS 5 (1) I A U'H hM C 1)" 'WOARS <1 ) ... 2- A lPIlMl (C;) I A l pHAM (1 ·,.RUI 

lAR!>(S)"'2-CPCS) 
lA 11 I)A 1 4 ():; Alp U A ~ S ( ;:» / A L r Ii A MC 1 ) * R lJ fl A R S C 2) .. Z - At PH M1( 7 ) I ALP H A 11 (1 ) • R LJ! 

lARS(7)**2-CpC7) . 
LAliDA14=<lAI1DA141 .1I1A$ F(S)+lAtlDA14o*TMASF (n) /TMASF (1) 
I.A"DA2l.=1 AM(lAll.-I.AlIIlA12 
lA"DA24!=LAHDA1~!-lAMDA1?I 
LAMDA240=lAHDA1'O-LAMDA'20 
lAl1DA13!cALPHASS(1)/AlPHAMC1)*RUnARSC1)*.2-AlPHAM(O)1ALPHAH(11*RUI 

lARS(O)**~-CP131 
lA 11 !lA 1 ~O = ALP It A ~ S (2) I AI. P iI A MC 1 ) * R lJ BAil S (2) ** 2 - ALP H Al'H 1 1 ) I ALP HAil ( 1 ) • Q I 

1BAP-S(11) •• 2-CP130 
lAHDA13=(lAHDA13!.TI1ASF(~)+LAMDA'30"TMASF(7»/TMASF(11 
LAMDA23=LAMDA13-LAMDA12 
lAMDA23!clAllDA131-LAMDA1ZI 
LAltDA23QclAHOA130-lAMDA120 
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. L M1 0 A 3 4 = I All D A 1 4 '-111 IHJ A 1 3 
lAf1[)A34I" l AI,D A 1/. (- LAI1DA 131 
lMIDA31.0=l.hllDA' f.O-lAMDAl 30 

C CAlelllATE AREA MATIOs 
AR12"A(3)/A(1) 
AR14=(A(S)·A(7»/A(1) 
AR13=CA(9)+1\(1,)/A(1)*O.R66 
AR24=(~(5)+A(7»/A(5) 
AR34=(A(S)+A(7»/CA(Q)+AC1,».O.866 
AR12!=A5~(3)/~(') 
AR1io=ASS(4)/A(1) 
AK1/.Y"A(~)/A(1) 
AR 140=A(7)IA(1) 
AR241:::A(5)/,\(3) 
AR7.40=A(7) IA(3) 
AR34Y=A(S)/(A(9)+A(11»)/O.R66 
AR340=A(7)/(A(9)+A("»)/O.R66 
AR23Y=4(Q)/A(3)·O.8b6 
AR?30=A(1')/A(3)'O.d66 
AR2]:::(A(O)+A(11)f A(]).O.866 
AR13T"A(Q)/A(I) .0.1\66 
ARI30=A(11)/A(1).O.d66 

C CALCIfL,\TF I DEAL Cp$ AND FTAS 
CPI2=' .0-1 .O/ARI2.*t!.IAlPIiI\M(I) 
CPI4=' ,O-<1.0/(I.(I"SpL!T»**3*(1.0/(A(5)**2!A(1 ) .. 2).SPLIT .... 31(A(j 

1)·-2/AC1)··2»/AI.pIIAHtl) 
CPI3=1.0R(1.0/Cl.0+SPLIT» •• 3*(1.b/AR131*.Z+SPLIT •• 3/ARI30*-21/All 

1H,\Il(1) .. 
AllEFI4=SQRT(I.0/(1.0~CPI{.)/AlPIIAM(1 » 
ARI'F13=SORT(1. 0/ 11. O-CPI3)/AtPHAM(1») 
AREF?3=AREFI3/A~12 
AREF24=AREF14/A~12 
ETA2=CI'IlZ/CPI2*'()().v 
F.TA3:;CPIPi/CPI3.,00.1i 
[TA4=CPH4/CP!'*'OO.U 
REP=O.O 
~IRITE(2,310) 
WRTTI'(?,305) DtrF,nJ)R,SPI!T 

305 FORt'ATII16X,3RHrrRFOPMANrE PARAMETERS FOR D1FFIJSFR NO.F).D.'OI! DU~ 
1p GAP,F3.1,11H FLOW SPLlT,F6.3,I/lax,19HPRESSURF RECOVERIES.9X,I; 
2HlOss rOFFFICIEHTS,'X,4HETA%,10X,11HAREA RATTOS.J'6X,86HMEAN 
3NNER OUTER MEAN IN~ER OUTER MEAN INNJ 
4R OIlHR/) 

Ul!lT[(2,609 ) 
"00 Forlt'ATI21X,42HIlA~ctl ON OVERALL INLO H.I.I.M. DYNI\IHC HEA0.1SX,?3HEI 

1fECTIVE tlEAN INLET, /) 
617 UR!TE(2,610) CP'2.CP12I,CP120.LAMDA1Z,l~MDA1Z!,lAMOA1?0,ETA~,AR17, 

1 IIR12! '~R120 . 
"10 FORHATC1X.l1HOUTLFT(1-Z).10F9.3,/) 

WRITE(Z,61') CP,3.CP131,rp130,lAMDA13,LAMDA'3I,lAHtlA'30.ETA3.AREF' 

. - . 

. . 
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13,hR13T,AR130 . 
61 1 . F 0. R 11 A T (J X ,9 It H E A f> ( 1 - J) , 1 0. r Q .3 , / ) 

IJRITE(Z,61Z) CP14.CP1,I,rp140,LAMOA14,LAMOA14I,LA Mf>Al,O,ETA4,AREF' 
1',AR14T ,JlR140 

617 FORI1ATl4X.IIHS/Ul.4) ,,oF9.3,/) 
URITI'(;>,t.13) CP23,CI'i'3I,(P230,LAMOA23,LAHDA231,LAMDA210,AflfFi'3,A~; 

131,AR23() 
613 FO~11AT(4X.BH(2·3> .6F9.3,9X,3F9.3,/) 

WRITF(i'.t.14) CP24.CP241,rp240,LAHDA24,lAMOA~41.LAHDA2'0,AREF2',AR: 
141, AnZ/.(j 

614 fORHAT(4X,8H(2-4) ,6F9.3,9X,3F9.3,/) 
WRITE(2.615) CPJ4,CP341,rp340.LAMDA34,LAMD A34I,lAMOA340.ARJ41.AR3. 

10 
61 S F 0. R I1 Are 4)( • 8 H (3 -I, ) • 6 F 9 • 3, 1 11 X • 2F 9 • 3) 

IF(REP.GT.O.S) GO TO 6111 
CON1~1 .O/RURARS(1)'·2.AL~HAM(1)/ALpHASS(1) 
CON2~1,O/RU~ARS(;»"2*ALPHAH(1>/ALpHASS(2) 
CP121=CP121*CONl 

.CP131=CP13r'CONl 
CP141=CP14I'CON1 
CPZ3I=CPZ3I.CONl 
CP?4I c r.P?4J .CON' 
CP341',rp'1;4J .CON1 
CP120=r.P120·CO~2 
CP130=CP131).CON2 
CP140=fP140.COfl2 
CP?30=Cp;>30.CON2 
CP?'40=Cp?40'CON2 
CP340=Cp~40.CON2 
lAHOA121=lAH~A121*CUNl 
lAMOA131~lAtIOA131.CONl 
lAJlOA141=LAl'lDAl 41 .CU", 
lAHOA231.LANOA231.CONl 
lAl' () AZ/, I :-:.L AIID,' 2 41. C ON 1 
l AIt~ A3 /+1 "L AIID A3l,l * C U~, 
lA 11 D A' 2 I)" LA 11 0 A 1 2 (). C ,),a 
lAl'OA'30"lAIIOA130.CON2 
lAlIOA' I.O"lAI1DAl i,O.CON2 
l AI, DA2 ,0" L Ar-IDA? 30. C ON2 
LAHD A2 1.0" L AriD A 2 40. C ()N 2 
l Allo A3/.0" L AIID A3 40. C 0,,2 
AR121"As~(3)/AS5(1) 
A~120=4s~(4)/A$~C?,) 
AR141=A(~)/ASS(1) 
AR140=A(7)/ASS(Z) 
AR241=A(S)/ASSC3) 
AR240"A(7)IASS(4) 
AR131=ACQ)/ASSC1,.O.R66 
AR130=AC1')/ASS(2)'O.866 
AREF24=AR24 

.' 



. ARr;F1I,=AR1 I, 
AREF13=AR13 
AREF?3=AR23 
AR231=ACQ)/ASS(3).O.R66 
AR230=A(11)/ASS(4)·U.R66 
AR14I=A(S)/AC9)iO.866 
AR340=A(7)/A(11)/O.~66 
\.IRITF.C7.f.16) 
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('16 FORllAT (21 X.I.OHBI,<;ED ON $PLl T "~Ln H. \.I.H. OYNAtllC IiEAr).17x .?3HGEOr 
1FTRIC sPLIT INLET, I) 

REP,,1.0 
C;O TO 617 

618 COI'TIN!fE 
CO if 3 = C U fl A R IH 1 ) '1)11 A X ( 1 ) I U R A R ~1< 3) /U ~1 A X ( 3 ) ) .. 2. AL P H A H n ) / ALP H A tl (3 ) / 

1 COt)1 
CO 114" C IJ I) A R'~ (1 ) * tJ 1I A X ( 1 ) / U I'l A ~ M (3 ) /lJf.1 A X ( 3 » .. 2 • A LI' H AlH 1 ) / ALP H A 11 ("~ ) I 

1CON2 
CO~5=1 .O/RtJUARS(Q).*".ALrHAM(1)/ALpHAHC9)/CON1 
CON (, = 1 . 0/ R U IJ A R S (, , ) ".2;' ALP fl AfH 1 ) I A r p I1 A H ( 11 ) I r. 0 N? 
C 0 ~f 7 = (If IJ A R ~1 (3 ) /U n A ~ S S (3 ) ) ** 2· ALp H A M n) I ALP 11 ASS ( 3 ) 

.CONR" C trSARr·, (3) / unA R S S C 4) ) **2*Al PH AH (3) I A l.P'! 1,5 S (4) 
CON9=CUOARH(1).JMAX(1)/trnARHC3)/tJMAX(3»*.2*AlPHAMC1)1AlPHAH(3) 
Q3I=1.0/C1.0+SPLJT)*cunA~MC9),UHAX(9»*.?AlPHAHC9i . 
Q30=SPlIT/(1.0+SPlIT).(URARM(11).UMAX(11».*2.ALPHAMC11) 
Q3::Q3I+Q3D 
Q1=(IJnARM(1)'UHAXc1».*2*ALPHAH(1) 
C01l10:::Q1/Q3 
CP34=CI']/"CIlN10 
LAHDA34:::rAHDA34'CON10 
CP23:::CP2"CIlN9 
CP24=CP24*CON9 
CP23T=Cp;>3I.CON3 
CP2]0:::Cp;>30'CON4 
CP24t=Cp;>4J.CON3 
C P 7 40= r. Pi' 40. CO !l/. 
CP34t=r.P34J.CO~~ 
C P340= C p~4()' CON" 
lA /1 0 A 23 = rJ.r1 [) A 2 3. r 0 fiY 
lAHDA24=,AHPA24.roNY 
lAr'nA231"LAIIDA231.CON3 
lAII OA210:; LAr' D A 2 3110 COIl 4 
L All D A 2/, I :: l M1 0 A 7. 4 I • C l.l N 3 
L All DA2 40= L All 0 A 2 4n. C ()N 4 
lArlDA3/·I=lA,'OA3·.1.CON5 
LAfl0A3l.0= LAUDA]l.O. CON6 
tlR1TEC2.(1 9 ) 

619 FOArlAT(3QX'48HBA~EO ON OVERALL LOCAL INLET H.W.M. DVNAMIC HEAn./) 
WRITECZ,620, CP23.CP231,rp230.lAMDA2],lAHDA231.lA~DA230 . 

62()r OlnlA T< 4)( .Ilfr C 2-3) • H9 .3. n 
.U~tTE(2.621) CP24,r.p24t,rp240.LAMDA24,lAMOAZ41.lA~OA240 

.. . 
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621 FORMAT(4x,8H(Z-4) .6F9.3./) 
WRIT~(2.~22) CP34,CP341,rp340.LAMDA34,LAMDA341,LAMOA340 

622 FORf\AT((.X,8~1(3-,.) .6F9.3) 
LAr~DA2 ~ I '" LAilDA 231. Cllll7 
lAHOA21rl=lAMDA2Jn.CDN8 
LAtlnAZ/, I:: l AnOA?i, I. CON7 
L AHO A2/.0:: L All OA 7. ;.0. r, Orl8 
CP23I::rp;>3J·COWl 
CP230::rp230·CO~8 
CP241=r.p?I.I·CON"! 
C P? 40:: r P? 1.0. COIl il 
WRlTE(2.623) 

623 FORIIATI4nX,46HnASFD ON SPI.IT LOCAL INLET M.W.M. DYNAMIC HEAb./) 

WRITF(?,~24) CP2](.Cr7.30.LAHbA231,LAMDA230 
624 FORHATf4X.8H(Z-31 ,9X,2F9.3.9X.2F9.3./) 

WRITE(Z,62S) CP241.Cp240,lAHDA241,lAMDA240 
625 FOrHIATU.x,IlII(2-1.) .9X,?F9.3,9X.2F9.3,/) 
310 FOf1tlATl1H1) 

WRITE(4.634) NTAR(]).NTAB(S),NTAa(7).NTH1,NTHO 
63/.FORI~Ar(515) 

WR1TE(4,635) SP~IT 
63S For:IIATlF10,I,) 

DO 630 1~',NTAR(3) 
CPL(I,3)~(PSTAT(I.3)+PWAlL(3»/QnAR-rpM1 

630 COI,IT IIHlE 
DO 632 1",1 dlTH I 
K;IITHI-I.1 
CPL(I,9)~(PSHI(K)+PWALL(Q')/QRAR-CPM' 
UND(I.Q,=UNDHl(K) 

63;> CONTllltlE 
{)O 633 1 .. 1,NTHO 
CPI.(1,11)c(PSTAT(!.11'+PWAll(11»/QBAR-CPM1 

633 CONTIIII)E 
DO 636 J,,3.(l,2 
W R I rE ( 4 • 637) (1I1W ( I , J , , I" 1 • N T A a (J ) ) 

636 CO~ITllltlE 
WalTf(4,637) (UND(I,9),1=1.NTHJ) 
WR1TE(',637) (IINn(I,11),1=1,NTHO' 

637 fOHrlATCBF6.3) 
WRITE(4,638) (CPL(I,],,1=1,NTAB(],) 
WR!TF.('.638) (CPl(I,9).1:1.NT~J) 
WR1TE(4.638) (CPl(I,11),1=1,NTHO) 

6311 FOf!ftATC11F7.3) 
kEV=1 

70{' COt/Tll/tlE 
70/. CONT I IIIIE 
701 CONTINUE 

STOp 
'F.IID 

... 



- 149 -

. SURRDUTINF INTFGPAL(IPOWFR,N1,N2,R1,R2,SUM,V,NR,NC,DR,RW.W,ANG,JI 
DIHENSI()N V(NR,IIC),FACT(200),R(ZOO) 
IF (N1.EO.O) N1:;1 
SUH:lO.O 
001I=IJ1,NR 
RIT)~R1+FLOATII-N1)*OR 
RII+1> c R(J)+DR 
FACT(II=VII,J)*·IPOW~R·R(I) 
K"I+1 
FACTCKI=v(K,J)*.lpOWER*RIK) 
SUH=SU"+FACT(!)+FACTIK) 
I HR ( K) • G E • (R Z - 0 • 5 *1) R ) ) GO TO 2 

1 COIITl NLJE 
2 NZ"K 

Slll1 " f,UM*DR/2.0 
RETIJRtI 
EfHl 
RIJRRnUTINE TAB1T (XiV,H,N,VARI,VARD) 
DII1ENSION VARl (lj) ,VARIl(N) ,V(3) ,YV(2) 
IF (H.EQ,O,AND.N,rQ.O) GO TO 1 
IF(H.EQ.O.AND.N,NE,U) GO TO 97 
IFOI.LE,IABS(t1» GO TO 97 
IFIM.GT.O) GO TU 31 

c .** 11.I.T,O 

44 

C .. ** 

C *** 
800 

C .** 
1\01 

r *** 
622 

C ... + 

1622 
803 

C *** 

DO 44 lyv,,1,N 
I"IVV 
IF(VARIII)-X)800,119,44 
COIITT NlIE 
I=N+H 

IF X.LT,XIN),[XTRAPOlATE 
IF(ll.EQ.-1lGO TO a01 
GO TO 802 

IF X.GT.X(1),EXTRAPOlATE 
IF(I.EQ.1.AND,I1.(Q.~1) GO TO 801 
IF(I.EQ.1,AND.H.EQ.-Z) Go TO 80? 
IF 111. Ne ~1> GO TO 6i:!2 

11"'~ 1 
1=T~1 
fF(VARI(J),LE,VARICl"Ol GO TO 97 
GO TO 1701 

t~=-2 
IF(I.NE.N) GO TO 1622 
''''1-2 
GO TO IIO? 

COHPARE WITII NEXT 
IF(VARI(,.1)-X)S03,Y7,97 
1=1-1 
IFII.EO.') GO TO 802 

sEr wHICH TH~El' 
. I F I I V A R I ( 1-1 ) - X) , LT. (X - V A R I ( I + 2) ) ) I:: 1-' 

• 
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R02 IF(VARI(I).LE.VARJ(I+1I,OR,VARI(I+1) .. LE.VARJCI+Z»GO TO 97 
GO TO 1702 

C ...... H,GT.O 
31 DO 4 I'(Y~1 dj 

l"lyy 
IFIX-VARI(I»70n,11Y,4 

4 COllTI NilE 
1=' 1<-11. 

C."" IF X.GT,X(N).rXTRAPOLATE 
IFIM.EO,1) GO TU 701 
GO TO 702 

C **+ IF X.LT,X(1).ExrRAPOlATE 
700 !FCI.EQ.1.ilIIO.I·I,fO.1) GO TO 701 

IFCI.EO.1.ANO,11.EQ.1-) GO TO 702 
IF Ill. IIF.. n GO TO 221-

C ...... 11=1 
1"1-1 

701 H(VARIO.;.1),LF..IfARI(I» GO TO 97 
C..... LIIlEf,R 

1701 V~(VI\ROII).(VARI(I+')-X)-VARO(I+1).(VARI(I)~X»/ 

1 (V/lRICI.1'-VAR!(I» 
RETURN 

r. *** 11;2 
222 HCI.NF,N) GO TO ,<'22 

J"N-2 
GO TO 707 

C *** COIIPARE III Til tJEXl 
1222 IFIX-VARJ(I+1»703,Y7,97 

703 1"1-1 
!F(l.ED," GO Tl) 70, 

C .... !;EF WHICH Tilli[E 
I F I (X - V A P. I <I -1 ) ) . IT, (If A R I (I + 2> - X) ) "" -1 

702 IFIVARI(I+1),LE.VARICI),OR,VAMICI+2).LE.VARICI+1») GO TO 97 
C *... SECOND 'JRDEH 

1702 V(1)"VARI(I)-X 
V(2)cVAR I (I +1 I-x 
V(3)=VARI(I+2)-X 
K=I 
[lO 704 Ja1,2 
YYIJ)=CVAIlO(K)*veJ+' )-VArIDCK+1 hV(J) )/CV,l.RI (K+1 )-VARJ (K» 

704 K=K+1 
V=(VV(1).V(3)-YVIZ)·V(1»/(VAAI(I+?)-VAR!(I» 
RETIfRII 

C •• * ZERO ORDER (v=V(1» 
.. Y=V,l.RD(1) 

RETURN 
C .. ** Y::V(I) 

119 Y"VARD(!) 
RETURfl 

c .*. 



I; ***. 
9"1 

,03 

1103 

5) 

FRROR PRIIIT 
WRITE(7.,103) 
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F l1 R" A T (' X , 31 H E I( R () R WA S EN COli N T ERE 0 ,N F Tl UP) 
WRITE(2,11D3) M,N,X 
FOR It A T ( 1 X, 2 H r1 = , , 5 • 5 X • 2 H N:: , I 5 ,·5 X , 2 H X = • E 20. 8 ) 

WRITE (7..55) IIVAR~(I) 
FORMAT (2XI14,2X.F~O.8) 

IF 01. EO, 0) STor 
IF (fl. Ea, (1) STOP 
IJR I TE (2,1104) 

1101, Fl1RftATC1X.19H TARtE OUT OF OROER) 
RETURN 
END 
FINISt! 

.... * 
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APPENDIX 2 

PRE-DIFFUSER OU HE T PROFILES 

.. 
5 = 1.20 

FULLY DEVELOPED ENTRY CONDITIONS 

.' 



(fr) 
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PRr-OIFFUSER OUTLET PROFILES 
F09 TEST SERIES 1-0 5 

1.0 B 

0.8 

0.6 

0.1 

0.2 

KEY 
El S~O. 71 

[J G~0.94 

IJ r;~ 1. 13 
I!! r;~ 1. 99 

O.O~.------~------~--------~------~------~ 

0.0 0.2 0.1 0.6 0.8 1.0 

0.6 

0.1 =_-' 

0.2 

0.0rn=~----~------~--~--~--------~--~~ 
0.0 0.2 0.4 0.6 . 0.8 .';!o 

N-O DJ STRNCf: FROM INNER WRLL YVh,. 
.' 



m) 
0.8 

0.4 

0.2 

- 154 -

PRE-OIFFUSER OUTLET PROFILES 
FOR TEST SEAl ES 1--1~ 

KEY 
o S~O. 79 
I] G~ 1. 0:3 
() fj-= 1 ~ 55 
D G= 1. 99 

O.OL-~----L-------L-~----L-------L-----~ 

0.0 0.2 0.1 O.G 0.8 1.0 

0.6 

0.2 

·O.OL-------L-------L-------L-----~L-----~ 
0.0 0.2 0.1 O.G 1.0 

N~D DISTRNCE FROM INNER WRLL 



(U~ 
UJ 

O.B 

0.6 

O. 'i 

0.2 

0.0 
o.b 

0.6 -

CrLocRL 

0.1 

0.2 -

'0.0 
0.0 

- 155 -

PRf-DIFFUSER OUTLET PROFILES 
FOR TEST SfRIES 1-2 0 

0.2 

I 

I 
o ,-, 

.<., 

KEY 
[:) s= 0; 62 
[18=0.95 
IJ f,= 1. 61 
UJ G~ 2. 00 

O.'i 

I 

r~ 

I 

0.<; 

0.6 

I 

I 

0.6 

N-D DISTRNCE FROM INNI::R WRLL 

[ 

---1 
O.B 1.0 

--I 

-

-f] El 

-

I 

O.B 1.0 

Yv'h 2 , . . . 



m) 

0.4 

0.2 
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PRE-DIFFU3ER OUTLET PROFILES 
FOB TEST SERIES 2-0 8 

KEY 
El S~0.71 
[J S~0.97 

Il S= 1.00 
D S'-' 1.79 
~ S~2.21 

O.O&-------~------~------~------~----~ 

o.b 0.2 0.4 0.6 0.8 1.0 

0.6 

-

0.2 

·O.O~------~------~-------L-------L-----~ 

0.0 0.2 0.4 0.6 0.8 1.0 

N-D DISTRNCE FROM INNER WRLL - YVh2 

, 

.' 



(~) 

0.8 

0.6 

0.4 
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PRE-DIFFUSER OUTLET PROFILES, 
FOR TEST SERIES 2-1 5 

KEY 
El 8=0.67 
[J 8~ 1. 07 
rJ 8= 1. 76 
III 8~ 2. 30 

o.o~-------~------~------~------~----~ 
0.0 

0.6 -

0.4 -

0.2 -

0.0 
0.0 

-

0.2 0.4 0.6 0.8 1.0 

I I I I 

-

- ~ 

~'" 
~ 

~ 

-a- E 
~ 

-

I I I . I 

0.2 0.4 0.6 0.8 1.0 

N-D DISTRNCE FAO M INNER WRLL - YVh1 



(~) 

0.4 

0.2 

- 158 -

PRE-D1FFUSER OUTLET PROF1LES 
FOR TEST SERIES 3-0 4 

KEY 
El 8=0.69 
[J 8=0.97 
IJ 8= 1. 40 
D 8=2.06 J 

O.O~.-------L-------L~~,~~--------L-------J 

0.0 0.2 1.0 

0.6 

, 0.4 

0.2 

O.O~------~------L---____ LI ______ -L ______ -J 
0.0 0.2 0.4 0.6 0.8 1.0 

N-O DJ STRNCE FROM INNER WRLL - YVhl 



m) 

0.8 

0.6 

0.4 

0.2 

- 159 -

PRE-OIFFUSER CUTLET PROFILES 
. FOR TEST SERIES 3-07 

KEY 
El 8=0.60 
[J 8= 1. 02 
(] 8=1. 62 
tJ G== 2. 32 

O.OL-------L-------L-------L-------L-----~ 

O.D 0.2 0.4 0.6 0.8 1.0 

0.6 

0.4 

0.2 

0.0 
0.0 0.2 0.4 0.6 O.B 1.0 

N-O DISTRNCE FROM INNER WRLL YVh, 
. . 

• 



m) 
0.8 

0.6 

0.4 

0.2 
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PRf-DIFFUSER OUTLET PROFILES 
FOR TEST SERIES 3-1 2 

KEY 
El 8= 0.69 
[I G= O. 96 
I) G~1. 71 
III G= 2. 31 

O.O~------'~------~' ______ -L' ______ -L _______ J 

. 0:0 0.2 0.4 0.6 O p 
.CJ 

0.6 :-

, 
.L. 0.4 

0.2 -

0.0 
0.0 

, , I I 

M-fj ~ t'J~. -~-
, , 

, -U--. 
~ --s-

-

, . , , , 
0.2 0.4 0.6 0.8 

N-D 0 I STRNCE FROM I NN[R WRLL - YVh 

1.0 

-

-
-

-

1.0 

1. .' • 
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APPENDIX 3 

H E ADS TAT ION ( 3) PR 0 F I LE 5 

S .. = 1.20 

FULLY DEVELOPED ENTRY CONDITIONS 



(D) 
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HERD INNER PROFILES 
FOR TEST SERIES 1-0 5 

1. O""""~-·--'-------.-----r------'r------' 

0.8 KEY 
f:) G~ o. 71 
f.ll G~ O. 94 
!) G~ L "i3 
!3 fj~ 1. 93 

0.6 

0.1 

0.2 

0.2 0.4 0.6 O '. .tJ 1.0 

1.0 

0.0 

-1.0 

~2.O~---L----~----L----~ ____ ~1 
0.0 0.2 0.1 0.6 0.0 1.0 

N-O 0 I STANCE FF-lOM C-C HERD YH/ha 
.' 



(fr) 

• 
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HERD OUTER PROFILES 
FOR TEST SERIfS 1-0 5 

1.0~~-----.-------.--------.--------.-------. 

0.8 "KEY 
El 8=0.71 
(J 8= O. 94 
lJ G= 1. 43 
I.iI 8~ 1. 98 

0.6 

0.1 

0.2 

O.OL-------J-------~--------L-~~--~--_n--_n 

0.0 0.2 0.1 0.6 

I I I 

1.0 -

B B 8 
, 

V-- El 11 [j 
" 0.0 

V N .. 

I"--1.0 

I I I ':'2.0 
0.0 0.2 0.1 0.6 

N-D DISTRNCE FROM C-C HERD 

E3 

13 

-

0.9 

I 

. 
8 
, 

El 

-

I 

0.8 

YH/h 
.9 

1.0 

-

E 

-
El 

-

1.0 



0.8 

(it) 
0.6 

0.1 

0.2 
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HERD INNER PROFILES 
FOR TEST SERIES 1-10 

KEY 
El s~ O. 79 
f] S~ 1.03 
(] fi~ 1. 55 
ElG~1.99 

O.O~------~------L-----~~~~~~--~--N 

0.0 0.2 0.1 0.6 0.8 1.0 

1.0 

. 0.0 

-1. 0 

:"2.0 
0.0 0.2 0.1 0.6 O.B 1.0 

N-O DISTRNCf: FAO~ r-c ~. IiERD YH/h3 

. 
.' 
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HERO OUTER PROFILES 
FOR TEST SERIES 1-1 0 

1.0r=~~--.-------~-------.-------.-------. 

0.8 
KEY 

El s~ O. 79 

(it) 
11 S·~ 1. 0':) 

f) G~ 1. S5 
£! G~.1. 99 

O.S 

0.4 

0.2 

0.0 
0.0 o ,., .<.. 0.4 0.6 0.,] 1.(1 

I I I I 

1.0 - -

CPLGCAL 
r, 

~~~ 
. 0.0 ~ -

-1.0 - -

:"2.0 . I I I I 

0.0 0.2 0.4 0.5 0.8 1.0 

N-D DISTRNCE FAGM c-c HERO YH/h 
3 

. 
.' 



(D) 

1.0 ?7 

0.8 

O.G 

0.4 

0.2 

- 166 -

HERD INNER PAOFILES 
FOA TEST SERIES 1-2 0 

KEY 
El s~ O. 62 
[J 8~O.'35 

1l!)~1.61 

Il :'=2.00 

O.O~------L-------~------~,~~~~a----o---~ 
0.0 0.2 0.4 O.S 0.8 1. Cl 

1.0 

0.0 

-1.0 

. ~2.0~------~------~------~~----~------~ 
0.0 0.2 0,10.6 1.0 

N-D DISTRNCE FROM C-C HERO 



0.8 

(~) 

O.G 

0.0 
0.0 

1.0 -. 

CPLOCRL 
[ t::3~ 

0.0 ~--

-1.0 -

"2.0 
0.0 

- 167 -

HERD OUTER PROFILES 
FOR TEST SERIES 1~2 0 

I . I 

KEY 
8 G~0.G2 
[J S~0.95 

[)G~1.61 

m G~ 2.00 

0.2 0.1 O.G 

I I I 

,. 

0.8 

I 

m- ~-

I I I I 

0.2 0.4 0.6 0.8 

N-O OI STRNC[ FROM C-C HERD YH/h3 

1.(1 

-

-

. -

1.0 

, 
-



(it) 
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HERO INNER PROFILES 
FOR TEST SERIES 2-0 8 

1.0~~----.--------,-------.-------.-------. 

0.8 KEY 
El 8~0. 71 
[J 8~0.97 

IJ 8= 1. 00 
III 8= 1.79 

0.6 (> 8~2.21 

0.1 

0.2 

. O.O~-------~------~-------L~~~-o--~r---Q 
0.0 0.2 0.1 0.6 0.8 1.0 

I I I I 

1.0 r- . .-

-1.0 r- -

~2.0L-------~1------~1--------~1--~_--~1------~ 
. 

0.0 0.2 0.1 0.6 0.8 

N-D DlSTRNCE FAOM C-C HERD YH/h 
< 3 



m) 
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HERD OUTER PROFILES 
FOR TEST SERIES 2-0 8 

1. Oill;' """""'~-----Y----r-'----.------,---:---, 

0.8 KEY 
El S~-O. 71 
[J S~0.97 

II S~1.00 

III B~ 1.79 

0.6 (> S~2.21 

0.4 

0.2 

0.0 
0.0 0.2 0.4 0.6 0.8 1.0 

I I I I 

1.0 ,-

CPLOCRL ~=fi ~. i~ !!l 

.~ 
v ~ 

0.0 -

-1.0 -

~2.0~ ___ ~1 ___ ~1 ____ ~1 ___ ~1 ___ ~ 

0.0 0.2 0.4 0.6 0.8 1.0 

N-O DISTRNCE FAOM C-C HERD YH/h 
.. 3 



m) 
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HERD INNER PROFIt ES 
FOR TEST SERIES 2-1 5 

1.0D?-~----'-------'-------'--------'---~--' 

0.8 
KEY 

El 8= 0.67 
lJ 8=1.07 

11 8=1~ 
t:l 8~2.30 

0.6 

0.1 

0.2 

0.0~------~------~------~--1~~~~~--D 

0.0 0.2 0.1 0.6 0.8 1.0 

1.0 

-LO 

~2.0~------~------L-------~------L-------J 

0.0 0.2 0.1 0.6 1.0 

N-D DISTRNCE FROM C-C HERD 



(m 
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t[RO OUTER PROFILES 
FOR TEST SERIES 2-1.5 

1.0~.~~----r-------.-------.-------.------~ 

0.8 
KEY 

El 8= 0.67 
j] 8=1.07 
Il 8= 1.76 
III 8= 2. 30 

0.6 

0.1 

0.2 . 

o.o~------~------~------~----~~~~--a 
0.0 0.2 0.1 0.6 0.8 1.0 

I I I I 

1.0 - . -

.= 
~~ B ~- °t 

-

-1.0 - -

~2.0~------L-1------~1------~1------~1----~ 
0.0 0.2 0.1 0.6 0.8 1.0 

N-D DISTRNCE FROM C-C HERD 



(~) 

• 

- 172 -

HERD INNER PROFILES 
FOR TEST SERIES 3-0 4 

1.0&y~~---.--------r-------.-------.---~--~ 

0.8 
KEY 

El 8~0.69 

lJ S= O. 97 
II S= 1.10 
1:1 8=2.06 

0.6 

0.4 

0.2 

O.OL-------L-------~------~~~~_m--~~~ 

0.0 0.2 0.4 0.6 0.8 1.0 

1.0 

-1.0 

~2.0~------~------~-------L------~------~ 

0.0 0.2 0.1 0.6 1.0 

N-D DISTRNCE FROM C-C HERD 



(tt) 

0.8 

0.6 

0.4 

0.2 

- 173 -

HER~ OUTER PROFILES 
FOR TEST SERIES 3-0 4 

KEY 
El 8=0.69 
[) G~ O. 97 
IJ G= 1.10 
c G= 2.06 

O.OL-------L-------~-------L--~--_e~~r_--c 

0.0 0.2 0.4 0.6 0.8 1.0 

I . I I I 

1.0f- -

-1.0,.. -

':'2.0 I I I I 

0.0 0.2 0.4 0.6 0.8 1.0 

N-O DISTRNCE FROM C-C HERD YH1h3 

-
.! 



m) 
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HERD INNER PROFILES 
FOR TEST SERIES 3-0 7 

1.0rA~----~------~------~--·----~------~ 

O.S KEY 
El 8~0.60 
I1 8~ 1. 02 
Il 8~ 1. 62 
m 8= 2.32 

0.6 

0.4 

0.2 

O.O~------L-------~-------L--~~~--~r-~Ia 

0.0 0.2 0.4 O.S O.S 1.0 

1.0 

o 0 

0.0 

-1.0 

~2.0~------~-------L-------L------~------~ 

0.0 0.2 0.4 O.S . 1.0 

N-O DISTRNCE fROM C-C HERD 



(it) 

- 175 -

HEW) OUTER PRCFl LES 
FOR TEST SERIES 3-D 7 

1.0~~----.-------.-------.-------.-------, 

0.8 
KEY 

El 8=0.60 
[) 8= 1. 02 
Il 8= 1. 62 
03:::2.32 

0.6 

0.4 

0.2 

0.0 
0.0 0.2 0.4 0.6 0.6 1.0 

I I I I 

1.0 r-

CPLOCRL ii~ El ~ ~ 

~ 
0.0 ,..... -

-1.0 I- . -

~2.0~ ______ I~~ ____ L-l ______ L-l~ ____ L-l ____ --J 

0.0 0.2 0.4 0.6 1.0 

N-D DISTRNCE FROM C-C HERD 
- . 



(~) 

- 176 -

HERD INNER PROFILES 
FOR TEST SERIES 3-) 2 

1.0-"""'"....,------.-----,-----,----.-----'-----, 

0.8 KEY 
El 8=0.63 
[18=0.85 
Il 8= I. 71 
I: G=2.3i 

0.6 

0.4 -

0.2 

0.0L----~----L----l--~~~~~__C 
0.0 0.2 0.4 0.6 0.8 1.0 

1.0 

-1.0 

':'2.0 
0.0 0.2 0.4 0.6 0.8 1.0 

N-O O]STRNCE FROM C-C tlERD YH/h3 

. 
.' 



mJ 

- 177 -

HERD OUTER PROFILES 
FO~ TEST SERIES 3-] 2 

1. 0 'r . .".....;;:----,--------,----.-----,----;---, 
L 

0.8 KEY 
[:) 8=0.59 
I] 8~ O. 95 
US=1.7! 
El Sc=2.S1 

0.6 

0.1 

0.2 

O.O~---~---~---~--·--~~~r---a 
0.0 0.2 0.1 0.6 0.8 1.0 

I I I 

1.0- -

. 

-1.0 - -

~2.0 I 1 1 1 
-

0.0 0.2 0.1 0.6 0.8 1.0 

N-D DlSTRNC[ FROM C-C H[RD YH/h3 
.' , 
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APPENDI X 4 

SETTLING LENGTH PROFILES 

• S=1.20 

FU LLY DEVELOPED ENTRY CONDITIONS 

<' 

. ' 



0 
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SETTLING LENGTH VELOCITY PROFILES 
fOR TEST SERIES 1-0 5 

INNER ANNULUS. OUTER RNNULUS, 
1.0 

0.'3 
S = 1. 99 S =1. 98 

0.9 

o. 7 
1.1 

0.9 
1. 43 1. 43 

0.8 

0.7 
1.0 

0.9 
.94 0.94 

0.8 

0.7 
1.0 

0.9 
0 1 0.71 

0.8 

0.7 

0.6 

0.5 

0.5 1.0 0 0.5 

N-D DISTANCE FROM INNER WRLL _. YVh
4 

. 
X 
IT 
::>:.: 
::J 
'-
:::l 

>--
1-....... 
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SfTTI_ING LENGTH VELOCITY PROFILES 
FOR TEST SERIES 1-1 0 

INNER R!~NULUS . OUTER ANNULUS. 
1.0 

0.8 
S::1. 99 S ::1. 99 

O.S 

0.7 
1.0 

0.8 
1. 55 1. 55 

0.8 

O. 7 
1.1 

0.8 
.03 1. 03 

0.0 

0.7 
1.0 

0.8 
0.79 

0.8 

0.7 

O.G 

0.5 

0.5 i 0 0 0.5 

N-O OISTRNCE F. OM INNEFl WRLL - YVh4 

. 
X 
IT 
L: 
:.:l 
"-
;:) 

)--

!--
>-< 
u 
0 
--l 
W 
> 
0 

1 
:z. 

1.0 

.' 



o 

- 181 -

SETTLING LENGTH VELOCITY PROFILES 
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SETTLING LENGTH VELOCITY PROFILES 
FOR TEST SERIES 2-0 8 
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SETTLING LENGTH VELOCITY PROFILES 
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SETTLING LENGTH VELOCITY PROFILES 
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SETTLING LENGTH VELOCI-rY PROF1LES 
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APPENDIX 5 

PERFORMANCE PARAMETERS 

.. 
S = 1. 20 

FULLY DEVELOPED ENTRY CONDITIONS 

" 
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EXPLANATORY NOTES 

Performance Parameters 

Description/Examples or Equation(s) Giving Definitions 

Based on overall inlet m.w.m. dynamic head 

1.4.9, 1.4.10, 1.4.26 

Based on split inlet m.w.m. dynamic head 

1.4.9, 1.4.10, 1.4.29 

Based on overall local inlet m.w.m. dynamic head 

1.4.27, 1.4.30 

Based on split local entry m.w.m. dynamic head 

. 1.4.31 

Area Ratios 

Mean effective 

1.4.24 

Mean geometric 
A2 

(e.g. ARl _ 2 = ~ , 
1 

Inner/Outer - split inlet 
A2i 

(e.g. (AR1 2). = -A ,(AR2 4)' 
- 1 l' - 1 1 . 

A
4

, __ 1) 

A2 

.' 



PERFORMAN~E PARAMETERS FOR DIFFUS~R NO 1. nl'MP GAP 0.5 FLOW SpLIT 0.712 

OUHET(1-2) 

HEAD(1-3) 

S/L(1-4) 

<2-3) 

( 2-4) 

(3-4) 

OUTLET(1-2) 

HEAD (1-3) 

S/L(1-4) 

(2-3) 

(2-4) 

(2-3) 

0-4) 

p~ESSUMF RE~OVERIES LO~S COEFFICIENTS ETA% 
MEAN INNER OUTER MFA~ INNER OUTER 

'\ASEll ON OV[! rll\ I ~ INLET t1.ll.M. IlYNAMIC HEAD 

0.417 0.35.':\ 

-0.57 6 -1.058 

0.099 

-0.944 -1.416 

-0.163 -0.25<) 

0,502 

0,220 

0.472 

-0.2 8 1 

-0.030 

0.027 

0.1,)4 

0.166 

n.417 

, 0.044 

0.268 

0.549 

0.224 

o 505 ""--, --_ .. _-

0.006 83.867. 

0.089 233.18~ 

0.297 35.74'1 

0.08 3 

0.292 

o.no 1.157 0.251 n.251 0.281 0.209 

0.417 

-0.526 

0.254 

-0.<)44 

BARE~ ON SPLIT INLET M.W.ll.DYNAMIC HEAD 

0.337 

-0.995 

n.093 

-1.331 

-0.24:1 

O,55u 

0.517 

-0. 3 09 

-0,033 

0.194 

0.4/.4 

0.166 

0.417 

0.041 

0.252 

0.516 

o . 211 

0.475 

0.006 

0.097 233;11\6 

0.326 35.74~ 

0.091 

11.320 

AREA RATlnS 
MEAN INNFR OUTER 

EFFECTIVE' 

1.3110 

0.8113 

1.8;:>0 

0.6(.0 

GEOMF.TR I C 

1,31\0 

0.9R9 

1 ,997 

0.717 

1 .447 

0.705 

O.4~(, 

0.909 

{J.316 

0.659 

0.675 

0.553 

, .088 

0.400 

0.789 

0.919 1,101 
SPUT INLET 

1 .257 

0.778 

1 .671 

{).619 

1 .290 

1 .08R 0.276 0.251 0.264 0.229 2.01\3 

, .537 

1.258 

2.478 

0,819 

, .612 

1 .970 

-2.550 

-0.2<)4 -0.466 

0.5R5 0.62/. 

-2.14n 

- -" .. 

-0.507 

-0.05/. 

RASEO OH OVERALL LOCAL INLET M.W.M. DYNAMIC HEAD 

0.300 

0.751 

0.404 

0.909 

{).,49 

0.525 

0.417 0.1SR 0.151 0.346 
!lll:; F [l i.l tJ S I' IT T L 0 r. III 1NL E T ~'. W • M. n Y N Mll C H F. A D 

-0 695 n.339 0.205 



PERFORMA~~E PARAMETERS FOR DIFFUS~R NO 1. DUMP GAP 0.5 FLOW SpLIT 0.'13'1 

OUTLEr<1-2) 

HEAD(1-3) 

S/L(1-I,) 

(2-3) 

(2-4) 

<3-4 ) 

OUTLET (1-2) 

HEAo(1-3) 

S/LO-4) 

(2-3) 

(2-4) 

C3-4) 

<3-4 ) 

PQEc~UHF. REr.oVERIES LOSS r.OEFFICIENTS ETA~ 

MEAN INNER OUTER MEMl INNER OUTER 

BASED ON OVEQAI.L INLE~ M.W.M. DYNAMIC HEAD 

0.448 

-0.21>3 

0.31,9 

-0.515 

0.294 

-0.947 

-0.13::\ 

0.466 

-0.006 

0.40"1 

-0. 47 2 

-0.058 

0.029 

o . 118 

0.392 

n.Oi3Q 

0.363 

.. 0.041 

0.217 

0.429 

0.387 

0.018 90.031\ 

0.014 426.340 

0.353 46.564 

-0.1)04 

0.336 

0,617 O.AO'1 0.413 n.274 0.212 0.340 

0.448 

-0,21>8 

-0.716 

-0,1)99 

IlASED ON SPLIT INLET ILw.n. DYNAMIC HEAD 

0.414 

-0.493 

0.282 

-0.907 

-0.132 

0.48(\ 

-0.006 

0. 42"( 

-0.49 4 

-0.06 1 

0.029 

O. '18 

o . ]') 2 

0.039 

0.363 

0.040 

0.208 

0.411 

0.168 

0.371 

0.019 90.03A 

0.014 426,340 

0,370 46.56(, 

-0,004 

0.352 

AREA RATIOS 
MEAN JNNFR OUTER 

1 .380 

0.949 

1 .954 

0.687 

1 .416 

GEOMETRI C 

1 .380 

0.953 

1 .997 

0.691 

1 .447 

MEAN INLET 

0.675 

0.464 

0.909 

O.3~6 

0.705 

0.490 

1 .088 

0,355 

0.789 

n.?O;4 1.141 
SP.L1 TIN LET 

1 .353 

(} . 929 

1.812 

n.687 

1 .346 

1 .407 

0.978 

2.172 

0.695 

1 .544 

0,1>17 0.77'3 0.433 0.274 n.203 0.356 1.91>1 2.222 

-, ,371 -'.111? 

-0,190 -0.264 

0,53 7 0.603 

-'.66' 

RAS[D O,j OVERALL LOCAL INLET M.W,M. DYNAMIC HEAD 

-0.903 0.1'?1 

-0.112 . o • 6'15 

0.336 

0.71.1 

-0,008 

0.642 

0. 437 0.238 0.158 0,359 
BA.;FO 0N ~PIJT LOCAL INLET M,W.M. DyNAMIC HEAD 

-1 .002 0.308 -0.009 



r '. 

HEAD(1-3) 

S/L(1-4) 

(2-3) 

(2-4) 

<3-4) 

OUTLETC1-2) 

- He A 0 (1-3) 

S/U1-4) 

(2-:n 

(2-4) 

0-4 ) 

(2-3) 

(2-4) 

(3-4) 

(2-3) 

p~ESSUKr RECoVEqIFS Ln~> roEFFiCIENTS 
MEAN INNER OUTER MEArJ INNER OUTER 

RASED ON nVERAI.L INLET M.V,M. DVNAMIC HEAD 

0.453 

-0.212 

0.:>;57 

-0.6",5 

-n.o96 

0.507 

-n,089 

O,4S? 

-0,59 6 

-O,05S 

0,414 

-0 29 8 

0,290 

·o,71? 

-0,124 

0.022 

0.137 

0,393 

0,11 5 

0.311 

, 0.031 

11,199 

n.339 

n,168 

n.308 

0.016 

0.432 

0.078 

0.416 

0.569 0.541 0.588 0,256 0.140 0.338 
RASEr> ON ~PLIT INLF.T t1.\41i1. DYNAMIC HEAD 

O. (.11 0.022 0.016 

ETAl( 

90.912 

47.259 

0.453 

-0.212 

0.357 

-0.6/\5 

0.511 

-0.090 -0.297 1),137 

0.031 

0,201 

0,342 

0,170 

0,311 

0.093 -4011.222 

n.4% 0.211(\ 

-0,601 -0.701\ 

-0.096 -0,056 -0.123 

0.3'13 

O. 11 5 

0.3/1 

0.429 

0.078 

0.413 

47.259 

AREA RATIoS 
MF.AN TNNFR OUTER 

EFFECTIVE 

1 .380 

1 ,004 

, .975 

0.728 

, ,43' 

GEOMETRIC 

1 ,380 

, .016 

1 ,997 

0.736 

1. 447 

0,623 

0.464 

0.909 

n,336 

O,6'i9 

0,757 

0.553 

1 .088 

0.400 

0,789 

n.895 1.071 
SPLIT INLET 

, .5;1 5 

1 ,1 34 

7,224 

0,744 

1 ,459 

0.5('9 0.546 0,5 8 5 n,2!j(, 0."" 0.336 1,'161 

1 ,280 

0,934 

, .841 

0.730 

1 .438 

, .970 

-1.265. -1.135 

-0.1112 -O.'O~ 

0.529 

-1.314 

.. ..., .. 

-1 .355 

-0.235 

flASEIl Oil OVERAlL LOCAL INLET ~I.w.t~, DY'JAMIC HEAD 

o • 2-1 9 

0,707 

0.320 

0,586 

0.149 

0.79 2 

0,436 O,23R 0,159 0,279 
IlASFD!)N SPUT lOCfI!. INI.ET M.W.M. nVNAtHC ~EAO 

-1.235 0,371 0,135 



PER~ORr'ANCE PAR~I'F.TER~ rOR IlHFUSF:R 11(1 1. nlJtH' GAr> 0.5 FLOW SpLIT 2.025 

OUTLEH1 ;-2) 

HEAD(1-3) 

S/L<1~4) 

(2~3) 

(2-4) 

<3-4) 

OUTLET (1-2) 

HEAD(1-3) 

S/L<1-4) 

(2-3) 

(2-4) 

0-4 ) 

PRESSlJHr REC()VERIFS LO,S CoEFFICIENTS 
t1EAN !NNE~ OlJTER r1EAIl INNER OllTER 

aASED ON OVERALL INLET H.W.M. DYNAMIC HEAD 

-0.3 /,8 

0.;?f,0 

-0.0114 

0.528 

0.19(, 

0.501l 

-0.332 

-0.019 

0. 255 

-0.61'/ 

0.137 

-0, 87 2 

-0.1''1 

0.0'14 

1).156 

O.l.S? 

O.Oil? 

0.3"78 

. 0.059 

0.175 

0.300 

0." 5 

1i.240 

0.082 M.023 

0.146 346.545 

0.528 36.32~ 

0,065· 

0,1.46 

O,60S O,31?' 0,755 0.2970.125 0,381 

0.344 

-0,343 

0.260 

-0.692 

-0,01\4 

f>f,;,EO ON SPLIT lfJLF.T tI.W.IL DYNAMIC HEAD 

0.563 

0.20Q 

n.54? 

0.24'1 

-0.598 

0.13:) 

-0. 84 :; 

-0.114 

0.074 

0,156 

0,452 . 

0, 0112 

0.3/8 

0.063 

0,187 

0.320 

0.123 

0.257 

0.079 69.023 

0.142 346,545 

O.~12 36.323 

0.063 

0.433 

AREA RATIOS 
MEAN INNFR OUTER 

EFFECTIVE 

1 ,380 

0.932 

1 ,835 

0,676 

1 .330 

1.3/l0 

1 .016 

, .997 

0.736 

1.447 

0.587 

0.464 

0.909 

0.336 

0.6~9 

0.793 

0.553 

1,088 

0.400 

0,789 

0.895 1.071 
SPLIT INLET 

1 .710 

, .352 

2.651 

o . '19 0 

1 .550 

O,60 S 

-0.021 

0.333 0.732 0.297 0.133 0.370 1.961 

1 , 2 07 

0.841 

, • 657 

0,696 

1 .372 

1 ,970 

-1 .1 R8 ~O.S69 

-0,143 -0.033 

0.510 0.551 

-0.941\ 

-1.496 

-0.201 

IlASEI'! 0:1 OVERAlL lOCAl INLET M.~J.M. I\VNAlHC HEAD 

0.,1,1 

0.650 

0.198 

O.!.13 

0.111 

0,766 

0.502 0,249 0.221 0.254 
BAsED ON SPLIT LOCAL INLET M.W.M. nYNAMIC HEAD 

~1. 25f. 0.330 0.093 

A "., 



PERFORHAN~E PARftMETrRS FOR DIFFUSER NO 1. nUMP GAP 1.0 FLOW SpLIT 0.783 

OUTl.ET(1-2) 

HEAl>c1-3) 

S/L(1-4) 

<2-3) 

OUTLE;C1-2 ) 

HEAD (1-3) 

S/l(1-4) 

<2-3) 

(2-4) 

(2-3) 

(3-4) 

(2-3) 

PRE~SU~~ RECOVERIES LO~S CoEFFICIENTS 
flEAN 7 rmE:l I)IJHn MEAN JNNER OIITER 

8As~n ON OVERALL INLET M.V.M. DYNAMIC HEAD 

0.:n7 

-0.005 

0.401 

-0.3 /,1 

0.064 

0.290 

-0.30.1 

0.33'; 

-0.591\ 

0.0 41 

0.396 

0.382 

0.49 0 

-0.014 

0.09 4 

0.050 

0.295 

0.01,5 

o . 21.5 

0.059 

0.021 

1),308 

-0.038 

0.041 

O. ,90 

0.278 

0.,49 

0.237 

0.405 0.638 0.108 0.200 0.287 0.089 

-0.0(15 

0.401 

-0.3 /,1 

0.064 

flASE;) ON ~PLTT INLET I1.W.II. DYNAMIC HEAD 

0.27 1, 

-0.291 

0.312 

-0.565 

0.0311 

0.42/l 

0.411-

0. 521\ 

-0.015 

0.101 

0.050 

0.0'.15 

0.295 

0.0 1,5 

0.055 

11. 020 

0.291 

-0.036 

0.236 

0.045 

.0.?OS 

0.300 

0.160 

0.256 

F.TA~ 

67.604 

-2.49;:> 

55.051 

67.604 

-2. 49 2 

55.051 

AREA RATIOS 
MEAN JN~FR OUTER 

EFFEr,TIVE 

1.380 

1.01\3 

1 .874 

0.7!!5 

1 .358 

fiF.OMETR I C 

, .380 

1 .329 

1.9Q7 

0.963 

MEAN INLET 

0.666 

0.491 

0.909 

0.356 

0.659 

0.714 

0.839 

1 .088 

0.608 

0.789 

0.684 0.819 
SPLIT INLET 

1 .275 

0.902 

1 .671 

0.7"f,6 

, .364 

1 .565 

0.405 0.60:; 0.11(, 0.200 0.271 0.1)96 '.853 

, .839 

2.387 

1.175 

1 .525 

1 .298 

-0.556 -0.97"> 

0.104 0.066 

0.445 

-0.R4? 

f\ "r:t? 

-0.023 

0.153 

RASEI:' 011 OVERAll LOCAl INLET M.W.M. OY'IAMIC HF,AD 

0.073 

0.31)9 

-0.061 

0.407 

0.242 

0.387 

0.303 0.220 0.213 0.250 
BAsED ON SPlTT LOCAl. INLET M.W.M. nYNAMIC HEAD 

-0.029 . 0.304 



PERFORHA~~E PAR~rl~T~R~ FOR DI~FUSER NO 1. DUMP GAP 1.0 FLOW SpLIT 1.027 

OUTLET( 1 -2) 

HEAD (1-3) 

S/L(1-4) 

(2-3) 

OUTLET(1-2) 

HEAD(1-3) 

S/U1-4) 

(2-3) 

(2-4) 

(2-3) 

(2-4) 

(2-3) 

ppE~~Wf./r RECovErn F.S LO~~ CoEFFICIFNTS 
t1EA"I !I~NER O\lTf;R MfAil TNNER OUTER 

RASE" ON OVERAI.L INLET H.:I.M. nYNAMIC HEAD 

0.30 5 

0.17'1 

o . 511 

-0.2;>5 

0.1,6 

0.062 

0.509 

-0.327' 

0.120 

0.402 

0.27.,. 

0.51/. 

-0 125 

0.1 1 ~ 

0.027 

0.086 

0.238 

0.059 

0.212 

0.047 

o • 1 1 3 

0.233 

0.067 

0.187 

0.008 

0.059 

0.243 

0.nS1 

0.235 

0.340 0.447 0.237 0.152 0.120 0.184 

O. 3Q 5 

o • 1 71 

0.5,1 

0.116 

BA~E!l ON SPLIT INLF.T II.W.t!. DYNAMIC HEAD 

0.3 71) 

1).060 

0.492 

-11.316 

0.41 5 

0. 28 6 

0. 53 1 

-0.12<; 

0.116 

0.027 

0.Od6 

0.238 

0.059 

0.212 

0.045 

0.110 

0.226 

0,064 

0.181 

0.008 

0.061 

0.251 

0.053 

0.243 

ETA" 

79.41 R 

45.301 

67.608 

79.41R 

45.301 

67.608 

AREA RATIoS 
MEAN lNNFR OUTER 

E FF E r. T I VE 

1.380 

1 .239 

1 .980 

0.898 

1 .435 

GEOMETRIC 

1 .3RO 

1 .249 

, .997 

0.905 

1 .447 

0.61)0 

0.570 

0.909 

0.413 

0.659 

O,7l0 

0,679 

1,088 

0.492 

0,789 

0.728 0.871 
SPLIT INLET 

1 .363 

1.17(\ 

1.878 

1).864 

, .377 

0.340 

o . 116 

0.432 0.245 0.152 0.116 0.190 1.595 

1 , 396 

, • 31 6 

2.1 1 0 

,0,943 

1 .512 

1 .603 

-0.3R? 

0.200 

0.458 

-0.5 65 

0.207 

0.520 

-0.546 

1'\ .... f\I\ 

RAS~D Otl OVE~ALL LOCAL INLET H.W.M. nVNAM!C HEAD 

0.102 

0.361) 

o . 1 1 5 

0.323 

0.0 88 

0,406 

0.375 O.Za5 0.140 0.291 
BA~;FD uN SPIlT LOCAl. INtEr M.W.M. flyNMlIC HEAD 

-0.22/, 0,111 0.1)92 

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



i 

PERFORMANrE PARAMETFR5 FOR nIFFUs~R NO 1. nlJMP GAP 1.0 FLOW SpLIT 1.543 

OUTLET (1-2) 

HEAD (1-3) 

S/L(1-4) 

OUTLET(1-2) 

HEAD(1-3) 

S/L(1-4) 

(2-3) 

(2-4) 

<3-4 ) 

(2-3) 

( 2-4) 

<3-4 ) 

(2-3) 

PQE<;St.lRr ~ErovERIFS LO~S COEFFICIENTS 
~lEAN TIINEH OUTER MEAfJ INNER OUTER 

BASED ON OVEIlAI.L ItJLEr f·l.\I.I~. !)VNAMIC HEAD 

0.301 

0.179 0,210 

o . 54Q 

-0.212 -0.207 

0.103 0.133 

0.375 

0.15,:, 

0.467 

-0.216 

0.092 

0.020 

o .,1<JO 

n.2/,6 

O.OlO 

0.226 

, 0.034 

0.1)84 

0.253 

0.050 

0.219 

0.011 

0.094 

0.241 

0.0 8 3 

0.230 

0.320 0.339 0.308 0.156 0.168 0.148 

0.391 

0.179 

0.4'19 

-0.212 

0.10 3 

tlll:> E:) 011 :; P LIT III LI, T t I. W • 11. D Y N A MIC HE A 0 

0.213 

1'!.55~ 

-0.210 

I) .135 

0.371 

0.157 

0.462 

-0. 213 

0.091 

0.020 

o. O~) 0 

0.070 

0.226 

0.034 

0.085 

0.257 

0.051 

0.222 

0.011 

0.093 

0.239 

0.082 

0.228 

nA% 

78,620 

48.261 

66.630 

78.620 

41\.261 

66.630 

MEA RATIoS 
MEAN INNFR OUTER 

EFFECTIVE 

1 .380 

1 .233 

1 ,95:3 

0.893 

1 .41 5 

GEOMETR I C 

1 .380 

1.233 

1 ,997 

o . 89 I. 

1 .447 

MEAN INLET 

0.591 

0.491 

0.909 

0.356 

0.659 

0.789 

0.743 

, ,088 

0.538 

0.789 

0.77,7 0.883 
SPLIT INLET 

1 .234 

?287 

0.87,0 

1 • 538 

1 .310 

1.233 

1 .807 

0.320 0.34:' 0.305 0.'151\ 0.171 0.146 1.853 

0.941 

1 .379 

1 .466 

-0.31\1 

0.11\ 3 

0.4,3 

-0.351 

0.22'; 

0.492 

-°.3 117 

1\ ? IJ) 

-0.366 

o. ,57 

RA~En O~ OVERALL LOCAL INLET M.W.M. DYNAMIC H~AD 

0.119 

0.383 

0.0115 

0,372 

o . 1 41 

0.391 

0. 4 06 0.213 0.?44 0.195 
RASED 0N SPLIT LOCAL INLET M.W.M. nVNIM1C HEAD 

0.094 0.132 

1\ ., L.. Q 

..... 
\.0 
V1 



PERFORMANrE PARA~ET~RS Fnq DIFFUSER NO 1. nUMP GAP 1.0 FLOW SpLIT 1.985 

OUTLET<1-2) 

HEAD(1-3) 

S/U1-4) 

(2- :s> 

(2_4) 

(3-4) 

OUTLET (1-2) 

HEADC1-3) 

S/U1-4) 

(2-3) 

(2-4) 

(2-3) 

ppE~5URF RECOVERIES LO~' COF.FFICIENTS 
MEAN IqNER OIITER H~A~ INNER OUTER 

AA~En O~ OVERALL INLFr M.W.M. DYNAMiC HEAD 

0.371 

-0.2.>0 

0.0 0 2 

r. • 41 n 

0.541 

O.34d 

0.070 

0.4 23 

-0.27g 

0.035 

o • 1 1 1 

0.251 

0.0?(, 

0.051 

0.10 7 

0.260 

0.056 

0.209 

0.027 

0.113 

0.247 

0.086 

0.220 

0.371 0.25;'\ 0.3 53 0.1!.1 0.153 0.134 

0.371 

o . 1 41 

0.4/'3 

-0,2>0 

0,0"2 

!1A!>EfI ON SPLIT II~L!:T 1'.W.II. OYNAtHC HEAD 

r..,.46 

() 302 

0,5711 

-0,1 4/• 

0,132 

0. 337' 

0.063 

0.410 

-0.27u 

0.Q7:; 

0,035 

0,111 

0.251 

0,076 

0,055 

o. ,,4 
0,277 

0,060 

0,223 

0.026 

0.109 

0.240 

0,0 8 3 

0.213 

ETAY. 

74.525 

3~.859 

64,352 

74,525 

3~.859 

64.357 

AREA RATIOS 
MEAN INNFR OUTER 

EFFEcTIVE 

1 .380 

1.226 

1 ,845 

0.889 

1 .337 

(jEOMF.TR r c 

, ,31\0 

1 .238 

,.997 

0.897 

1.447 

MEAN INLET 

O. 541 

0,464 

1).909 

().3~6 

0.659 

0.839 

0,774 

1,088. 

0,561 

0.7'89 

0.7~4 O,8l9 
SPLIT INLET 

, .565 

1 ,342 

;>.63' 

O.il<;? 

1,61\1 

0,371 0,2 7 6 0.342 0.11.1 0,163 0.,30 1.961 

1 .282 

1 ,183 

, .663 

0,92:5 

1,297 

1.405 

-0.31\6 

O. 1 ~ 4 

O,4~O 

"0 .. 227' 

0,20:1 

0,472 

-0,28;; 

-0.463 

0.127' 

nA~ED 011 nVEQlll LO~~L INLET M.W.M, DYNAMIC HEAD 

11,1:';8 

0.365 

0.094 

0,351 

0.144 

0.3?0 

0,416 0,188 0.280 0,158 
BA5FD uN SPLIT LOCAL INLET H,W,M, DYNAMIC HEAD 

O. , 19 o • , 31 

.... '" " - ,. ~ 



, 
rERFORHANre PARAMETERS FOR DI~FU5ER ~n 1. nUllP GAP 2.0 FLOW SpLIT O.A23 

OUTLET{1~2) 

HEAD(1~3) 

Stu1-4) 

(2-3) 

(2-4) 

0-4 ) 

OUTLET (1-2) 

HEAD(1-3) 

StU1-4) 

(2-3) 

(2-3) 

(2-3) 

p~E~~URC RE~I)VERIES LO~3 fnEFFICIFNTS 
MEAN lrINE'< (HllER MEAN INNER OUTER 

r\,\SEO ON IlVERA! L It-JL['T M.~I.~,. DYNAMIC HEAD 

0.3 1.5 

~O.215 

0.01\6 

0.321 

~().03~ 

-11.352 

0.0 73 

0.483 

0.005 

0.100 

0.160 

0.235 

n.123 

0.1913 

0.047 

0.157 

0.204 

0.11 0 

0.157 

0.021 

0.165 

0.286 

0.265 

0.302 0.430 O.OQj n.07~ 0.047 0.121 

0.1 ~O 

0.431 

-0.215 

~ASE;) ON "PUT INLET H.I~.I'. DYNAMIC HEAD 

0.300 

-0.02<1 

0.373 

~O.32Q 

0.0'13 

0. 43 0 

0. 43 6 

o. 54:~ 

0.006 

0.113 

0.0.s7 

0.160 

0.235 

0.123 

0.,')1) 

0.044 

0.1/.7 

0.103 

0.146 

0.024 

0.135 

0.322 

0.1 62 

0.29 8 

ETAX 

69.269 

29.916 

63.087 

69.269 

29.916 

63.087 

AREA RATIOS 
MEAN lNNFR OUTER 

EFFECTIVE 

1.31\0 

1 .299 

1 .739 

0.?1.2 

1 . 260 

0."152 

0.698 

0.909 

0.506 

O.6~9 

0.628 

0.711 

1 .088 

o . 51 5 

0.789 

n.645 0.7'f3 
GFOMFTRIC SPLIT INLET 

1 .31\0 

1 .409 

1 .997 

1 .021 

, .44" 

1 • 273 

1.11\2 

1 • 5 3? 

0.n8 

1 .? 09 

1 .534 

, .7 3 6 

2.658 

, • , :5 2 

0.01\6 

0.3(12 0.402 0.107 0.Ol5 0.01.4 0.137 1.303 

1 .733 

, • S 31 

-0.3 /,3 

0.140 

0.47,1, 

~O.570 

0.127 

0.45(, 

~O.50? 

f'I "''''''' 

0.01)<} 

0.1 6 2 

RASED Orl OVERALL LOCAL INLET M.W.M. OYNAMIC H~An 

0.1')Q 

0.320 

0.178 

0.253 

0.232 

0.429 

0.232 0.106 0.049 0.361 
BA:. F tJ IHI S P I TT L 0 C A l I N I. ET M. W • M. n Y N A M I C HE A D 

0.011 0.157 0.7.96 

f'\. .,. {' ~_ " ~/.A 



OUTLEi(1-2) 

HEAD(1-3) 

(2-3) 

(2-4) 

(3-4) 

OUTLET(1-2) 

. HEA0(1-3) 

S/L(1-4) 

(2-3) 

". 1 ... _ ... 

PQE~SUKE RE~OVERIFS LO~S CnEFFIClfNTS HAY. 
!1eAN llUlER OIJTER MEAW INNER OUTER 

BASED ON OVERALL INLET H.W.M. DYNAMIC HEAD 

0.3(,5 

0.220 

0.516 

-0.11,5 

o • 1 51 

0.355 

o . , ;;: 5 

0.S1? 

-0.230 

o. , 57 

0,370 

0,321 

0.520 

-0,055 

0.144 

0.097 

0.2lS 

0.064 

0.197. 

0.048 

0.126 

0.210 

0.078 

0,163 

0.018 

0.0 6 8 

0.7.40 

0.050 

0.222 

73.304 

51.6111 

68.69~ 

0.295 0.387 0.1 99 0.128 0.085 0.173 

0,3",5 

0.220 

0.516 

0.151 

flA<:l::n ON ~pLlT INLI'T I1.W.!I, DY~IA"'IC HEAD 

0.340 

0.120 

0.491 

-0.221) 

o . 1 51 

-0. 05i~ 

0.151 

0.033 

O,O!)7 

0,225 

0,064 

0.046 

0.120 

0.21}2 

0,075 

0.156 

0,019 73.304 

0,071 51,618 

o.?5268.69~ 

0.052 

0.233 

AREA RATIOS 
MEAN IN~FR OUTER 

EFFECTIVE 

1 .3 R 0 

1 ,292 

1 .9'59 

0.936 

1 .419 

GF.OMF.TR I C 

, .380 

1 .301 

1 .997 

0.9/.3 

1.447 

MEAN INLET 

0.6<;8 

n.6?2 

o.r;09 

0.451 

0.6'59 

0.71.2 

0.679 

1 .088 

0.492 

0,789 

0.699 0.837 
SPLIT INLET 

1 . :5 n6 

1 .234 

1 .804 

0.945 

1 .311 1 

0.20 5 0.371 0.2013 0.1211 f).nIl1 0.1 8 1 1.4t'>2 

, .455 

, .369 

2,'95 

0.941 

, .50B 

, .603 

-0.240 

0.251 

0.433 

-0.382 

0.26;:> 

-0.09, 

0.23'1 

BASU) OiJ OVEQAI.L LOCAL IIlLET r~.14.M. DY'JAMIC HEAD 

0.107 0.130 

0.271 

0.083 

0.370 

0.351 0.187 0.107 0.305 
BAs~O ON SPLIT LOCAL INLET M.W.M. nYNAHIC HEAD 

-0.093 o. , 22 0.n89 

,., 
\D 
co 
I 



OUTLET(1-Z) 

HEAD<1-3) 

S/L(1-r.) 

(2-3) 

(2-4) 

<3-4 ) 

OUT~eT(1-2) 

HEAD(1-3) 

S/U1-4) 

(2-3) 

(2-4) 

<3-4 ) 

(2-3) 

(2-4) 

(2-3) 

pnE~SUM[ nECovE~IFS LOS~' COEFFICIENTS 
t·IEAN I:JNER OIJTEIl r~FAiJ INNER aLITER 

RASE" ON nVERAIL INLEr M.~.M. DYNAMIC HEAD 

0.3~:; 

O.S~1 

-0.131 

0.1;2 0.160 

0.359 

o 26;' 

0.51J() 

-0.092 

0.14" 

0.020 

0.100 

0.221 

o.o;~o 

0.201 

0.017 

0.069 

0.248 

0.052 

0.231 

0.021 

0.120 

0.2 04 

0.09 8 

0.183 

0.259 n.290 0.239 0.121 0.180 0.084 

0.3<,>9 

0.2<'>2 

0.5?1. 

'lA5Ef) ON SPUT INLET I1.W.11. DYNAMIC }lEAD 

o . 391\ 0.352 

n.262 

O.56? 

-0.135 -0 09 0 

n .16<; 0.14/. 

0.020 

0.100 

0.221 

0.030 

0.201 

0.018 

0.071 

0.256 

0.054 

0.239 

0.021 

0.118 

0.200 

0.0 9 7 

0.179 

ETAX 

74.154 

54.581 

69.799 

74.154 

69.799 

AREA RATIOS 
MEAN INNFR OUTER 

EFFECTIVE 

1 .356 

0.91',3 

1 .406 

GEOMFTRIC 

, .380 

1 .361 

, .997 

0.91l7 

1 .4/.7 

0.%8 

n.909 

0.356 

0,659 

o ,8H 

0.871 

, .088 

0,631 

0.789 

0.6<,>8 0.799 
SPLIT INLET 

1.1,,74 

1 ,274 

2.3<'>1 

0.864 

1 .602 0.1 52 

0.259 n.300 0.23/, 0.121 0.11\5 0.0 8 3 1.053 

1 ,321 

, .416 

1 .770 

1 .072 

, ,340 

, .250 

- 0 • 1 76 

0.2 /•3 

0.40 6 

-0.214 

0.261 

0.450 

-0.231 

BASEn Od OVERALL LOCAL INLET M.W,M. DYNAMIC HEAD 

o . 1 31 

0.329 

0.085 

0.379 

o. , 61 

0.299 

0.37~ 0.190 0.278 0,133 
BAsFD ON SPLIT LOCAL INLET M.W.M. nYNAMIC HEAD 

-0.14/. 0.091 0.154 

.... 
\J) 
\J) 

. I 



, , 

OUTLET (1 ~2) 

HEAD(1-3) 

S/L(1~4) 

(2~3) 

(2~t.) 

(3- 4) 

OUTLEr (1-2) 

HEAD(1-3) 

S/U1-4) 

(2-3) 

(2-4) 

(3-4 ) 

(2-3) 

(2-4) 

0-4 ) 

(2-.~) 

P~F.~~IJHr pEC()VERIES LOSS r.oEFFICIENTS 
HEAN INNER ul/TER MFAN TNNE~ OUTER 

RASED ON OVERALL INLEr H.W.M. DYNAMIC HEAD 

0.3('4 

0.2;>6 

0.504 

0.1 /.0 

0.397 

0.323 

a.52?' 

-n.075 

n.125 

0.177 

0.49 5 

-0. 171 

o 147 

0.025 

n.120 

0.133 

0.042 

0.195 

0.277 

0.153 

0.235 

0.017 

0.120 

0.174 

0.103 

0.156 

0.278 0.19 0 0.318 0.063 0.082 0.054 

0.2;>6 

0.504 

-0. n3 

"A~ED ON SPLIT INL1'T fI.W.I!. DYNAMIC HEAD 

n.3!.I. 

0.557 

-n.08;) 

0.133 

0,33'1' 

0,171 

0. 48 U 

-0 16c, 

0.1/.:1 

0.025 

0.1/,5 

(i.2011 

0.120 

0.133 

0.045 

0.208 

0.295 

0.163 

0.251 

0.017 

0.116 

0.168 

0.100 

0.152 

ETAX 

73.104 

47.147 

70.090 

73.104 

47.147 

70.09 0 

A~EA RATIoS 
MEAN TNNFR OUTE~ 

EFFECTJVE 

1 .380 

, ,354 

1 .845 

0,981 

1 .3:,> 7 

GEOMETRIC 

1 .380 

1 ,31\2 

, .997 

1.002 

1.447 

MEAN INLET 

0.544 

(1.909 

0.394 

0.659 

0.847 

0.839 

1.088 

0.608 

0,789 

0.658 0.787 
SpuT INLET 

, .546 

, .576 

;>,635 

, .019 

1 .704 

0.278 °.212 o 30') 0.063 0.087 0.052 1.672 

1.292 

, .280 

, .662 

0,991 

, .286 

, .298 

-0.2;>6 

0.2;>9 

0.443 

-0.12~ 

0.201. 

0.475 

-0.150 

-02Ro 

flA~EO Od OVEQAlL LOCAl I'lLET M.\,I.M. DYNArHC HeAD 

0.191> 

().299 

0.250 

0.384 

0.168 

0.?56 

0.433 0.100 0.195 0.073 
BASFD ON SPLIT LOCAL INLET M.W.M. nVNAMIC HEAD 

-0,256 0.307 0.154 

- ,..,. 

N 
o 
o 



PERFORMANCE PARAMETERS F~R DIFFUSER NO ~. DUMP GAP 0.5 FLOW SPLIT 0.583 

JUT LET (1-2) 

HEAD(1-3) 

SI L(1-4) 

«:-4) 

(.S-4) 

OUTlEH1-2) 

HEAD (1-3) 

S/L(1-4) 

(.S-4) 

I'I __ ~' 

PRESSURE REC~VERIES LOSS COEFFICIENTS ETAX 
MEAN InNER nUTER MEAN INNER OUTER 

BASED ON OVtRALL INLET M.W.M. DYNAMIC HEAD 

0.465 

-0.633 

0.259 

-1.096 

-0.204 

0.4\12 

-1.240 

\1.\1'15 

0.:>06 

0.4U8 

0.:>40 

-1.642 -0.1:>8 

-U.3U8 .. -0. U26 

0.016 

0.292 

0.394 

0.a6 

0.3(8 

0.021 

0.381 

0.495 

0.360 

0.474 

0.00:> (5.854 

O.UU 58,f::'0 

U.134 

0.210 

0.892 1.355 0.153 0.102 0.114 0.082 
. BASI:D ON SPLIT INLET '·'.W.ll. OYNAl1IC HEAD 

0.463 0.3(5 

-0.635 -1.1:>6 

0.259 0.0 11 8 

-1.09b -1.551 

-0.204 -0.2117 

0.b49 

0.4b7 

0.b19 

-0.1111 

O. U1 6 

O. '(.92 

0.394 

O. '1.76 

0.578 

0.020 

0.356 

0.462 

0.336 

0.442 

0.005 (5.854 

O.D'I 280,(43 

0.252 38.(50 

0.D4 

0.24( 

AREA RATIOS 
MEAN INNER UUTER 

EFFECTIVE 

1. )67 

0.883 

, .69 ( 

0.564 

1.083 

GEOMETRIC 

1.:)67 

1.142 

.1.997 

0.729 

1.275 

MEAN INLET 

0.760 

0.464 

0,909 

0.296 

0.580 

U.8U6 

U.O(9 

1,U88 

U.45.s 

0.796 \I.95;) 
SPLIT INLET 

1,250 

0,762 

1 ,494 

0.610 

1. 1 96 

1 • (34 

2.(80 

U.842 

0.392 1.244 0.152 0.102 0.106 0.0'14 1.961 1.0U3 

-2.105 -3.D4 

-0.392 

0.66b U.6Y1 

-0.5\14 

-0.U49 

BASED ON OVERALL LOCAL INLtT M.W.M. DYNAMIC HEAD 

0.550 

0.725 

0.692 

0.910 

0.25( 

0.414 

0.406 0.076 0.059 0.2:>U 
BASED ON SPLIT LOCAL INLET M,W.M. DYNAMIC HEAD 

-0.523 0.444 

_n II)(~ n 7'tn Cl 71 t... 



PERFORMANCE PARAMETERS FOR DIFFUSER NO Z. DUMP GAP 0.5 FLOW SPLIT 0.772 

UEAD(1"3) 

SIL(1 .. 4) 

HEAD(1"3) 

SIL(1-4) 

(2-3) 

0-4 ) 

(l-3) 

(l-4) 

0-4 ) 

",_/~_I' 

PRESSURE RECOVERIES LOSS COEFFICIENTS ETA" 
MEAN IHNER DUTE. M~AN INNER OUTER 

BASED ON OVERALL INLET M.W.M. DYNAMIC HEAD 

0,504 U.460 0.0;S7 0,055 U.01l 1l2,642 

"0,202 -U.6U1 

0.562 

0 • .514 0.152 

0.301 

0.164 

0,349 

0.109 

0.294 

0.15ts -714.129 

0.410 

"0.707 

"0.094 

0.3lU 

-1. U61 

-U.140 

-0.247 

-0.U.55 

0.115 

0.264 

U.23ts 

0.H6 

o. Uc> 

56,:>59 

0.612 0.9~1 0,212 0.148 0.11l5 0.10U 
. BA SED 011 :; P L IT 1NL E T 11, W • 1-' • D Y N Ar.u C H EA D 

0.504 

-0.202 

0.410 

-0.707 

"U.094 

U.453 

-0.566 

0 • .502 

-0.9'19 

-U.1.52 

0.611 

0.542 

0.5(3 

-0.269 

-O.O.HI 

0.U37 

0.152 

0,301 

0,1 D 

0.264 

0,052 

O,H4 

0.329 

0.102 

0.277 

0.013 ts2,642 

0.150 -714.129 

0.25'1 

0.15r 

0.24C> 

AREA RATIOS 
MEAN INNER UUTER 

EFFECTIVE 

1. '.>67 

0.992 

1.!S65 

0.633 

1 .191 

GEOMETRIC 

1 .567 

1 .142 

·1.99'( 

0.729 

1.275 

MEAN INLET 

0,755 

0,464 

0,909 

0.2'16 

0.580 

U.ts1l 

0, c> ('I 

1 ,U~lll 

0.435 

0.c>95 

0,796 0.'155 
SPLIT INLET 

1.379 

0,847 

1,661 

0.614 

1,204 

1.('15 

1 .500 

<:,40) 

1J.1l.5C> 

1 .541 

0.612 0,251 0,148 0.175 0.10'1 1,961 1,60$ 

-1.540 -2.312 

-0,205 -U.5U5 

0.S/l4 0.615 

-1.941 

-0,559 

-0.0(6 

BASED ON OVERALL LOCAL INLET M.W.M. DYNAMIC HEAD 

0.252 

0,575 

0.237 

0.641 

0.2(4 

0.4'15 

0.455 0.141 0.124 0.215 
BASEO ON SPLIT LOCAL INLeT M,W.M, DYNAMIC HEAD 

"0,114 0.199 0.364 

N 
o 
N 



PERFORMANCE PARAMETERS FOR DIFFUSER NO ~. DUHP GAP 0.5 FLOW SPLIT 1.219 

0-4) 

OUTLET (1"2) 

HEAD(1-3) 

(3-4 ) 

(~-3) 

(3-4) 

(~-3) 

PRESSURE REC~V~RIES LOSS COEFFICIENTS 
MEAN I~NlR OUT~R MEAN INNER OUTER 

BAS~D a~ nV~RALL INLET M.w.H. DYNAMIC HEAD 

a.539 

a.106 

0.491l 

-0,435 

-0.04~ 

V.5:>1 

V.OUIl 

V,51V 

-U.54~ 

-V.04U 

0,550 

o , 1 116 

O,41l7 

-0.544 

-0.V43 

O,V34 0,053 V.V11l 

O.n8 0,099 -V,O~9 

O.~58 O,261l V,2:>0 

-O,V{)6 0,045 -0.04f 

O,~~4 0,215 

0.391 V.5V2 0.501 0,230 0.169 O.21l0 
BASED O~ SPLIT INLET M,W,H. DYNAMIC HEAD 

0,539 0.:>41 0,054 0.053 O,011l 

0,106 0.01l1l O. 1 119 0.09 ( -0.050 

a.491l 0.5111 0,494 0,264 

-0.435 -0,549 -O,OV6 0.045 -O,041l 

-0.0',0 -0.044 0.2/!4 0,211 0.25C> 

ETA" 

1l8.366 

48.698 

c>!>.447 

1l8.366 

41l.698 

65.447 

AREA RATIOS 
MEAN INNER UUTER 

EFFECTIVE 

1.567 

1 • , 06 

1.997 

0"06 

1 • 275 

MEAN INLET 

0.717 

0.491 

0.909 

0.315 

0.580 

1.01l1l 

0.595 

0.C>9!> 

O,Il22 O,YIl4 
GEOMETRIC SPLIT INLET 

1 .567 

1 .106 

1 .997 

0,(06 

1 .275 

1 .597 

1.093 

2.025 

0.61l4 

1.268 

, .542 

1.11f 

1 ,Y (5 

o .f~4 

1 • ~1l1 -0.04~ 

0,391 1I.493 0.5U5 0.250 0.1c>6 0.21l4 1.853 1,fC>tI 

-1.016 -1.2f2 

-0,09 B -0.OY5 

0,452 0.5!>1 

-1.311 

-11 IIYX 

-0.1l06 

-0.101 

BASED ON OVERALL LOCAL INLET M.w.M. DYNAMIC HEAD 

-0,015 0,107 

0.504 

-0.111 

0.54:> 

0.5C>3 0.266 0.186 0.351l 
BASED ON SPLIT LOCAL INLET M,w.M. DYNAMIC HEAD 

-0.71!>6 0.110 -0.101l 

-n oyn n_",'1 O_·>.5~ 

N 
o 
w 



PERFORMANCE PARAr1ETERS F0R DIFFUSER NO Z. DUMP GAP 0,5 FLOW SPLIT 1.820 

UUTlET(1-'0 

HEAD (1-3) 

(l-4) 

(.5-4) 

OUTlET(1-2) 

HEAD(1-3) 

SfU1-4) 

(l-5) 

<.5-4) 

(l-3) 

(l-4) 

15-4) 

"- (/_1.' 

PRESSURE REC0VERIES LOSS COEFFICIENTS 
MEAN I~NER OUTER MEAN INNER OUTER 

BASED ON OVERALL INLET H.W.M. DYNAMiC HEAD 

0.504 

0.037 

0.454 

-0.467 

-0.051 

U.lI6 

U.504 

-U • .5U6 

-U.U13 

0.462 

-0. UY 4 

0 • .5'13 

-0.555 

0.U37 

0.U45 

0.274 

0.UU8 

0.257 

0,035 

0,106 

0.241 

0.071 

O,2U:> 

U.Oj~ 

U.U12 

U.2Yj 

-U.0~6 

0,416 U.21l8 0.4~6 0.~29 0.13:> 0.2~U 

. BASED ON SPLIT INLET M.W.H. DYNAMIC HEAD 

0,50 4 0.610 

0,037 0.2'10 

0.454 0.5'12 

-O,46( -U • .5~1 

-0.051 -0.U18 

0.037 

O,j~3 U.274 

-0,542 O,OUB 

-0,067 0.~57 

0.U37 

0.111 

0.252 

0.074 

0.215 

U.OoS( 

U.U1~ 

U.l4~ 

ETAX 

Ill,654 

~5.Y84 

62.U18 

1l2.654 

~5.984 

62.U18 

AREA RATIOS 
MEAN INNER UUTER 

EFFECTIVE 

1 .567 

1 .057 

1 • B8 7 

0.675 

1 .204 

GEOMETRIC 

1 .561 

, .106 

. 1 • '19 7 

0.706 

1 .275 

t~EAN INLET 

0.694 

0,491 

0,909 

0.313 

0.580 

U.~(2 

U.616 

1.U1l8 

U • .5Y:S 

U.6Y5 

0,822 U.YIl4 
SPLIT INLET 

1.921l 1 • .565 

, .362 U.Y62 

2.524 1 • (01 

0,706 U.rU6 

, ,309 , .241l 

0.416 O • .5Ul 0,4(4 U.l<!9 U.141 U.2f4 1.853 , • (61l 
CASED ON OVERALL LOCAL INLET M.W,M, DYNAMIC HEAD 

-1,020 -0.61>7 -1.213 0,017 . 0.154 

-0,1" -U.U.58 -0,15' 0,517 0,448 

0,454 0.5l14 0.459 0.250 0.236 U.2!lOS 
CASED ON SPLIT LOCAL INLET M.W.M. DYNAMIC HEAD 

-0.YU9 -1.057 0.210 -O.O!lU 

_n 1.H n '" 11 0.10114 

I'V 
o 
.I> 

I 



PERFORI1ANCE PARMETERS F(')R DIFFUSER tJO ~. DU~IP GAP 0.5 FLOW SPLIT 2.561 

PRESSURE RECI'JVEHIES LOSS COEFFICIENTS ETAX AREA RATIOS 
I·IEAN J " N E R . nUHR MEAN INNER OUTER MEAN INNER· UUTER 

[1,~SED ON nV~RALL INLET 11.W.11. DYNA/1IC HEAD EFFECTIVE HEAN INLET 

OUTLET<1-2) 0.450 0.!):>8 O,4U3 0,035 O,04~ O,OS1 f3. 767 1.S67 0.661 O.YUS 

fjEADC1-3) -0,12 7 0.3('9 -0,321 O.OlO 0,1 1 ~ 0.0:>4 -243.1l65 1 .004 0.464 0.t>4( 

S/L(1-4) 0.357 0.!)47 O. jU~3 0.31.5 0,252 0 • .5S6 :>3.019 1 "1.5 0,909 l,U!H! 

(2-3) -O,57f -O,11l9 -O,f29 0.035 0.067 0.0205 0.641 O,~96 U, 41.5 

(~-4) -0.093 -0.Ul1 -0.125 0.ll7 O.~OIl () • .5U!I 1 .093 O.SIlO 0.6Y!I 

(3-4) 0,484 U,'OI 0.604 0.242 0.14U 0.21l2 0,818 O,YIlO 
BASED OIl ::;PLlT INLET II • W • I-I , DYNAMIC HEAD GEOMETRIC SPL IT INLET I\.l 

0 

VUTLET(1-2) U,45U 0.624 0, Sy 2 o.OSS O.u!>u O.OSO 13./67 1 ,':167 2.271 1, 2f ( 
U1 

HEAD(1-3) -0,127 0,41.5 -0.jU8 0,070 0.125 0.O!l2 -~43.1l65 1 .111 1.593 0,915 . 

SILC1-4) 0.3':1f 0.t>12 O,U2 0.313 0.21l~ 0.32S !l3.019 ·1.997 3.123 1. !IS, 

(2-3) -O.S7f -0.21' -0.'00 0.035 0.076 o.oa 0.709 0.701 0,(1 :> 

(2-4) -0.095 -O.O'~ -0.120 O.Ul 0.23~ 0.2YS 1.as 1 .375 1.202 

(.5-4) 0.41l4 U.199 0.!l1l0 0.242. 0.157 V,U1 1 .96' l.61l2 
BASED ON OVERALL LOCAL INLET M.W.11. DYNAMIC HEAD 

(2-3) -, .122 -0.367 -1.416 0.06/1 O. , .5, 0.04:> 

C2-4) -0.181 -0.021 -0.243 0.~39 0.403 0.!>Y5 

(3-4) 0.459 0.4S~ O.4t>2 o .a9 0.340 0.21t> 
BASED ON S PLl T LOCAL I N LE T M.W.M. DYNMIIC HEAD 

(2-3) -(),649 -, .21' 0.23.2 O.OSY 

" CL_I.} -11 (L~7 -0 l07 n.713 0_'>01 



PERFORMANCE PARAMETERS FOR DIFFUSER NO ~. DUMP GAP 0.8 FLOW SPLIT 0.709 

O\lTlET(1-~} 

HEAD(1-3} 

S/L<1-4} 

(l-4) 

U-4} 

OUTLET(1-Z} 

HEAD <1-3) 

(l-3) 

U-4) 

<.5-4 ) 

<t!-3) 

PRESSURE RccnVcRIES LOSS COEFFICIENTS 
MEAN INNER OUTER MEAN INNER OUTER 

BASED ON nVERALL INLET M,W,M, DYNAMIC HEAD 

0,450 U,4t!1 

O,11t! -U,10" 

0,478 U.456 

-0.338 

O,021S U.UU9 

O.4!l3 

0.4t!1 

0.::'.57 

-O.Uc>Z 

O,U:'4 

0.0:'0 

0.053 

o.az 

0.003 

0.172 

0.053 

O.O"~ 

0.21t! 

O.OU 

O. D'1 

U.U4!l 

u.ou 

-a.uu 

U.1!l( 

0,366 0.::'43 0.116 0.169 0.137 0.21.5 

U.450 

0.11t! 

0.47!l 

-0.33!l 

O.OZIS 

BASED ON SPLIT INLET M.W.M. DYNAMIC HEAD 

U.4U1 

-0.1U1 

0.410 

-U.:,02 

U.009 

0.4C>Z 

O,::'!l9 

-O,OC>8 

O,U59 

0.050 

0,053 

o,az 

0.003 

O.17Z 

0.050 

0.071 

0,199 

0.021 

0.149 

0.0:'.5 

0.0t!4 

-U.OI.'1 

0.2U:' 

ETAX 

(3.721 

45.162 

67.1.60 

(3.721 

45.162 

67.260 

AREA RATIOS 
MEAN INNER' UUTER 

EFFECTIVE 

1 .567 

1.127 

0.720 

1 .160 

MEAN INLET 

0.7150 

0.570 

0.909 

0.364 

0.580 

o. nu 
U.64( 

0.41.5 

0.6'1) 

0.747 U.!lY4 
GEOMETRIC SPLIT INLET 

1.567 

1 • ~1 7 

1 .997 

o. '71 

1.275 

1.383 

1 .010 

1. 611 

0.731 . 

1 .165 

1.!l0::' 

1 .4l:1) 

0.!lt!3 

1.Sl:l4 

0.366 0.::'11 0.1t!7 0.169 0.129 0.2.54 1.595 1 • bill. 

-0.676 -1.0C>B 

0.056 0.013 

0.43l:1 0.4'16 

-U.'115 

() "16 

.,0.1t!4 

0.103 

BASED ON OVERALL LOCAL INL~T M.W.M. DYNAMIC HEAD 

0.007 0.044 

0.318 

-u.O:'.5 

0.:S(.5 

0.247 0.t!02 0,125 0.4:':" 
BASED ON SPLIT LOCAL INLET M,W.M. DYNAMIC HEAD 

-0.163 0.0311 -u.O(U 

11 147 0.272 

I\) 

o 
(J) 



PERFORrlANCE PARAMETERS FOR OIFFUSER NO l. DUMP GAP 0,8 FLOW SPLIT 0.969 

JUTlET<1 -~) 

<5-4) 

OUTlET< 1-2) 

HEAD(1-3) 

S/l(1-4) 

<5-4) 

<5-4) 

~·(;_l.'\ 

PRESSURE RECOVERIES LOSS COEFFICIENTS 
MEAN 11NER "UTER MEA~ INNER OUTER 

BAseD ON OVERALL INLET M,W.M. DYNAMIC HEAD 

0,480 

0.246 

0.539 

-0.235 

0.059 

0.4(3 

0.115 

-0.3:>11 

0.0:>6 

0.4118 

0.5110 

0.549 

-0.1U3 

0.061 

0.U37 

0.l06 

0.006 

0.116 

0.041 

0.073 

0.204 

0.032 

0.164 

O.OlO 

-0.000 

O.lUIl 

-O.OlU 

0.11:111 

0.295 0.414 0.169 0.169 0.13l 0.2UIl 
. BASED ON :;PLlT INLET /l.W.r-l. DYNArHC HEAD 

0.480 

0.246 

0.539 

-0.235 

0.059 

0.4:>3 

u • 1 1 0 

0.507 

-0.543 

0.0:"4 

0.511 

0.5YQ 

0. 5 '6 

-0.113 

0.051 

0.037 

0.l06 

0.006 

0.176 

0.039 

0.070 

0.196 

0.031 

0.157 

-U.OUO 

O.lHI 

-0.Ol1 

0.1'1 , 

ETAX 

(8.702 

66.857 

(1 .646 

(8.702 

66.857 

(1.646 

AREA RATIOS 
MEAN INNER OUTER 

EFFECTIVE 

1 .567 

1 .l29 

1.965 

0.785 

1 .254 

MEAN INLET 

0,731 U.I:I$6 

0.570 0.6('1 

0.909 1.U8/l 

0.364 0.4$,5 

0.580 

0.728 U.I:I11 
GEOMETRIC SPLIT INLET 

1 .567 

1.1.49 

'1.997 

0.797 

1.1.75 

1.466 

1 ,143 

1.823 

0.780 

1 .244 

1 .661 

1 .354 

l.1 l1 

U.81l 

1 .50l 

0.295 0.5'17 0.1(7 0.169 0.126 0.2111 1.595 1 .6U3 

-0.480 

0.120 

0.409 

-0.7 5l 

0." 4 

0.4114 

-0.6'6 

n "10( .. 

-O.llO 

0.1l5 

BASED ON OVERALL LOCAL INLET M.W.M. DYNAMIC HEAD 

0.013 

0.359 

0.066 

0.335 

-0.041 

O.lY4 0.236 0.154 0.36l 
BASED ON SPLIT LOCAL INLET M.W.M. DYNAMIC HEAD 

-0.l41 0.06() -0.045 

n .,.t;.7 n "(nO 11 I. / 'I 

'" o 
-.J 



PERFORr1ANCE PARAMETERS FnR DIFFUSER NO 2. DUMP GAP 0.8 FLOW SPLIT 1.004 

HEAD(1-3) 

SfL(1-4) 

0-4 ) 

OUTLET(1-2) 

HEAD(1-3) 

(j-4) 

<i!-3} 

U-4} 

<"S-4} 

(l-5) 

PRESSUHE REcnVERIES LOSS COEFFICIENTS 
MEAN IrlNER OUTER MEAN INNER OUTER 

BASED ON nV~RALL INLET M.w.M. DYNAMIC HEAD 

0.4!1I1 

0.254 

0.545 

-0.234 

0,055 

0.41;13 

0.159 

0.559 

-0.544 

0.055 

0.4'13 

O,5b8 

0.547 

-0.1~5 

0.054 

0.028 

0.049 

0.206 

O.Oll 

0.178 

0.036 

0.106 

0.204 

0.070 

0.16/l 

0.01'1 

-1).OUlS 

U.201:l 

-U.O~( 

0.11:19 

0.289 0.3'19 0.1(9 0.157 0.097 0.216 
,BASED ON SPLIT INLET M.W.M. DYNAMIC HEAD 

0,488 

0,254 

0.545 

-0,234 

0,055 

0.465 

0.154 

0.519 

-U.351 

U.053 

O,5/l3 

0.510 

-0.1$0 

0.057 

0.028 

.0.U49 

0.2U6 

0.022 

0.1/8 

0.034 

0.102 

0.196 

0.068 

0.161 

U.o~o 

-0.001:1 

O. ~ 1 ( 

U.1'1 ( 

ETAX 

(9,992 

62 '(66 

(1.966 

19,992 

62,(66 

(1.966 

AREA RATIOS 
MEAN INNER OUTER 

EFFECTIVE 

1.567 

, .267 

1 • '174 

0.809 

, .260 

GEOMETR I C 

1. 567 

, .275 

, , .997 

O. IS1 4 

, .2?5 

MEAN INLET 

0.729 0.057 

0.596 0.6(9 

0,909 

0.3131 0.453 

0,580 0.695 

0.713 U.IS:>4 
SPLIT INLET 

1,489 

1,217 

1 .856 

o ,a1 7 

1 .246 

1 .64' 

1 • 5 oS 1 

t.154 

U.lS1, 

1 • ..sUU 

0.289 0.11S? 0,157 0.094 U.2~5 1,525 1 .6U"S 

-0.484 

0.4' :; 

-0. (10 

0.114 

-0.6b2 

tI 1 () 7 

-O.i!58 

0.112 

BASED ON OVERALL LOCAL INLET M.W,M. DYNAMIC HEAD 

0.044 

O.361S 

0.145 

0.346 U.3'10 

0.i!98 0.225 0.123 0.360 
BASED ON SPLIT LOCAL INLET M.W.M. DYNAMIC HEAD 

-0.U9 0.135 -0.061 

n ,,,.,., n {.'/1 

N 
o 
co 



PERFORMANCE PARAMETERS FnR DIFFUSER NO Z. DUMP GAP 0.8 FLOW SPLIT 1.789 

OUTLET<1-Z) 

SIL(1-4) 

U-4) 

OUTLET(1-Z) 

It EAD (1-3) 

<.!-4) 

(5-4) 

<<::-3) 

(2-4) 

(5-4 ) 

PRESSURE RECnV~RIES LOSS COEFFICIENTS 
MEAN InNER OUT~R MEAN INNER OUTER 

BASED ON OVERALL INLET M.W.M. DYNAMIC HEAD 

0.479 

0.251 

·0.522 

-0.228 

0,043 

V.!>11 

0.3':5 

0.:)(3 

-0.186 

V.VbZ 

0.4bl 

0.210 

0.4113 

-0.2!>1 

0.032 

0.018 0,023 

0.032 0.096 

0.208 0.228 

0.V14 0.073 

0.1'10 0.205 

0.014 

-0.OV4 

V.ll1t 

-V.018 

0.183 

0.270 0.248 0.<::83 0.177 0.132 0.2V<:: 

0.479 

0.251 

0.522 

-0,228 

0.043 

BASED ON SPLIT INLET M.W.M. DYNAMIC HEAD 

0.!>36 

0.341 

0.bV1 

-V. 1'15 

V.Ob5 

0.449 

0.2V5 

0.481 

-0.<::45 

O. V31 

0.025 0.014 

0.032 0,101 -0.OV4 

0.Z08 0.239 0.1112 

O. V1 4 0.076 -0.018 

0.19 U 0.215 o • 1 III 

ETAX 

18.469 

b6.!>47 

(1.106 

(8.469 

66.547 

f1 .106 

AREA RATIOS 
MEAN INNER OUTER 

EFFECTIVE 

1 .567 

1.239 

1.895 

0.791 

1 .209 

GEOl1ETRIC 

1. 567 

1.260 

1.99l 

0.804 

1.275 

~IEAN I NLt:T 

0,683 

0.517 

0.909 

0.330 

0.580 

0,885 

0,(45 

1 ,088 

0,414 

V,611!> 

0.722 V,864 
SPLIT INLt:T 

1.893 

1.433 

2.519 

0.757 

1 .331 

1,382 

1 • , b2 

1 • (V5 

U,841 

1,i!ji! 

0.270 V.2bO 0.216 0.H7 0.139 V,111( 1,757 1,466 

-0.453 -0.3b9 

0.085 

0.371 V.4b6 

-0.442 

0.149 

-0.4119 

0.U64 

BASED ON OVERALL LOCAL INLET M.W.M. DYNAMIC HEAD 

O.V7.l 

0.378 

0.145 

0.407 

-O,03b 

O.3b!> 

0.545 0.247 0.248 0.246 

-0.4!>5 

O.V!>3 

BAseD ON SPLIT LOCAL INLET M.W.M. DYNAMIC HEAD 

0.1 7.3 

0.489 

-0.033 

V.333 

I\) 

o 
\0 



PERFORr1ANCE PARAt1ETERS FOR DIFFUSER NO 2. DUMP GAP 0.8 FLOW SPUT l.202 

OUTLETC1-2) 

HEAD(1-3) 

U-4) 

0-4) 

OUTlET( 1-2) 

ftEAD(1-3) 

S/l(1-4) 

0-4) 

0-4 ) 

PRESSURE R~COVERIES LOSS COEFFICIENTS 
MEAN INNER OUTiR MEAN INNER OUTER 

BASED ON OVERALL INLET M.W.M. DYNAMIC HEAD 

0.454 0.453 0.027 0,049 0.01 ( 

0.200 0.5"1 0.1 t!7 O,U36 0,117 -O.OUU 

0.477 0.440 0.a5 0,247 O.lll 

-0.254 -0.140 -0.305 0.010 0.069 -O.Olf 

0,023 0.OU7 0.1'16 0.198 0.1'1~ 

0,276 U.1'16 0.513 0.186 O,13U U.212 

0.454 

U,200 

O,47f 

-0,254 

0,023 

BASED ON SPLIT INLET H.W.M. DYNAMIC HEAD 

U.)44 

U.3'12 

U.bU5 

-U.1:>2 

U.0"1 

0.410 

O,ll3 

0.41.5 

-O,t!'15 

0.UU7 

0,027 

0.U36 

0.a3 

U. Ul 0 

0.1'l6 

0,053 

0,127 

0.268 

0,074 

0.216 

U.Olb 

-O.OUO 

0.204 

-O.Olb 

O,llHl 

ETAiI 

b7,875 

(4.574 

b3,:>92 

67,875 

AREA RATIOS 
MEAN INNER UUTER 

EFFECTIVE 

1.:>67 

1 .181 

1 .792 

0.754 

1.144 

GEOMETRIC 

1.!>67 

1 .233 

1.'197 

0.f87 

1.275 

MEAN INLET 

0.658 

0,491 

0.909 

0,313 

0.580 

O.'1U'I 

U./43 

1 • U8!! 

0,4(4 

0,737 U.81lj 
SPLIT INLET 

2.051 

1 ,529 

2.834 

0.746 

1,381 

1.5S!! 

1.U'I3 

1,bU2 

o ,8l( 

0,276 o .ll 3 0.5U2 0.11l6 0,141 0.2U4 1,853 1.46b 

-U,489 

0.044 

0,362 

-O.UU 

U.1U7 

U.443 

-U.3(8 

U.l ::. 1 

BASED ON OVERALL LOCAL INL~T M.W.M. DYNAMIC HEAD 

-0.:>83, 0.U19 

O.U14 0,377 

0.132 

0,382 

-0.05t! 

0.3(~ 

0.544 0.244 0.293 0.255 
BASED ON SPLIT LOCAL INLET M,W,M. DYNAMIC HEAD 

O,Hl5 

O,U13 0.53!> 

'" p 
o 



PERFORr'ANCE PARM1ETERS FClR DIFFUSER flO Z. DUHP GAP 1 .5 FLOW SPLIT 0,666 

PRESSURE RECOVERIES LOSS COEFFICIENTS ETA% AREA RATIOS 
f1EAN 1'J N I: R OUTE'R f1EAN INNER OUTER f1EAN INNER OUHR 

BASED ON OVERALL INLET r', • ',J • f·' • DYNAMIC HEAD EFFECTIVE MEAN INLET 

OUTLET( 1-2) 0.434 U.416 0.460 0.053 0.064 0.0.5' (1.032 1,567 0.820 U.(46 

HEAD(1-3) 0.207 U.U:>1 0.440 0,105 0.150 O.O.5( 48.123 . 1 .295 0,698 U.647 

S/U1-4) 0,469 0.4~6 0,:>.53 0,213 0.200 0,2.54 67,122 1 .780 0,909 1,UHH 

(~-3) -0.227 -U.56S -O.UlO 0.OS1 0,086 U.OUO O.!l26 0,446 U,415 

(l-4) 0,035 U.010 0.U(3 0.160 0,136 0,1 'If 1 ,136 0,580 U.6"', 

<.5-4) 0,262 U • .5'5 O. U"'3 0.109 0.050 O,19'r 0.676 0.HU9 
, BASED ON SPLIT I N LET f~.W.11, DYNAHIC HEAD GEOMETRIC SPLl T INLET I\) 

..... 
OUTLET(1-2) 0.434 O,5H? 0.:>13 0.053 0,060 O. U41 11,032 1,;67 1,423 1'.'6t. 

..... 

HEAD(1"3) 0.207 U.U48 0.4.,,1 0.105 0,140 0.041 48,123 1 .545 1 ,211 1. :>t.8 

S/Lt1-4) 0,469 U,.5Y9 0.:>94 o .l1 3 0.187 U,lo1 67.122 . 1 ,.,,97 1 ,577 t..:>69 

(l-3) -O,22f -U,.541 -0.Ul2 0.U:>1 O,OHO O.ouo 0,1559 0.851 U,H61 

(l-4 ) 0,035 U.UU9 O,UIl1 o ,16U 0,127 O,llu 1.27:> 1 ,1 U 8 1,4J!l 

<.5-4) 0.26l U,5:>1 0.1 U3 0,109 0,047 U,UU 1 ,303 1.6/jl 
BASED ON OVERALL LOCAL I NUT ~l.I,I.M. DYNAMIC HEAD 

(t.-3) -O,44l .,.U, " 1 -0.U.59 O,1UO 0,167 O,OOU 

(l-4) 0,068 0,019 0.142 0,311 0.264 0.3t11t 

<.5-4) 0.380 U.4.52 0.U1 0.158 0.057 0.469 
BASED ON SP Ll T LOCAL INLET M,W.M. DYNAr11C HEAD 

(l-3) -U.6~0 -O.UJO 0,146 O.Ouu 

'0 (l".4) U. U17 0.1 ti2 0.230 U.4Y.5 



PERFORMANce PARA'1ETERS FOR DIFFUSER NO 2. DUMP GAP 1.5 FLOW SPLIT 1.066 

OUTlEH1-2) 

S/L(1 -4) 

(~-3) 

(3-4 ) 

HEAD(1-3) 

S/L(1-4) 

(2-3) 

(2-4) 

U-4 ) 

(2-3) 

U-4 ) 

PRESSURE RECOVERIES LOSS COEFFICIENTS 
rlEAN 11NER OUTER MCAN INNER OUTER 

BASED ON OVERALL INLET Cl.W.M. DYNAMIC HEAD 

0,45.5 0.4~4 

0.314 0 • .5b5 

0,550 O,~~3 

-0,140 -u. 1 'I 3 -0. U69 

0.09 , U. 0'15 0.0"19 

0.U32 

0.2u3 

-0.011 

0.1b1 

0,057 

0.097 

0.211 

0.04U 

0.1~4 

U.O.5U 

0.1"1 ( 

-U.O:'Y 

O.1b( 

0,236 U.266 0.168 0.172 0.114 U.226 

0,45.5 

0.314 

O,55U 

-O,14U 

0,097 

BASED ON SPLIT INLET M,W.!l. DYNAMIC HEAD 

U.4.56 

U.2:>1 

U.~29 

-U • 1 67 

O. UY2 

0,469 

0 • .5(7 

0,:>(1 

-0, un 

0.1U2 

O,U43 

O,U32 

0.203 

-0.011 

0.161 

0,055 

0,093 

0,204 

~O,O.5U 

O,2U.5 

0.149 0.1(.5 

ETAX 

(4,278 

66,757 

.'2,517 

(4.278 

68.757 

(2.~77 

AREA RATIOS 
MEAN INNER UUTER 

EFFECTIVE 

1.567 

1 .326 

1,981:l 

0.647 

1 ,<:69 

GEOMETRIC 

1.!l67 

1.326 

1,997 

0,647 

1 .275 

MEAN INLET 

0.730 

0,646 

0,909 

0.413 

0,580 

U,1I.56 

U,6(9 

1.U1I8 

U.4.5.5 

0,6'1) 

0.685 U,IS21 
SPLIT -INLET 

1 ,523 

1 ,350 

1 ,895 

0,686 

1 ,245 

1,6U7 

1 • .5U) 

l.UYZ 

U.1S1Z 

1 • .5U2 

0,236 U.2(9 0,1"14 0.172 0,110 0.25.5 1.404 1.oU.5 

-0,277 -U.3tl4 

0,192 U.1118 

0.361 0.4t!5 

-U • .5b9 

11 ., x1 

-0,1(7 

0,1"16 

BAseD ON OVERALL LOCAL INLET M,W,M. DYNAMIC HEAD 

-O.U;:2 

0.319 

0,080 

0,306 

-0.11b 

U,3.52 

0,2"17 0,263 0.168 0.3:'( 
BASED ON SPLIT LOCAL INLET M,W.M. DYNAMIC HEAD 

-0.11S5 0,076 -0.121 

n. ~4" 

- I 



PERFORMANCE PARAMETERS FOR DIFFUSER NO 2. DUMP GAP 1.5 FLUW SPLIT 1.754 

OUTlET<1 ~2) 

S/l(1~4) 

(2-3) 

0-4) 

HEAD(1~3) 

S/L(1~4) 

Cl-5) 

U-4) 

(~~3) 

<l-4 ) 

U-4 ) 

, , 
(~-3) 

PRESSURE REcnVtRIeS LOSS COEFFICIENTS 
tlEAN xrIN~R OUTER MEAN INNER OUTER 

BASED ON ~VERALL INLET tl.W.M. DYNAMIC HEAD 

0.4SIS U.4(11 

0,324 U.3:>4 

0.553 U.HU 

-0,13'+ -U.'~7 

0,095 O.U/j<) 

0.444 

0.507 

0.:>42 

-0.158 

0.0'13 

0.U:;3 

o • 1 7<) 

O,U27 

0.154 

0.037 

0.145 

0,234 

0.10!! 

0.1 <) 7 

U,U1'1 

-o.OOU 

0.14/l 

-0.01'1 

().1~'I 

D,22!! 0.~16 0.l56 0.127 D.0!!9 O.14/l 

O,451S 

0,324 

0,553 

-U,134 

0,095 

BASED ON SPLIT INLET r1.W,H, DYNAMIC HEAD 

U.:>01 

D.3c>9 

U.5'13 

-0.152 

U.O'l2 

0,455 

O,3UO 

0.:'5' 

-0.155 

0.U26 

0.U53 

0.179 

0.027 

0.1:>4 

0.039 

0.151 

0,245 

0.1'2 

0.205 

0.01/l 

0.14) 

~0.01'1 

0.1 U 

ETAX 

67.615 

(5.068 

(5,U29 

67,615 

(S,068 

AREA RATIOS 
MEAN INNER OUTER 

EFFECTIVE 

1 .567 

1 • 35 ~ 

1 ." 03 

0.B65 

1 .215 

GEOMETRIC 

1 .567 

, .377 

, .997 

O,B79 

1.175 

MEAN INLET 

0.657 

0.570 

0,909 

0,364 

0.580 

V.'I10 

D./lOr 

1.U/l/l 

0.:>1' 

V,bY) 

0.660 1.I,{'I1 
SPLIT INLET 

1,760 

1,52!! 

2.437 

0.868 

1,384 

1 ,4~l 

1.t!./l( 

1 .' 56 

0./l/l6 

1 .1'16 

D,22!! U.U5 0.l30 0.127 0.092 0.14)' 1.595 1 .549 

-U,259 -0.2 46 

0.1!!'s 0.1(2 

D,366 0.4b3 

-0.~/j7 

U .lu1 

BASED ON OVERALL LOCAL INLET M.W,M. DYNAMIC HEAD 

-0,266 0.052 0,209 -O.OS( 

0.1'10 0.298 0.381 O.l:>V 

0.5l9 0.~03 0.192 O.lO' 

-0.246 

O. , (5 

BASED ON SPLIT LOCAL INLET M.W.M. DYNAMIC HEAD 

0,244 ~0.054 

0.444 



PERFORMANCE PARAMETERS FOR DIFFUSER NO 2. DUMP GAP 1.5 FLOW SPLIT 2.289 

HEAD (1-3) 

S/L<1-4) 

(~-.s) 

(5-4) 

(5-4) 

(~-.s) 

"~("_I.\ 

PRESSURE RECOVeRIES LOSS COEFFICIENTS 
MEAN INNER OUTER MEAN INNER OUTER 

BASED ON OVERALL INLET M.W.M. DYNAMIC HEAD 

0.436 

0.309 

0.478 

-().127 

().042 

U.4(5 

0.406 

0.:>46 

-0.007 

0.0(3 

O.4~O 

0.l67 

0.443 

-0.1:>4 

0.O~8 

0.044 

0.0:>9 

0.211 

().015 

0.167 

0,06£ 

0.160 

0.2:'2 

0.097 

0.189 

0.050 

O.OD 

0.1'15 

-U.0~1 

0.1!l1l 

0,169 0.140 0.11l2 0.1Sl 0.092 0.1''1 
. BASED ON SPLIT INLET tl.H.i1. DYNArHC HEAD 

0.436 

0.309 

0.478 

-0.12f 

0.04l 

0.:>19 0.405 

0. 1.46 

0.600 0.452 

-0.0(3 -0.148 

o.OtlO 0.027 

0.044 

0.059 

0.~11 

0.015 

0.167 

0.D68 

0.17!> 

O. £76 

0.107 

0.208 

0.054 

O. Ul 4 

0.11l6 

0.1:>2 

ETAl' 

(1.489 

68.!i80 

61l,l67 

(1 .489 

68.S1l0 

68.767 

AREA RATIOS 
MEAN INNER OUTER 

EFFECTIVE 

1 .567 

1 .320 

1.772 

U.842 

1 .131 

GEOMETRIC 

1.:>67 

1 .382 

·1.997 

0.882 

1. <!75 

r1EAN INLET 

0.615 

0,:>44 

0,909 

0.34' 

0,580 

0.951 

D.IlSY 

1.01l1l 

V.55:> 

0.695 

0.658 V.tllt 
SPLIT INLET 

1.967 1.51l4 

1.738 1.al 

2.905 1.:>1l4 

0.884 U.!!Il~ 

1.477 1 .144 

0.169 0.1:>4 0.1(5 0.152 0,101 0.1f~ 1.672 1.2'18 
BASED ON OVERALL LOCAL INLtT M.W.M. DYNAMIC HEAD 

-0.24:> -0.1~8 -0.~Y6 0.028 D.1!!7 -0.040 

0.08U U.141 0.3£1 0,365 0.304 

0.268 U.405 0.240 0.241 0.267 0.~56 

BASED ON SPLIT LOCAL INLET M.W,M. DYNAMIC HEAD 

-U.1f1l -0.2<>4 0.259 -0.056 

n l1l..rt n C\.n.l.. n ;) '1 



PER FOR 11'; NeE P A fl Atl EH" ~ r ~ ~ D IF F U S r: fl : 10 3. DU 11 PGA PO. 4 F LOW S P LI TO. 69 4 

OUTLET (1-2) 

HEAD(1-3) 

S/L(1-4) 

U-s) 

«-4) 

<.3-4 ) 

OUTLET (1-2) 

HEAD(1-3) 

S/L(1-4) 

U-4) 

<3-4 ) 

(3-4) 

<C-3 ) 

". 

PRE~"UKr: PErnv[~IES LOSS COEFFICIENTS ETA% AREA RATIOS 
HEAN :~NE? OUTER HEAW INNER OUTER MEAN INNER OUTER 

0.555 

-0.199 

0.370 

-0.:-54 

-0.11l~ 

0.~6\1 

0.55!> 

-0.199 

0.3"10 

-0.754 

-0 .. j 85 

O.56Y 

-1.959 

-0.432 

0.49r 

nASED ON OVERALL INLET H.W.M. DYNAMIC HEAD 

0.060 

-0.647 0.447 0.056 

0.323 

-0. i~i -0.OIJ4 

-O.~6() -0.0(3 0.~63 

0.079 

0.021 

0.397 

-0.058 

0.318 

O.OS~ 

0.218 

0.075 

0.185 

u.aY2 0.1U3 0.268 0.376 0.11~ 

[l A S E ~ 0 N ::; r LI TIN L F. T 11. ,I • 11 • D Y N MI C H E A D 

c).4ft. 0.060 0.074 0.0.56 

/8.756 

52.331 

18.756 

-0.607 0.4'14 0.056 0,020 

0.372 

0.11 (-20n.593 

O.6Uo 0.323 0.241 52.331 

-1.0ti' -0.200 -0.004 -0.054 0.081 

-0.244 -1).0156 0.263 0.298 0.205 

EFFECTIVE 

1 .800 

i . !:! 0 5 

0.546 

1 .003 

GEOMETRIC 

1 • /lOO 

1 .399 

1 .997 

0.777 

1 .11 0 

MEAN INLET 

0.833 

0.464 

0.909 

0.258 

0.505 

0.96( 

1 .0IH! 

0.5~0 

0.605 

0.650 o.rn! 
SPLIT INLET 

1 .465 

0.815 t..16Y 

1 .599 

0.556 0.V6/l 

1 .091 

0.a.57 01.114 0.2(,8 0.352 O.1~4 1.961 

1.1 t.6 

1 • , 63 
BAS:D ON OVERALL LOCAL .INLET M.W.M. DYNAMIC HEAD 

-t!. .. YY3 -0.4(0 -O.U11 -0.150 0.190 

-0.2U::; 0.684 0.826 U.481 

0.5'::7 O.~V2 U.234 0.222 U.319 
BA~ED uN SPLIT LOCAL INLET M.W.M. DYNAMIC HEAD 

-0.140 -0.120 0.3UO 

'" ~ 
lJ1 



; 

PERFORnA~JCE PARMIEH!':S !,lJfl OIFFUSER riD 3. DU:·\P GAP 0.4 FLOW SPLIT 0.964 

OUTlET (1-2) 

HEAD(1-3) 

S/L<1-L.) 

U-4) 

OUTlI:T(1-2 ) 

S/L<1-4) 

U-3) 

U-4) 

<5-4 ) 

(~-3) 

<5-4) 

<L-3) 

rl E A N 

0.635 

0.104 

0.49 :; 

-O.53i 

-0.i4v 

LOSS COEFFICIENTS 
ourc i{ 'r~EA;J INNER OUTER 

nASE~ ()~ DVEnALL INLET M.W.M. DYNAMIC HEAD 

l' • 61 t. 0.07.8 

-0.U19 

- V • 7".J'~ -0.047 

-0.10,; 

0.023 

0.21;4 

-0.0~5 

0.236 

O.OUf 

-U.Obl. 

0.2U9 

-0.069 

0.2U5 

ETA% 

90.106 

58.989 

65.900 

AREA RATIOS 
MEAN INNER OUTER 

EFFECTIVE 

1 .800 

1 .078 

1 .963 

0.599 

HEAN INLET 

0.819 

0.491 

0.909 

0.273 

0.505 

0.981 

0.616 

1 .088 

U.S4~ 

U.6U5 

0.3 9 1 !).~U4 0.191 0.7.66 0.261 O.~fl. 0.822 U.':I84 

0.635 

0.104 

0.495 

0.391 

-1.577 

-0.415 

0.428 

[If.SI::> ON :;~L!i INLEi fl.U.ll. DYr,ArllC HEAD GEOMETRIC SPLIT INLET 

-0 .. 163 

1l.~6n 

-U.~U5 

O.61le 

O.3f5 

I 
0.5(c; 

-0.313 

-0.113 

0.U28 

-0.U19 

0.248 

"0.047 

0.7.19 

o . 0 [.6 

0.022 

0.273 

-0.024 

0.226 

O.OU( 90.106 

-0.06; ;8.989 

0.219 05.900 

-0.0'11. 

0.211. 

1 .800 

1 .1 06 

1 .997 

0.615 

1 .110 

1 .646 

0.986 

1 .827 

0.599 

1. 1 1 0 

O.~UO u.~66 0.250 0.28; 1.853 
RAS2D OH OVERALL LOCAL INLET M.W.M. DYNAMIC HEAD 

-0.887 -0.140 -0.075 -0.20; 

-0.31.0 0.651 0.702 0.601. 

".~O:; O.~;I'/ 0.2'11 0.225 0.411. 
BA~ED I)N SPLIT LOCAL INLET M.W.M. DYNAMIC HEAD 

-1.9l>O -~ • Ut:::5 -0.066 -o.ZS( 

_'\ 1./.7 n L.')t\ ,. L,,'" 

1 • ':I; S 

1. U5 

I. • 1 66 

U.o2f 

1 .1 U9 

1,. (68 



J 

PERFORrlAtJCE pr\~,~f1EH~S ""I~ OIFFU"ER ~IO 3. DUI1P GI\P 0.4 FLOW SPLIT 1 "389 

OUTLET<1-2) 

HEA~(1-3) 

S/L(1-4) 

(<!-4) 

<3-4 ) 

OUTLET( 1-2) 

HU;)(1-3) 

S/L(1-4) 

U-3) 

(~-4) 

<:5-4) 

(<!-3) 

0-4) 

U-3) 

'. 

PR[~~"Hr: HES1"L:~IES LOSS COEFFICIENTS 
r-1CArJ l'lrJE~ 'lUTE" r·IF-All INNER OUTER 

DASE~ ON nVE~ALL iNLET M.W.M. DYNAMIC HEAD 

0.660 'J • 6 r-:. 0.6>1 

0.19 r 1).211) O.11l2 

O. J 21 0.4<;7 

-0.':+63 

-0.;3'1 -0.119 -0.1>4 

0.123 '1.355 0.515 
~~SEn Oj~ ~PL:7 I~I.ET 

0.66U r;. (, (4 0.6:>0 

0.i9/ 

-O.46~) 

-0.13'1 -0.11" -0.1:>1, 

0.007 

-0. 0:~4 

-O.U;>1 

0.ZG3 

0.028 

0.013 

0.235 

-0.01S 

0.207 

-a.oOIl 

-O.O:>U 

0.226 

-0.U45 

0.234 

0.~~4 0.222 0.21( 
n.w.lJ. DYNMIIC HEAD 

0.007 0.02(1 -a.aull 

-0.0(:4 0.013 -u.o:>u 

0.230 0.236 

"0.031 -0.015 :-0.04~ 

0.21.3 0.2US 0.254 

E TA% 

(5.975 

68.827 

'13;646 

(5.975 

60.IlZ7 

AREA RATIOS 
MEAN INNER OUTER 

EFFECTIVE 

1.1l()0 

1 . 137 

1 .9 8G 

0.631 

1 • 1 01 

GEOMETRIC 

1 • I:! 0 0 

1 .1 31:! 

1 .997 

0.632 

1 .110 

I·IEAN INU:T 

0.491 

0.909 

0.273 

0.505 

U.'1Il<! 

U.041 

1.Udll 

U.56U 

0.00> 

0.799 0.'1';)/ 
SPLIT INLET 

1 .952 

1 .170 

2.169 

. 0.599 

1 • 111 

1 • bY U 

1 • 11 4 

1.1\(4 

U.b!J'I 

1.1U'1 

0.323 °.3,:)6 0.514 O.Z)4 0.223 0.2(( 1.353 1 . 61l~ 
BAS~D O~ OVERALL LOCAL INLET M.W.M. DYNAMIC HEAD 

-1.36~, -1.4UO;: -0.094 -0.046 -U.1~1l 

-0./.1~ -O.:S:", -0.404 0.670 0.623 0.704 

1I.ld7 0.362 0.307 0.290 0.311l 
BASED ON SPLIT LOCI\L INLET M.W.M. DYNAMIC HEAD 

-~ • .su<;' -0.051 -0.11\1 

__ 1\ ~ " tI __ " I, .. 



PERFORrlM1C[ PAR,;r'[T~:~S ;:')R ~iFFUS;:R:1O 3. DUnp GAP 0.4 FLOII SPLIT 2.049 

OUTLET(1-2) 

HEAD(1-3) 

S/L(1-4) 

(~-3) 

U-4l 

<.5 -I,) 

OUTLET (1-2) 

SiL(1-4) 

u-.s ) 

(<!-4l 

(3-4 ) 

U-3) 

(<!-4) 

(3-4 ) 

U-3) 

'. Cc-4 ) 

PRESSUM~ REC')~£~IES LOSS COEFFICIENTS 
nEMl ;~l'IEP. ()UTEp, MEAN INNER OUTER 

[l,' S E: ~ () IJ 0 \I r: n ALL ; N LET 11. w. r·' • D Y N A M I C HE A D 

') • (, ~ 1 0.)60 

O.Ca l II • .sy 3 -0.063 

0.451 fJ.~(() 0.3Y3 

-0.504 -0.6<:3 

-u. By -0. 1 67 

o • 'J 40 

-O.Ull1 

0.G~7 

-0.041 

O. ~17 

0.047 

0.060 

0.2.53 

0.013 

0.190 

0.U.56 

-0.0.51 

U.20( 

-0.06( 

0.2.50 

0.364 11.1(7 0.4)6 0.G58 0.178 O.Z')( 
r)"~l::n cm ::rLlT II'LET n.W.II. DYNArHC HEAD 

(~ . 6'; 5 0.051 0.0.5) 

O.Olll (i. 4~O -0.06'1 -0.001 0.064 -0.0.50 

O. 4 5 ~ O • .51l1 0.2~7 0.254 0.2)') 

-'J.50 1• -O.oU4 -0.041 0.014 -0.00) 

-O.~3Y -1.1 • (1 Cl 7' -0.162 0.203 f).US 

03.190 

1l3.811 

)2.099 

63.190 

AKEA RATIOS 
MEAN INNER OUTER 

EFFECTIVE 

1 .800 

1.0,?1 

1 ./lGY 

0.595 

1.016. 

GEOMETRIC 

1./l00 

1 .138 

1 .997 

0.632 

1 .1 1 0 

MEAN INLET 

0.,?96 

0.491 

0.909 

.0.273 

0.505 

1, UU4 

U.64( 

1.UtHl 

0.560 

0,60) 

o • 799 0, Y) ( 
SPLIT INLET 

2.350 

1 .449 

2.685 

0.617 

1 .143 

1,:>1'1 

o. y (') 

1,646 

0.644 

1 ,U/l4 

0.364 1J.1i.j() O,'.4? 1I.~51l 0.1/l9 O.21ltS 1.353 1 • oll~ 

-1.365 -1 .6113 

-0.378 -0.4)3 

",366 0.4U:; 

-1.0o.~ -1.4S:3 

8AS~D O~ OVERALL LOCAL INLET M.W.M. DYNAMIC HEAD 

-0.111 

0,232 

0.035 

0.516 

0.367 

-O.1tS1 

0.6Z4 

0.264 
DA~ED ON SPLIT LOCAL IHLET M.W.M. DYNAMIC HEAD 

0.054 -O.D4 

n 70CJ II r.;, < '1 



PER FOR n ,\1,1(: E I't\ R :'.rl E re ~ s r 0 R f) I F r I) SE R 110 :;. DU H P G t\ PO. 7 F LOW S P Ll TU. 596 

HEAD(1-3) 

S/L(1-4) 

(~~,3) 

U~4) 

U~4) 

OUTLET< 1-2) 

HEAD(1-3) 

SiL(1-4) 

(~~:S) 

(,,-4) 

<.5~4) 

(,,~3) 

(,,~4) 

U~4) 

(':~3) 

('/_1. '\ 

r'!F,; r~ 
I.OSS COEFFICIENTS 

OUTE:~ MEA~ INNER OUTER 

1)1' S E ~ (l!l :1 V [fl ,\I. L 1 N LET r.1. I) • :,1. D Y 14 A M I C HE A D 

f} .. 4JS o.~u" 

0.4(9 

O. ~5,j 

~O.U.:O 

-o.or~:, 

0.Uil9 

0.2.:54 

-0.U(2 

0.145 

0.097 

~0.025 

0.236 

-0.123 

0.138 

0.01!> 

O.OClY 

0.251 

0.014 

U.1!>b 

ETA% 

bS.672 

~ 1 .969 

62.919 

AREA RATIOS 
MEAN IN~ER OUTER 

EFFEcTIVE 

1 . BOU 

1 .079 

1 .711 

0.599 

o .951 

MEAN INLET 

0.85u 

0.57U 

0.909 

o . 31 7 

0'.505 

U.Y~U 

U. (11 

1.UI5I5 

U. 59:> 

U.bU:> 

0.331 !).4Y5 0.0)7 0.217 0.261 0.14" 0.710 U.I5:>U 

0.095 

-0.:,70 

-0.'139 

0.331 

-0. vU 

-o.O!\! 

0.372 

r,,'SED 011 ~?l:T I;lLET n.ll.il. DYNAHIC HEAD 

1).4U6 

-0.1'::<'> 0.!>44 

0.6UI> 

-0.053 

-0. un 1).052 

0.018 

-0.072 

O. 1 45 

0.091 

-0.024 

0.220 

-0.114 

0.129 

0.015!> 

0.1U1 

U.26~ 

U.Ulb 

0.1 (( 

bS.672 

:>1.969 

1:>2.919' 

GEOMETRIC 

1 • BOO 

1 .281 

1 .997 

0.712 

1 .110 

SPLIT INLET 

1 .418 

0.952 

1. 518 

0.671 

1 .070 

':.5(U 

1. ({ 5 

,.(1:> 

U. (415 

1.14:> 

0.063 0.2,7 0.244 0.161 1.595 1.:>51 
BASED 014 OVERALL LOCAL INLET M.W.M. DYNAMIC HEAD 

-0.065 -0.11)1 -0.274 O.05~ 
/ 

-0. 11~) 0.0(,2 O .,."'.,. • :.J f .. .J 0.309 0.349 

O.1~2 0.243 0.211 O.4~5 

nA~ED UN SPLIT LOCAL INLET M.W.M. DYNAMIC HEAD 

-1. VC)!'!' -0.0Y., -0.2215 0.0415 

_/1 ., I.'. 1'\ 11,,-



, '. 

, 

, 

PERFORl1ArJCE PARt"'1ET::nS rn [l!FF\J~ER 1:0 5. DUIIP GAP 0.7 FLOW SpLIT 1.017 

HEAD(1-3) 

S/L(1-4) 

U-3) 

<.5-4) 

OUTlET(1-2) 

HEAl!(1-3) 

SfL(1-4) 

(~-3) 

(~-4) 

U-4) 

(,! - 3) 

U-4) 

(.5-4) 

(~-3) 

U-4l 

~PE)~VK~ REC0VEP.l cS LOSS COEFFICIENTS 
r,lE,;N ~ ~nH':::' OUT E ~ r·1CAil INNER OUTER 

0.~3~ 

0.::25 

0.552 

-0.201 

0.020 

nASEn UN 0VEnALL INL~T M.W.M. DYNAMIC HEAD 

0.559 0.U60 

f).~'" 0.45D -0.015 

0.:'46 

-0.1'.'.'1 -0.075 

0.0,,0 0.1;;7 

0.070 

-0.007 

0.193 

-0.077 

O. 128 

0.U4Y 

-U.O~5 

0.1'15 

-O.Ul~ 

0.146 

0.227 (:.3U 0.1,,1\ 0.~12 0.205 U.211l 

0.532 

0.:-:25 

0.552 

-0.201 

0.020 

BASED ON ~PLIT 1~~ET H.W.fl. DYNAMIC HEAD 

f' • ~ 0(, 

(I • ~ 1 1 0.440 -0.015 

(I • 5 <! 5 0.5ts1 0.196 

-0.113 -G.Uls 

O .. Oi9 O.O~i 0.137 

0.067 

-0.007 

0.190 

-0.074 

0.123 

0.051 

-U.()~4 

U.205 

-0.Ol5 

O. ,,~ 

ETA% 

(5.~28 

1l1.622 

(3.071 

(5.528 

111 .622 

(3.U71· 

AREA RATIOS 
MEAN IN~ER UUTER 

EFFECTIVE 

1 • 110 0 

1 .261 

1.971l 

0.701 

1 .099 

1·1 E A N 1NL E T 

0.791 1. UOY 

0.570 U. (11 

0.909 1.UIlIl 

0.317 U.5Y5 

0.505 0.oU5 

0.710 U.1l5U 
GEOMETRIC SPLIT INLET 

1 .800 

1 .281 

1 .997 

0.712 

1 .110 

1 .626 

1 •. 172 

1 .369 

. 0.721 

1 .1 49 

1 • '165 

1 • S 114 

~ •. 1 ~U 

U.l0~ 

, .0 fY 

O.2~7 1).315 0.153 O.~12 0.197 O.2~( 1.595 , • !lS1 

-0.:'01 -(l./::>:i 

O.3Z\l 

fl Ill ... t.. 

-O.l65 

0.U49 

DAS~D ON OVERALL LOCAL INLET M.W.M. DYNAMIC "EAD 

~O.1i)3 

0.335 

-0.180 

0.314 

-0.1 If 

Q.~5i ().So7 0.247 U.3Y4 
OA~E~ UN SPLIT LOCAL INLET M.W.M. DYNAMIC HEAD 

-0.173 -0.1'15 

n tt'l~ " .,uo n .~ U '1 



PERFORr·!;"iCE PAr.,;r1ET~rS FI'JR n!FFuSER 110 3. DUr1P GAP 0.7 FLOW SPL!i 1.611 

HEAD<1-3) 

5/L(1-4) 

U-4) 

(5- 4) 

OUTLET(l-Z) 

HEAD (1-3) 

S/L(1-4) 

<l-3) 

(~-4) 

<.5-4) 

(~-3) 

«-4) 

(5-4) 

(2-3) 

, (1.-4) 

pnE:::'3 I1 Rf: REC"1VERIES LOSS COEFFICIENTS ETA% AREA RATIOS 
rlEM~ 1~IrIE~ i)t!TER MEAN INNER OUTER MEAN INNER OUTER 

0.340 

0."5~ 

-O.19t 

0.017 

0.::4U 

O.55~ 

0.011 

0.215 

-0.4/:\\1 

0.043 

0.342 

3ns~n (IN 0V[RALL INLEi M.~.M. DYNAMIC HEAD 

o.~,;Q 0.()J9 0.080 0.046 

0 • .307 0.0:12 0.07'1 O.OUIl 

0.553 0.165 0.211 0.169 

-1.1 • 1 !> 7' -o.U?? -0.009 -0.0.51l 

0.OU3 0.126 o .131 0.124 

" .. 1'/7 O.I..:!5 0.1'3 0.14U U.161 
n.W.M. DYNAMIC HEAD 

'J • ; 6 4 o. ~a 0.059 o .01l1 0.04:> 

(). 403 O.5U3 o • U:, 2 0.073 

".6U') ,).~c!5 0.11>5 0.216 0.16 ( 

- n .. , (, i -O . .:!1'? -o.VU -0.009 -O.O.5( 

(.' .. () 4 ~ 0.UU3 0.126 0.134 

(6.286 

(3.945 

14,464 

16,286 

13.945 

14,464 

EFFECTIVE 

1 .800 

1 .331 

1 .938 

0.739 

1.077 

GEOMETRIC 

1 .800 

1 .345 

1 .997 

0.747 

1. 11 0 

MEAN INLET 

0.796 1 • UU 4 

0.570 U .1(4 

0.909 1.U1l8 

0.317 0.4.5U 

0.505 0.6U5 

0.676 0.ISU9 
SPLIT INLET 

2.044 1 .644 

1 .463 1 . t!. 6'1 

2.334 1. (1l.3 

0.716 U .tU 

1 .1 4 ~ 1.0!!4 

'). ZU2 a.2a 0.153 0.143 0.159 1.595 1.40:> 
BAS~D ON OVERALL LOCAL INLET M.W.M. DYNAMIC HEAD 

-O.3C)O -0.:>:>0 -0.U66 -0.021 -0.094 

0 .. lJYf? 0.00:', 0.313 0.325 0.3U6 

'-'.5<16 0 . .522 0.~44 0.273 0.~.51 

DAZED ON SPLIT LOCAL INLET M.W.M. DYNAMIC HEAD 

-o.o~s -0.01l6 

'J.l1(, n ?X1 



PERFORtlMJeE ~Afl"d1ETr.:1~ tOR DIFFUSER rJO 3 DUIlP GAP 0.7 FLOW SPLIT 2.298 

~RES~UR~ RE:OVER!.ES ~OSS COEFFICIENTS ETA% AREA RATIOS 
r·lr:~N ;'n!Er r)1.IT!:j~ MEA~ INNER OUTER r~ E A N INNER UUTER 

n/\st:~ U IJ OVE~HL I N LET (-l.LI.r-l. Dyr~AMI C HEAD EFFECTIVE MEAN I N LET 

OUTLET (1-2) 0.:;23 ').!>6~ O.!>% o.oa 0.022 U.U21 14.206 1 _ 80U 0.790 1. Ul 0 

HE,ID (1-3) 0.274 U.4.!.7 0.2U7 0.041 o • 1 21 U.UU6 67.972 1 .266 o • 51 7 a.l:Sor 

S/L(1-4) O.49U O.!>66 0.469 0.1 Q 1 0.233 0.1It: 11.146 1.770 0.909 1.0/S8 

(2-3) -0.~49 -f).15I, -0.2'19 0.1J19 0.099 -0. OD 0.703 0.287 0.44/s 

(2-4) -0.025 0.OU5 -0.057 0.169 0.212 G.l!>t: 0.983 0.505 0.60' 

(3-4) 0.224 0.1 :;g f).c6? o • 1 ::>0 o • 11 2 0.161 0.687 a ./Sa 
r.ASEO all ~ PL! T III LET n.'I.f'. DYNAr-1I c HEAD GEO~lETR IC SP Ll T INLET N 

N 
N 

OUTL!;T(1-Z) 0.:;25 0.61 (, 0.4b:) 0.0:'.2 0.024 0.02a 14.206 1 .800 2.505 1 .4/' 

HE,ID(1-3) 0.::74 U.46<;1 0.2UO O. U/, 1 0.133 0.OU6 67.972 1 .324 1 .641 1.1(/!' 

SI'-(1-4) 0.491:$ C' . 62 i 0.4!>2 0.191 0.256 0.166 (1.746 1 .997 2.884 1.,/s9 

U-3) -U. ~t,'} -0.147 -O.ZIlIl U.019 0.109 -0.014 0.735 ·0.655 U.('}/!, 

(2-4) -0.025 (! • a U 5 -0.U56 O. -f 69 0.233 0.14() 1 .110 1 • 1 51 1 • U (( 

<5-4) 0.224 f).l~? O,~'2 O.i~O 0.123 0.160 1 .757 1 . 549 
llASl:O O:·j OVERALL LOCAL I~LET M.W.M. DYNAMIC HEAD 

(2-3) -O.S41S -0.2'14 -0.6:>7 0.041 0.219 -0.0.5~ 

<2-4) -0.054 O .. O1~ -O.U~2 0.371 0.466 0.354 

(5-I+> 0.:'21:$ '.!.31i2 0.517, 0.<::19 0.310 0.2U2 
(lA~ED DN SPUT LOCAL I N LE T M.W.M. DYNAI~IC HEAD 

(~-3) -(J.40f) -0 .. ~~_s5 0.303 -o.o~'I 

" .U-4) P_fJ1'> -oon (1 Al..!.. " :>v / 



, " 

PERFORrlArJCE PAR/Q1ETF.;;S ~(1rl DHFUSF.R flO 3. DUr"lP GAP 1.2 FLOW SPLIT 0.691 

QUTlET(1-Z) 

HEAD<1-3) , 
:;/L(1-4) 

U-4) 

(5-4 ) 

OUTlET(1-2) 

HEAD(1-3) 

(l-3) 

(1.-4) 

(5-4) 

«-3) 

(,-4) 

U-4) 

(~-3) 

U-t.l 

rRf::~!:!.IHr P'cCr')'Jt::r::.ES LOSS COEFFICIENTS 
ClEAN 1 :H!4;~ (JI)T'::r( MCAll INNER OUTER 

BA~E" 01. OVERALL INLE7 M.W.M. DYNAMIC HEAD 

0.469 0.4',1;; 

0.21,.8 0.41;4 

-0.220 -0.56.3 -0.014 

-0.(\15 -U.U4fJ 0.059 

0.u77 

0.1.16 

o . 1 :, <J 

0.079 

-0.032 

0.207 

-0.11 , 

0.128 

0.0(5 

o • 1 t!.y 

0.230 

0.0:>( 

0.1:>11 

0.207 0.314 0.0)3 0.1H2 0.239 0.101 

0.24U 

-0.220 

-C.013 

[It.SED 0;; ,PUt Iin.ET fl.W.ll. DYNAnIC HEAD 

!). 4~') 

0.)55 

-('.34') -0.01:3 

-!).046 0.043 

0.0/7 

0.0:;4 

0.1.16 

O. U9 

0.074 

-0.030 

0.194 

-0.104 

0.11.0 

0.080 

0.143 

0.2)!> 

0.065 

o • 1 () 

ETA% 

66.502 

(0.776 

64.)50 

(0.776 

64.)50 

AREA RATIOS 
MEAN INNER UUTER 

EFFECTIVE 

1 .800 

1 .214 

1 .802 

0.674 

1 .001 

MEAN INLET 

0.841 

0.596 

0.9U9 

0.331 

0.505 

u.Y)'J 

U.!lS'J 

1.UIl!l 

0.466 

0.6U) 

0.634 0.()\I 
GEOMETRIC SPLIT INLE"r 

1 .800 1 .471 

1 .435 1 • Q 4 3 1.Y)1l 

1 .997 1. S9 0 ~.:'41 

0.797 0.709 U.tI() 

1. 11 0 1 .081 1 . 13) 

0.207 O.2Y4 O.U:'<; 0.1(12 0.224 0.11~ 1.525 1 • ~Y!l 

-0.485 -I). 7Y(~ 

-0.02Y -ll.10:; 

0.21\9 (1.310 

-0.6(:; 

-11 I)I)'~ 

-0.U31 

0.0<.16 

BASED OH OVERALL L0CAL INLET n.W.M. DYNAMIC HEAD 

-O.()~'5 

0.307 

-0.245 

0.281 

0.1~:' 

0.34!l 

0.103 O.~54 0.236 O.34!l 
aASED (IN SPLIT LOCAL INLET M.W.M. DYNAMIC HEAD 

-0.042 -0.206 0.170 

('\ ....... 

l\.) 
l\.) 

lA> 



, . 

P~Rr-ORrl;.r)CC PAR:,'12rr'1~ ,0R DIFFUSER tJO 3, DUI-lP GAP 1.2 FLOt4 SPLIT 0.955 

HL'\u(1-3) , 
S/L(1-4) 

(~-3) 

<':-4) 

<5-4) 

OUTL r: 'd 1-2) 

HE,,\U (1-3) 

S/L(1-4) 

«-3) 

U-4) 

U-3) 

U-4) 

PRESSI}R~ rH:;r:nVE~:fS LOSS COEFFICIENTS 
r·l[;AN 1 ~nH':::' OllTcR 1-1;::';,1 INNER OUTER 

nASE~ 011 ()VE~ALL I~LE- M.W.M. DYNAMIC HEAD 

0.30"> {j,4Y(, 0.064 

0.351:1 0.21(, -0.019 

0,;·5.5 0.137 

-U.14:> 

0.050 O.{.JJ2 0,123 

0.~9~ '.'.2/3 0.112 0.205 
tL'Stn ()i~ ~f'L:T INi.,.ET f.1.w .. \l. 

0.503 G.:>54 0,064 

O.35tl 0.405 -0.0',0 

O.:iS3 0.1,\7 

-0.fJ()3 

0.050 " .. 0) () o. U49 0.123 

0.070 

-0.007 

O. 1 71 

0.0:>( 

-0.0.50 

'J.2(J4 

-0.078 -O.OCS( 

0.100 0.14( 

0.178 0.254 
DY:,Ar1IC HEAD 

0.067 

-0.007 

0.164 

-0.074 

0.096 

0.0:>':1 

-0.032 

0.213 

-0.0':11 

0.':'4 

ETA% 

/1.357 

CS3.835 

13.591 

11.357 

83.835 

/3.:>91 

AREA RATIOS 
MEAN INNER OUTER 

EFFECTIVE 

1 • tiO U 

1 .292 

1. Y60 

0.713 

1 • U89 

MEAN INLET 

0.804 0,':1'16 

0.622 O,bfy 

0.909 , ,U 118 

0.346 0.5/1 

0.505 0.60:> 

0.699 O,1I5( 
GEOMETRIC SPLIT INLET 

1 ,800 

1 ,301 

1 .9 <,' 7 

0,723 

1 .11 U 

1 .601 

1 .238 

1 .809 

0.773 

1 .131 

<.,OU1 

1 ,564 

t. • 1 81 

O.bCSt. 

1 • OY.5 

fJ.19:'> 0,11il 1),205 0.171 U.24:> 1.462 1.6U5 

-0.334 

0.11:> (J.1~~ 

0.29:3 

-O,1~1 

Q, 1 00 

RAS~D O~ OVERALL LOCAL INLET H.W.M. DYNAMIC HEAD 

-O.'~}1 -0.179 

0.232 

-U.201 

U.340 

0.208 0.3,1 0.230 U.455 
Il,' SED II N S P LI i L 0 C A L UJL ET ~i. W • 11 • D Y N Ar4 I C HE A D 

-0.163 -U.U4 

,.., .,) ".. 
", . ." .. " 

'" '" .,. 



, . 

PERrORn~'!r.E PAR.\r1CTc~S ;r1r, nrnW;F.R r!O 3. DUr-IP GAP 1.2 FLOW SPLIT 1.703 

HLiD(1-3) 

S/l(1-4) 

U-3) 

U-4) 

U-4) 

OUTlE"i(1-2) 

S/L(1-4) 

U-3) 

U-4) 

<.5-4) 

(;::-3) 

<.5-4) 

U-3) 

(c-4) 

LOSS COEFFICIENTS 
rt,E ,\\1 INN E ROUTE R 

~~s[n (11. nV[~ALL iNLET M.W.M. DYNAMIC HEAD 

0.51,$ 0.0:>9 0.0/$3 0.U4) 

o. 39 ~ o • 3'1 I, 0.(1)4 0.071 -U.036 

0.171. 0.224 O. 1 41 

-0.i15 -O.1jO -0.107 -0.012 - U. Ob 1 

().052 ().U6~ 0.047 0.113 O. 1 41 0.0'16 

ETA% 

(2.728 

lSD.099 

16.393 

AREA RATIOS 
MEAN IN~ER OUTER 

EFFECTIVE 

1 .1:\00 

1 • .$ 71:\ 

1 .916 

0.765 

1 .064 

f1EAN INLET 

0.770 1 . USU 

0.544 U.b.59 

0.909 1.0lSb 

0.302 U.466 

0.505 U.6U~ 

0.167 V.1Y' 0.1~3 0.168 0.152 0.11( 0.65lS U.lbl 

O. 31 .5 

0.39? 

O.56~ 

-0.1 D 

0.051. 

0.16/ 

-0.269 

0.279 

CA~tn (JU ~PLI"i IIILET A.W.H. DYNAMIC HEAD GEOMETRIC SPLIT INLET 

'.'. 6U l.. 

-U.'jl~ 

~).1Y' 

-1).3U:; 

I) • 1 43 

~' • oS (9 

(;.1<>" 

0.4'17 O.0~9 

r. • 3'12 0.(1)4 

0.171. 

-0.1U:; -0.0)5 

J.04(' {} . 1 i 3 

D.08S 

0.073 

0.231 

-0.012 

0.145 

0.044 

-0.036 

0.13'1 

-0.01'1 

0.0'1) 

12.728 

lSO.099 

16.393 . 

1.lS00 

1 .382 

1 .997 

O.76lS 

1 .11 0 

2.036 

1 .438 

2.404 

0.706 

1.'181 

n.Di O.~6lS 0.157 0.114 1.672 
flASi:D Oil OVERALL LOCAL INLET M.W.M. DYNAr-llC HEAD 

-().~49 -0.027 -0.1lS'I 

O. 11 0 O.co4 0.323 o .U) 

O.~.54 0.2H1 0.3U2 0.2/1 
OA~ED UN S~LJT LOCAL INLET M.W.M. DYNAMIC HEAD 

-0.032 -0.1/.5 

O,lun Il ') 11 A. 

1 .6) ( 

1 . .5 4'1 

1./)0 

U.b14 

1 .0) 6 

1. t!'1b 

(\) 
(\) 

LTl 



, . 

PERFORI1';~JC;; f'1\:l.;n[TF~$ r.·'lR :JIFFllSr:R 110 3. DU;'IP GI\f' 1.2 FLOW SPLIT 2.28B 

OUTLET(1-~) 

HEAD(i-3) 

~/L(1-4) 

(,,-3) 

(2-4) 

<5-4) 

OUTlET (1-2) 

HOD(1-3) 

S/L(1-4) 

U-3) 

«-0 

0-4) 

«'-3) 

(2-4) 

(3-4) 

(2-3) 

PRE~S')H~ REC'lVC~IES LOSS COEFFICIENTS ETA% AREA RATIOS 
r·lI'A!J ;'!f!E M (,)IHEi{ rl[ArI INNER OUTER MEAN IN~ER UUTER 

0.372 

0.S2 6 

-0.124 

0.030 

0.:54 

0.496 

0.526 

0.030 

0.154 

-0.21\5 

0.06~ 

0.256 

'l.4i.li 0.066 

0 . .545 0.O,!4 

".':>(t. 0.162 

-0.142 -0.0 /.2 

0.09 6 

0.1.3 7 
C f;" S t n (J rJ' :-; P L t T I r~ L r: T ~l .. t·J .. H .. 

I: .. ~6g 0.066 

0.5.52 0.U~4 

°.650 0.162 

-') .. 09U -0.157 -0.0 1.2 

iJ.Ou; O.01il o . O~) 6 

0.Oil9 

o . 11 7 

0.224 

0.027 

0.135 

0.0':>6 

-0.016 

0.1's!> 

-0.0(2 

0.107 0.1':>0 
Dn,Ar-l I C HEAD 

O.OY(3 

0.1 28 -0.01':> 

0.246 0.1's0 

0.030 -O.O/U 

0.14(3 0.0(':> 

(3.818 

(5.689 

(0.389 

(3.1l18 

(5.689 

EFFECTIVE 

1 • BOO 

1 .389 

1 .772 

0.772 

GEor1ETR I C 

1 .800 

1 .420 

1 .997 

0.78Y 

1 .110 

MEAN INLET 

0·736 

o • 51 7 

0.90Y 

0.287 

0.505 

1 .064 

o.yO,s 

1.UIlB 

U.':>U~ 

U.6U':> 

0.640 U.(66 
SPLIT INLET 

2.350 1.!>4Y 

1 .652 1.'s1!> 

2.903 1 .!> B4 

. 0.703 U.tl4':1 

1 .235 1.0~'s 

0.1:"2 O.1~:; 0.137 0.118 0.14!> 1.757 1.~U!> 

BASED ON OVERALL LOCAL INLET M.W.M. DYNAMIC HEAD 

-u .. , uH -O • .52J -O.o')S 0.063 -0.16!> 

1J.~'11l 0.30S 0.1('1 

O.~~7 O.C(.1l . 0.299 0.21~ 

BA~.ED orJ SPLIT LOC"L INLET r~.W.M. DYNAMIC HEAD 

-D.~H7 0.090 -0.146 

" ,,-
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APPENDIX 6 

BOUNDARY LAYER PARAMETERS 

S"'= 1. 20 

FULLY DEVELOPED ENTRY CONDITIONS 

r 

" 



, , 

OOUNDARY LAYER PARAMETER~ FOR DIFFUSER N01. DUMP GAP O.~ FLOW SPLIT 0.'10 

unA R/IJr1IiX DELT,iSTAR % 

INLET 0.6(211 

OUTLET Q.8j54 

SIUNNER 1r.<)94 

S/LOl'T(R 0.9j~1 6.50l 

O.6j27 ~.343 

HEAD OUTER 0.7'1"9 r.3711 

I rnl E n OUTrR OUTER 

THETA % 

, 0.711 

12.475 
\ 

13.n'l 

INNER OUTER 

SHAPE FACTUR 

MEAN 

1.21>411 

1.30(1 

1 .3914 

1.40(4 

INNER OtlTE R 

SPLIT nOUNDARY LAYER PARAMETERS (AOOUT MAX VEL) 

1NL ET (). g 19 6 

OUTU:T 0.9.,54U 

SI LOUTER 0.9.,561 

HEAD INMER 0.gZ13 

HEAD oUTER 0.9645 

IIJLET 0'09'14 

OUTLET ').9:>60 

0.942f 

O· (')0:' 

O'I$'·U.,5 

o JOg ( 

5.76:> 

0.IIU4 

16.0711 

4.63:> 

5.304 

6.7.31 

6.863 

14.1,:>7 

1 • Z 4'/ 

1.6'15 

0.U35 

6.96"( 

6.449 

1 Z ,l6l 

4.539 5.2'17 

U.71)0 9.405 

12.170 , .0.,56 

3.766 1.25'1 

U,034 

0'0 66 

4,652 5.2u 4 

2.302 1>.126 

1, zru 

1 .148 

1 ,321 

1,2.51 

1 ,3'15 

1.0 f 7 

1 .1 U 4 

1.296 

1 .231 

1.368 

1 .036 

1·412 

1 .2S9 

1 • ~ 71 

ALPHA 

I~EAN 

1.04:'6 

1 .02f~ 

1.01:lU2 

1.01l36 

INNER 

1 .041 

1 .014 

1 .054 

1 • u24 

1 .081 
, 

'·u0 4 
\ , 

1 • u5 0 

1 • U 0,6 

OUTER 

1 • U 21 

1.0P 

1 • U U 1 

1·01l.5 

1.02'1 

1.11'1 

N 
N 
Cl 

I 





< • 

BUUNDARY lnY~R PARAM~TERS FOR DIFFUSER NO'. DUMP GAP 0.5 FLOW SPLIT 1.422 

unA n IIHMX DEL T/iSTAR 7. 

1·1 EA'J 

I N LET 0.8(23 

OUiLET 11..57 ( 

S/LINNER 0. 9 502 8.114U 

S/LuUTLR 0.9415 6.144 

HEAD INNER 0,7:>13 

HEAD OUTER 

INIJE!1 OUTER 

THET.'I % 

10. /71 

INNER 

8.71.4 

7.352 

4.1i7.3 

5.529 

OUTER 

SHflPE FACTOR 

I1EAN 

1 • ~848 

1.30 4 1 

1.Z0~( 

1.Z751i 

1.~9(0 

1 • 33u~ 

INNER OUTER 

SPLIT nOUNOARY LAYER PARAMETERS (ABOUT MAX VEL) 

INLET 0.8/96 

OUTLET Q.8651i 

S/LUUHR 0.9506 

HEAD INIJER 0.7356 

HEAD OUTER 0.9352 

OUTLET 0.8264 

, 

5.76~ 

2.047 

5.771 2.0Ul 

0.'/1Y'!' 2.232 

1. uoo U 3.511 -0.000 

0.030 4.9'111 

4.539 

4.1l30 

3.222 

5.329 

0.029 

:'>.297 

1 .1:; 1 

1.65Z 

-0.000 

3J:'>1 

1. ztu 

1 .1 43 

1.~'17 

1 .031 

SPLIT BOUNDARY LAYER PARAMETERS (ABOUT S/S) 

4.537 5.5U1 1 .500 

0.')5')4 1.9'16 6.439 1 • <126 1 ,3/6 

1. '196 

1 .169 

1.143 

1 .536 

1, vOli 

1 .353 

1 .2f1 

ALPHA 

I1E,HJ 

1.04~6 

1 .0 460 

1.oa6 

1.0266 

INNER 

1 .041 

1. un 

1 • U 1 2 

1 • 1 6 1 

1 • U 0 1 

1 , U 4 <I 

1 ,u69 

OUTER 

1.04'/ 

1 • U 21 

1 .06" 

1.0UU 

1 • U6u 

1 ,044 

1,001$ 

I\.) 

w 
o 



[jOUN()ARY LAYER p !\R!\t1ETER3 FOR DIFFUSER N Cl 1 • D'HIP GAP O.S FLOW S PL IT 2,020 

UnA RI :1J1AX OELTASTAR % THETA Y. SHAPE FACT!)R ALPHA 

MEA:l . IlEA N MEAN MEAN ME~N 

INLO 0.3'28 13.839 11l,n, '.28 48 1.0 456 

OUTLET 0. 7<)('0 22. 96 7 14,1 57 1.6224 1,1 6 01 

S/LlNNf.R 0,9:5'';9 8 • 369 7.063 1 1849 1,0194 • 
S/LOUTER 0,96 16 4.037 3,3~6 1,21 3 8 .1,0156 

HEAD INNF.R 0.6(75 11,78, 6,7,';5 1,7493 1 ,2292 

HEAD oUTER 0,84('''-; 5,657 4.116 , ,3745 ·',0738 N 
w 
p 

I NIl E R OUTER IN~H:R OUTeR INNER (JUTER INNER OllTER IN"lER OUTER 

SPLI T BOUNDARY LAYER PARM1ETERS (ABOUT MAX VEU 

INLET 0. 379 6 0. 3 1)75 5.765 6,36:~ 4.539 5,297 1 ,2 7 0 1 ,29 6 1 ' 041 , '049 

OUTLET 0.7563 0,')303 21.1 7 3 1,433 1 2,659 1 , 196 1,673 1,1913 1 • 1 '} 0 1,O2 l 

S/LlN~[;R 0.9651 0. 92 6' Q.1\9 1 1·,87r, 0'796 4,086 , ,1' 9 1 .197 1 .008 , ,02 l 

S/LOUTER 0. 96 54 O. '} 5 45 2.3 59 , .523 1,({7e 1 .230 , "en 1 ,237 1 , 0'3 , ,020 

HEAD I N'vC R 0,6566 Il ,'It) 0' 11 . 758 0,020 6.7'2 0,01 9 , .752 1,020 1 .21 1 , ,00 U 

flEA D OUTER 0. 9 354 0,3380 0.029 5,366 0.028 3,897 , .030 , .377 1 .00' , • on 
SPLIT RoUr-IDARY ~i\VER PARAMETER!> ( ABoUT SI S) 

INLET 0. 8394 O,Il"o'.l 6 25 .0 6,612 4,439 5.385 1 ,3 57 , • 2 2B , ,060 , ,03::' 
<-

OUTLET 0,6203 0," 21W 18.430 3,636 10,342 3.046 , ,7 8 2 , • , 94 1.'65 , .020, 
, 



BUU~WAR,( LJ\ Yr R PJ\Rl\flf;TER3 FOR DIfFUSER N 01 • i\UI1P GAP 1.U F LO\·I S PLI T !J.177 

IJCJ\R/IHlAX DELTASTAR ., 
THETA % SHAPE FACTOR ALPHA " 

t1EMI 11EMI MEJ\N MEAN MEAN 

HI LET 0.8/21l 13.Il.5'1 10. 771 1.21141l 1.0456 

OUTLET 0.7015 24. '145 13.1()13 1.13117 1.aO!! 

S/LINljER 0.71(,(' 21>.500 17.835 1.5116!! 1.1530 

S/LuUTER 0.9427 6,U2U 4.1 6'1 1.444U 1.0.568 

HEAD INNER 0.1l501 5.'.16 4.102 1,.50'14 1.05U 

HEAD UUTE 11 0.6570 21) • .52U 10.1 1l 7 1.Y94( 1 .36/3 
I\) 

w 
INNEr- OUTER I WIE R UUTER INNER OUTER INNER OUTER INNER OllTER 

rv 

SPLI T rlOUNDJ\RY L,\YER PA R At1 ET E R S (ABOUT MAX VE l) 

III LO U.8"(96 U.8675 5.76~ 6.1)63 4.539 5. 2Y 7 1.2(0 1.29 (, 1 .041 1.U4'1 

UUTLET 0.<1787 0. 1 236 4.I1.5u 16.065 3.71$0 1.9/'d 1.2/8 2.014 1.u43 1 • 32'1 

SI LI N:,E R 0.7371 0·lla9:> 24.715 2.3.s;i 15.38 3 1.5'1'1 1.607 1 .1 77 1 .159 1 .076 

S/LUUTER 0.9514 O.Y214 3.627 2.17l 3.082 v.9'd6 1 .117 2.202 1 .01 5 1 • UY:' 

HEAD 1Nl, [R O.U414 O.'17'111 5.45U 0.040 4.138 U.03'1 .1.312 1.0'.< 1 • uS 2 1 • OU 1 

HEAD OUTrR 0.'1696 0.6246 0.061 111.877 0.057 '1.43Y 1 .065 2.000 1 .003 1 .365 

SPLI T aoUrl DAR Y LI\YER PARM1ETERS (J\BOUT S/S) 

I N LET 0.'105'1 O'il:>~:> 5.610 7.vu6 /,,67.7 5. Zl1 1 .212 1 .342 1 • U30 1.0:>( 

.. OUTLET 0. 9 026 O.6('~0 5.31'1 15.6>5 3.926 '.1166 1 .3:' 5 1.'1'10 1 ,051 1 .31.1 

, 



<'. 

BOUNDARY LAYER PARAMETERS FOR DIFFUSeR NII1. DUMP GAP 1.0 FLOW SPLIT 1.0Z4 

UCAR/UI'IAX DELT"STAR % 

IN LET O.Il(211 

OUTLET 21.13.51+ 

S/LlNI<ER 

S/LOUTER C.9l73 l.SIl:' 

H EA DIN Il ER 0. 7:>05 1U. 1l71l 

HEA;> OllTER 0,7554 

I N IJ E R OUTeR olJTE R 

THETA % 

10.771 

6,102 

6,,4U 

7. S1 ( 

INNER OUTER 

SI1APE FACTOR 

1.21341l 

1.601l6 

, .66S4 

1.631:12 

INNER oUTER 

SPLIT nOU~nARY LAYER PARAMETERS (ABOUT MAX VEL) 

IULET 0. g(96 

OUTLET o.llz80 

S/LlNNER O.g666 

S/LOUTER O.<J3()U 

HEAD INNER 0.7374 

HEAD OUTER 0.9750 

INLET 0'0:$95 

OUlLET Q.<34Q1 

O. ((17l 

O,'.IZ24 

0.'.122:> 

O.Y7'J( 

5.76:> 

12.57 l 

5,224 

10.1130 

1. 6 41 

2.143 

O,()40 

11,266 

5,297 

5.969 6.073 

6.494 0,0.59 

1.2(0 

, .4'.19 

1.2.53 

1 ,1''.1 

1 • 6613 

1.0:>3 

SPLIT OOU~DARY LAYER PARAMETERS (ABOUT S/S) 

5.76'.1 

0.1 71+.5 11.62:> 10.573 

4.544 5.29 3 

6,061l 

1 .2 (0 

1 .445 

1.296 

1.695 

, .,59 

, .41l1 

1 .042 

,.642 

1.2'1 6 

1 .742 

ALPHA 

1,0456 

1.0569 

1,0215 

INNER 

, • u41 

, .1'2 

1 .029 

1 • 015 

, .193 

1·002 

1 .041 

, .0 9 7 

OUTER 

1.04 Y 

1.11l6 

1 .04 ( 

1 • 0 ~ ( 

1 .001 

1 .041\ 

1 .20 4 

N 
W 
W 





OUUNDARY L,\YER P ,\ RMI C T I: R;, F()P, DI FFUSER N01. DUMP GAP 1 • U F LOt~ SPLI T 1 • 'I 78 

U[)A RI 'Ir·IAX flELT{,STAR % THETA % SHAPE FACTOR ALPHA 

I,' f: A:I fI EArl MEA"! NEAN I1EAN 

WLET 0.8(28 1.5.113'1 10. (71 1,2848 1 ,O4~6 

OUTlET O. 7') 1 2 l3.50( 13.n( 1.7()63 1,1/l.s:s 

5/LINNfR o./l/l7,6 14.116/l 11.57r 1. z843 1.044/l 

S/LOUTER 0.9617 4.ua 3.261l 1. Z3V6 1.0167 

HEAD IIJrl E R 0.7U60 7 • .sa 5.0(' r 1 • 44~o 1.0'171 

HEAD OUTER a JY 1.2 1U.ZU1 6.461 1. 57(2 , .1'U6 

N 
W 

I rmER nUTCH IlmER OUTER I N IJ ER OUrER INNER OUTER INNER oUTER 
Ul 

St'L1 T nOUN[)ARY LAYER PARMIETERS (ABOUT MAX VE Ll 

I rlLer 0.11'196 O./l67~ 5.765 6.iS63 4.539 '> • 2Y 7 1.210 1 .296 1 • U41 1 ,U4 'I 

OUTlET 0.7471 0. 81.1::> 15.162 6. (,6() 7.872 4.716 1.9l6 1 .41.5 ,. l79 1.U/l:> 

SI LI IJ N E R 0.'1672 0. 86 :'0 o.69 l cl.241. 0.59 1 7.164 1.11U 1.GO/! 1 • a 11 1 • U4 ( 

S/LOUTER U.,)4?l o.Y(,lja 1 .7V2 2. 1U 5 1 .409 1.6157 1 .208 1,241l 1 .020 1 .01 :> 

HEIII) I N!j E R G.7725 0.')765 7.26Y 0.047 5.016 0.045 1 .449 1 • u5u 1 • aY 4 1.UO': 

HEAD OUTER o.C;~"gCI U. ((,ljI, 0.12/ .0.451) 0.122 5.<J:>/l 1 .043 1 .58 ( 1 .001 1 .15'1 

SPLIT onlJllr!ARY LA YER PAR Ar-I t TE R S (ABOUT S/S) 

I1JLET t'.B 4 Z4 0·B:l'/1 5. g<J 2 6.73(, 4.439 5.31S 4 1.sa 1 • 2 ~ 1 1 • U ~ 2 1.03') 

, . (JUT LET 1J.675<J 0. 11 .,(1. 14 5113 7 .1:;'9 7.635 4.9U5 1 .910 1 .460 1 .300 1 .01S1) 

'. 



, , 

OOU~DARY LAYER PARAr'~TER3 FOR DIFFUSER N01. DUMP GAP ~.O FLOW SPLIT 0.619 

U3AR/'Jr.1AX 

INLET 0.8(28 

OUTLET 0. 76 25 

5, LI NI,E R 

S/LUUTER 

HEAD OUTER 'J.7U';S 

INLET Q.8l9C, 

S/LlrnER 0.7'/3'1 

S/L01JTER ').'}')18 

HEAD OUTER 9.'1556 

., 

INLET O.,}011 

OUTLET 'J .1152'1 

OUTeR 

THETA % SHAPE FACTOR 

11 E A N 

1.5.3.$'1 10.7(1 1.21:l41:l 

26.r 3Y 14.1162 1.79Y2 

1.3496 

1.2311 

1:>.4'J1. 1 • 1:l11:l0 

1.5.'16( 3.394 1.6640 

OUTER INNE~ OUTER INNER OUTER 

SPLIT BOUNDARY LAYER PARAMETERS (AGOUT MAX VEL) 

5.76:> 6.863 4.539 

14.7)/1 

ZO.59) 1.'24 

4. 11 6 1.,I:lO 3.630 

15.460 0.026, 8.490 

0.08 1 

6.401 6.3US 4.756 

9.061 14.01HI 5.730 

5. 2'J 7 

l.41:l5 

1.2.5.5 

1.023 

0.0~6 

5.116 

7.301 

1. uo 

1. 505 

1 • ,364 

1 .1 34 

1 .1:l21 

1 .0'111 

1 .346 

1 .51:l2 

1,296 

1,972 

1 .1 34 

1,544 

1.027 

1.66'1 

1.232 

1,'150 

ALPHA 

1.0456 

1.2.506 

1.26n 

1.1 lS ''} 

INNER 

1 .041 

1 .115 

1 .060 

1.010 

, ,266 

1 • U 06 

1 • U5 0 

"117 

OUTER 

1 .04'1 

1 • 521 

1,0.51 

1.07U 

1 ,02 j 

1.31:> 

N 
W 
en 



I3UU[,DARY LAYER p ,~RA(1r: T E RS FOR 01 FFUSER N01. DUflP GAP l.O F LUH SP LI T U. '146 

. U31\HI 'IrH\X OELTI\STI\R % THET" % SHI\PE FACTOR ALPHA 

f1EMl f·1EAN ~lEI\N ~lE A N f1EAN 

I:HET 0.8128 15.1\3'1 10. "1 1. ,,54/l 1.0456 

OUTLET 0.7/65 2~.161l 1/ •• 7Ul 1.711 9 1.1'1lS~ 

SI Ll N';ER 0. 8 478 1'1.2/; 14.57; 1 • .52£5 1.0;64 

S/LOUTER 0.9'::41 r.97f 6.;01 1.a1O 1.0"!:>O 

HEAD I W, E R 0,7.::57 1.5.285 7.66'1 1.73~1 , .2<:64 

HEA~ UUTER 0.7459 1,.516 7." 0 1 • 61'1 1 1.1 (42 

N 
w 

IN r:E R OUTH IN'fE R OUTER INNER OUTER INNER OUTER INNER OUTER 
-J 

SPLI T nOUN;)ARY LAYER P 1\ R Mo' E TE R S (ABOUT f1AX VE l) 

INLET 'J./l(Q6 O. Md:> 5.765 6.1:163 4.539 5.297 1.2/0 1 .296 1 .041 1 .04'1 

OUTLET l).afJ10 0.(";/0 9.(.3" "12 • 36~ 6.09 2 6.1',(( 1 .5119 1 .799 1.149 1 • Z 3/l 

S/LlWJER O.tlS10 o .'J n 31 16.406 1.1l11 12.553 1 .319 1.3U7 1 .137 1. U49 1,062 

S/LUUTER 0.'1l90 O. 'JOZo 6.064 1.736 5.334 1.U59 1 • 137 1.639 1 .01 2 1.01>6 

HE"D U,:JER 0. 7129 O.'1?2U 13.216 0.056 7.605 0.0).5 1 .738 1 .059 1.a9 , • ou l 

HEAo OUTER {).91588 O·IZCS 0.04 ; 10. 11 25 0.0 4 3 6.669 , • 045 , .623 , • U 0' 1.16'1 

SPLI T n 0 UI~ 0 A R Y LA YER PI\RAHETEP,S (AIlOUT S/S) 

INLET 'J.9()14 0.1541,~ 5 .31:> 7,272 4.551. 5. C 81 1 ,1 6 7 1.377 1 .Oc3 1 • ()6 ( 

<. OU TL E T 0,,0251 0,/.';1.5 9.'.5 c 12,569 6.10' 6.1161 1 .549 1 .830 , .131 1 • 2~'1 

'. 







BOUNDARV LAVER PARAI"(TE,S FOR rH FFUSER "402. DUMP GAP 0.5 FLOW S P LI T 0.:; 81 

UBAR/uMAX DELTASTA;~ 7- THETA % SHAPE FACTOR ALPHA 

ME"N ~lE A N MEAN MEAN MEAN 

INLET 0.3723 13,1\39 10,771 1.2341\ 1.0456 

OUTLET 0.7497. 23.734 13.553 2.1202 1.3364" 
, . S/UNI;eR 0.0:>72 18.089 1' .. 066 1 .2860 1.0457 .. :; 

S/LOUTER 0.91.'\4 11.571 6.784 1.2635 1.0322 

HEAD INNER 0.3629 4.692 3.619 1.2965 1 .0492 

HEAD OUTER 0.6'172 13.719 8.241 1,66 47 "1 8 46 

INNeR oUTER INNEfl OUTER I'-lNER OUTER 
N 

INNER OUTER INNER OUTER .;0-
0 

SPUT BOUNi,ARY LAYER PARAMETERS (AIlOIJT MAX VE L) 

INLET 0.,3796 0,1:1675 ">.765 6.863 4.539 5.297 , .270 1 .296 1 ,041 1 ,04'1 

oUTLET 0.9640 0.7021 0,741 l1.633 0.690 9.963 , . on 2.176 1 .004 1 ,410 

S/UNNER 0,8337 0.<1372 16.590 0.9n 12.792 0.830 , .297 , • , 86 1 .046 1,01/1 

S/1..0UTER 0.9181 0.9196 6.4611 1.9011 5.453 1 .208 , .186 , .580 1.020 , .069 

HEAD INNER 0.8539 0.<,1,191 4.667 0.022 3.595 0,021 1 .298 1.022 , 1 .049 1,000 

HEAD OUTER 0.9804 0.6:>41 0.039 12,910 0.0311 7.742 1 .041 1 .668 1 .001 1 • 1 76 

Sp Lt T BOUNDARY LAYER PARAMETERS (ABOUT S/5) 

INLET 0,9147 0.3077 5.636 6.991 4.849 5.031 , • 162 1 .390 1 .021 1,06 6 

OUTLET 0.9674 0,5416 , .820 20.854 , .1\02 9.100 , .010 2.292 , .000 , .484 





, . 

", 

BOUNDARY I.AVER PARAr'r:TER3 FOR DHFUSER NO?. DUr~p GAP 0.5 FLOI~ SPLIT 1.218 

I N LET 

OUTLET 

S/LOUTER 

HEAD INNER 

HEAD OUTER 

1H3AR/lJ~lAX 

0.37 28 

0.0.177 

0.9167 

O. 9.~:S5 

0.8009 

0.7 11 62 

INNER 

MEAN 

13.Fl39 

13.591 

10.549 

6.991 

7.272 

8.7 8 3 

INNER OUTEll 

THETA r. 

t1EAN 

10.771 

12.883 

INNER 

9.014 

5.939 

4.890 

5.934 

OUTER 

SflAPE FACTOR 

t1 E A N 

1.2848 

1.4431 

1.1703 

1.1771 

1.4870 

1 .4800 

INNER OUTER 

SPLIT nOUNDARY LAYER PARAMETERS (ABOUT MAX VEL) 

INLET 0,8796 

SIll N 1/ E R 0,91 08 

S/LOUTER 0.9334 

HEAD INNER 0.7890 

HEAD OUTER 0,9800 

INLET 0,8829 

OUTLET 0.8222 

0.<167:> 

0.'738',1 

0. 9787 

0.77'63 

5.765 

8.916 

7.7.23 

0.040 

6,,863 

7.139 

1 .567 

0.0 /+3 

i\. 293 

4.S39 

6.403 

7.617 

4.589 

4.844 

0.039 

5.297 

5.01 9 

0.911 

1 .226 

0.041 

5.592 

1 .270 

1 .464 

, .171 

1 .147 

1 .491 

1 ,042 

SPLlT OOUNDARY LAYER PARAMETERS (ABOUT S/S) 

0.1-1(·45 5.726 6,893 

O. W.iOll 9.328 7.179 

4.539 

6.401 

5.297 

5.020 

1 .261 

1 "457 

1 .296 

1,422 

1 , , 47 

1 .278 

1 ,044 

1 ,483 

1 ,302 

1 .430 

ALpHA 

MEAN 

, .0456 

1 .0948 

1.01S0 

1.01S1 

1. 1 1 7Q 

1.,,29 

INN~R 

1 • 0 4 1 

1 • , 0 2 

, • 0 18 

1 • 0,3 

, .119 

1 • 0 0 1 

1 .040 

1 .102 

OIJTER 

1 • 049 

, • 088 

, .0" 

1 , 0 0 1 

1 • 1 1 ~ 

1.051J 

1 .OS/j 

'" .,. 
'" 



BOUNDARY I.AYER PARAllET E RS FOR DIFFUSER IJ 02. DUMP (jAP 0.5 FLOW SP LI T ,,811\ 

UilAR/Ul1AX OF. LT t\sT Aol % THETA % SHAPE FACTOR ALpHA 

r1E'\N I-lE AN 11 E A N MEAN MEAN 

INLET 0.8 1 211 13.1\39 10.771 1,28 48 1.0456 

OUHET 0.ilU95 21.1\26 12.718 1.7162 ",755 

S/~INNER 0.9 3 09 8.759 7.319 1.1968 1.0205 

S I ~OUTER 0.9~O2 5.234 4.551 1 .1499 1.0126 

HEAD INNER 0.7141', 8.7.26 5.422 , .5171 ",290 

HEAD OUTER 0,8267 7 • 1 20 5.059 1 • 4073 1.0859 

PWER OUTER IfHlr:R OUTER ! N IJ E R OUTER INNER OUTER INNER OUTER "" "'" 
S~Ll T flOUNDARY LAYER PARAMETERS 

w 
(ABOUT MAX VEll 

INLET 0.8796 0. 11 675 ~ .765 6.863 4.539 5.297 1 .270 1 .296 1 .041 1 .049 

0UHET 0.7575 0,9027 17.1l35 3.092 9.492 7..498 1.879 , ,237 1.7.60 1,03i: 

SI Ln.::JER 0.9500 0.9234 0.726 5,239 0.656 4,345 1 .106 1 .1 20 1 ,007 1 .O2l 

S/LOUTER 0.9517 0. 9 :.6:> 3.603 1 ,480 3.217 1.211 1 .1 20 1.22? 1 • 0 (.9 1 ,02' 

HEAD INNER 0,7606 a,9;)76 8 198 , 0,025 5,39:; 0,024 1.520 1,025 1 • , 27 , .00\1 

HEA;) OUTER 0.9925 a,goal:) 0.030 6.726 0,029 4.771 , .029 , ,410 1 .oeo 1 ,085 

SPLl T flOUNl>ARY LAYER PA RMIE TE RS (ABOUT S/S) 

I N LET 0.8546 0,,0,331 5 • 709 ·(,.91v 4,485 5,343 1.273 , .293 1,040 , .04' 

, . OUTLET Q.6506 0.'1364 17.703 3.149 8.931 2,936 1,982 1 ,073 1 ,335 , ,00'( 

'" 



BOUNDARY LAYER ;> ,\ R Af1 r:T E R S FOR DIFFUSER NO?. DUMP IjAP 0.5 FLOW SP Lt T 2.557 

UBAR / Ul1AX DF.LTA!':TIIR r. THETA % SilAPE FACTOR ALpHA 

MEAN ~'cAN MEAN MEAN MEAN 

INLET 0.8'28 13.1\39 10.771 1,2848 1 • 0456 

OUTLET 0.7614 27,321l 12.527 2.1816 1.320!> 

StLlNNER 0.8·104 1:>,14!> 1 2.229 1,2384 1.0320 

St~ouTER 0.9642 3,766 3.2313 1.1632 1. 01 1 3 

HEAD IN"lER O,7170 7,631 4.881 1,5632 1.1478 

HEAD OUTER 0.8~S3 l.541l 5.378 1,4036 1.0840 

I 'Jl~ E R OUTER INNER OUTER INNER OUTER INNER OUH R INNER OUTER '" ~ 
~ 

SDLlT 1'l0UNOARY LAYER PARAI1ETERS (ABOUT MAX VEL> I 

INLET 0.8796 0. 11 675 5,765 6,863 4.539 5.297 1 .270 1 .296 1.041 - 1 .049 

OUTLET 0.6651 0. 9 :.21 25.023 1,786 10.510 1 .562 2,381 1.143 1 .503 1.015 

StUNNER 0.9505 0,8714 0.719 9.407 0.602 7.582 1 .193 , .208 1 .017 1 .03' 

StLouTER 0.9427 0. 971" 1 .5" 2.047 1. 251 -1. 804 1 • 208 1 • , 3 5 1 • 0 2 1 1 • 001l 

HEAD I N i~ E R 0.7634 0. 9 (,86 7.559 0.063 t •• 81 5 0,059 1 .570 1.067 1 .151 1 .005 

HEAO OUTER 0.9888 0.8173 O.O2~ 7.120 0.022 5.067 1 .023 1 .405 1 .000 1 .084 

SPLI T BOUNDARY l,AYER PARAMETERS <'\BOUT S/5) 

INLET 0,8301 0. 8"04 5.401 7.177 4.249 5.544 1 .271 1 .295 1 .033 1 .04 6 

OlJTLET 0.5065 , - O.949fJ 23.89 4 2.612 9.()66 2.683 2.635 0.973 1 .688 0.994 

'. 



BOUNDARY LAYER PARM~"TE RS FOR DIFFUSER N02. DUMP (jAP 0.8 F\.OIJ SP Lt T 0.707 

UBAR/IJIMX DF.LTAl;T,\R r. THETA % SHAPE FACTr)R ALPHA 

ME ,;Ij H~AfI MEAN MEAN MEAN 

INLET o.sri'S 13.839 10.771 1.7.848 , .0456 

OUTLET 0.7 4 12 2",641l 15.367 1 , 9 294 1.2846 

StLlNNER 0.8 /".7 1" , 6 71 1 5 • 1 09 1,3019 1.0496 

StLOUTER O,9~27 4,975 4.3 8 3 1.135, 1.010 4 

HEAD INNER 0,8074 8,39 7 5.7 6 3 1.4572 1.1047 

HEA 0 OUTER O.?57fl 11.32:; 7.047 1.6072 1.,682 

I NI, E R OUiER INNER OIJTER INNFR OUTER INNER OUTER INNER 
N 

OUTER .l'> 
(Jl 

SPL IT BOUi4£lARY LAYER PARAI~ETERS (ABOUT ~'AX VEL) 

INLET 0,8796 0,1167:> 5,765 6.863 4.539 5.297 1 .270 , .296 1.041 , 1 .049 

OUTLET 0.8439 0,6784 6.782 17,712 4,339 8,154 1 .401 2.172 1 .082 1 .42 6 

S/\.INNER 0,8227 0.CJ269 17.716 1 ,27/. 13.461 1 .075 1 .316 1 .093 1,050 , .021 

St~OUTER 0. 9 559 Q,9f.16 3,573 1 .273 3.268 1,012 , .09 3 , .258 1. 006 1.02/) 

HEAD INNER 0.7974 0.'/:\19 .1.355 0,036 5.722 0,035 , .460 1,037 , • , 05 , ,001 

HEAD OUTER 0.9663 0.7267 0.068 10.651 0,063 6,608 , .072 , .612 '.0()4 1 • '67 

SPLIT BOUNDARY LAYER PARAMETERS (ABOUT 5/S) 

INLET 0,9110 0,3225 5.487 7.113 4,682 5.173 1 .172 , .37fJ 1 .023 1 .065 

, . OUTLET 0,8822 ;) J,022 6.686 17.804 5.060 7.978 , .321 2.232 , .058 , .480 

'. 



BOU:~DARY ,-AVER ? A RII 1·1 t:T E fI S FOR D! HUSER rH) 2. DtHtP GAP 0.8 FLO!'} SPLIT 0.968 

(rBAR ItJl~AX DELT,"5TAf~ X THETA % SMAPE FACTOR ALpHA 

r~c'''rl 11 ~ Atl MEAN MEAN MEAN 

INLET 0.6"21\ 13.13 39 10.771 1.28 48 1.0456 

OUTLET 0. 7 '+25 29.49 3 16.117 1.3302 1.2552. 

SILl Nil E R 0.36133 16.6~1 13.171 1.2619 1 .0394 

S/LOUTER O.93<l~ 6.483 5.750 ',1275 , .0104 

HEAD I N:~ER o. 7t Oi) 10.0~6 6.392 1.5685 ",507 

HEAD OUTER 0,7'.40 11 .600 7.445 1.5581 1.1417 

J\.) 

!iWER OUTER INNF,R OUTER INNER OIJTE R INNER OUTER IN:J e q OUTER ,p .. 
en 

SPLIT BOUNDARY LAYER PARAMETERS (ABOUT NAX VEL) 

INLET 0.8796 0. 11 (,75 5.765 6.863 4.539 5.297 1 .270 1 .296 1.041· 1; 04'1 

OUTLET 0.7902 0. 7 067 10.296 11 •• 8 7 3 6.460 7.4BO 1 .594 1 .9 BIl 1 • 155 1.337 

S/LINNER 0.8 (.95 0.9 f.09 15.041 1.030 ".85, 0.861 1 .269 1 .1 ,8 1 .038 1,020 

SI LOUTER 0 .. 9:F2 O,o:'3i! 5.366 I .014 4.798 0.863 1.118 , .174 1 .009 1 .01 r 

HEAD INNER 0.7572 O.9CJ44 10.013 0,011 6.379 0,011 , .570 , ,011 1 .150 1 ,000 

HEAD OUTER 0.9868 0.7321.l 0.026 10,922 0.026 7.001 , ,027 1 .560 1 .001 1. 1 37 

Sr Ll T 1l0UN DARY LAYER PARAMETERS (ABOUT 5/S) 

INLET 0.9017 o. g/.,40 5.301 7.2ill+ 4.554 5.281 1 .164 , .379 1 .022 1 ,06B 

, 
OUTLET 0.8101 0.(,:130 10.155 '.4,993 6.471 7.469 1 ,569 2.007 1.142 , .355 , 

j {< 

, 



aOUNDARY LAYER f'I\RAf'~TERS FOR DIFrUSER NOZ. [lUr~p GAP 0.8 F LOI./ SPLJ T 1 .003 

USA R frmAy. DEL TA~TM~ " THETA " SHAPE FACTOR ALpHA I, 

rlEMI l-1EAN MEAN ~'EAN MEAN 

INLET 0.8 7 7.11 13.1\39 10.771 1.7.848 1 .0456 

OUTLET 0.747/. 21\.935 16.080 1 .7994 1.2428 

S/LlNNER O.81:l13 15.036 12.291 1.2233 1.0289 

S/LOUTER 0.9.5"1 6,721 5.87.8 1.15.52 1. 0'42 

HEM IN~~ER 0,751 7 11.421 7.021 1.6266 1.1758 

HEAD OUTER 0,7,.1\1\ 11.3131 7.324 1 .5539 1.1411 

N 
nmER OUTfOR IfHlrR OUTER INNER OUTER INNER OllTER INNER OUTER "" -.J 

SPLI T BOUNDARY LAYF.R PARAr~ETERS (ABOUT MAX VEL> 

INLET 0.8796 O.M75 5.765 6.863 4.539 5.297 1 .270 1 .296 1. 041. 1.04'1 

OUTLET 0.7874 0.7162 10.673 1/ •• 142 6.577 7.361 , ,62/. , ,921 1. 1 66 1.30:' 

SfLlNNER o .8641 0. 9 456 13. 582 o . <) 48 11. 035 0.819 1 .231 1 .1 49 1 .028 1 .01 4 

SfLOUTER 0.9335 O.'Jt.SIl 5.538 1.073 4.818 0.916 1.149 1 .171 1 .01 4 1 .01 6 

HEAD IN'JER 0.7386 0.<)"33 11.405 0,013 7.006 0.013 1 .628 1 .01 4 1.175 1 .000 

HeAD OUTER 0.9852 0,1379 0.030 10.712 0.029 6,885 1 .031 1 .556 1 .001 1 .131) 

SPLIT I3()UN;>ARY LAYER Pi\RM1ETERS (ABOUT S/S) 

INLET 0,89 12 O,Wj52 ">.,,02 6,829 4.548 5.290 1 .276 1 .291 1 .042 1 .047 

, , 
OUTLET 0,8052 0.6966 10.39() 1' •. 335 6,582 7,353 1 ,579 , .956 1 ,1 49 1 .32 0 

" 



BOUNDARY LAYER PI\RM1~TERS FOR DIFFUSER NOZ. Dur·1P GAP 0.8 FLOW SP Lt T I .786 

UBAR{t)i-11\X D£'LTAST'~Jl % THETA " SfiAPE FACTOR ALpHA 

f1 E A N 11 [A N MEAf~ f1EA N MEAN 

INLET 0.8 728 13.1\39 10.771 1.2848 , .0456 

OUTLET 0.7 1,66 2Y.022 ,4.614 1 .9859 '.29 05. 

Slur-mER 0.95<)11 '.625 6.251 1.2198 1.0<!17 

S/LOUTER 0.9')113 4.3 77 3.809 , , , 491 1.0112 

\lEAO IN'JiOR 0.76 56 9.110 5.974 '.5250 ",312 

HEAD OUTER 0. 71:184 10. 1+8 6 6.940 1.5110 ",258 

I N fJ E R oUTeR INNER OUTER INNER OUTER 
N 

J fINER OUTER INN~R OUTER "" co 

SPl.IT BOUNDARY LAYER PARAMETERS (ABOUT MAX VEL> 

INLET 0.8796 0. 11 675 5.765 6.863 4.539 5.297 1.270 I .296 1.041 - 1; 04'1 

OUT LET 0.6342 0.il166 19.124 7.667 7.985 5.135 2.395 , .493 I .482 1.' P 

S/LIN1'ER 0.9591 0.~373 0.594 4.5(\5 0.541 3.723 1 .097 , .125 , .006 , .02 4 

S/LOUTER 0.9604 O.'l'37,fl 3.042 'i .212 2.703 1 ,004 1.125 , .208 1 .009 , .0,1:1 

HEAD IN"IER 0,7509 0.'1974 9,105 O,OOS 5.96/l 0,005 1.526 1 ,005 , • , 26 1 .000 

HEAD OUTER 0.9896 0,7::00 0.021 9,826 0.020 6.497 , .021 1 .512 , .000 1.126 

SPLIT BOUNDIIRY LAYER PAR"'~ETER:> (ABOUT $/S) 

INLET 0.!l660 0.:>763 5.355 7.239 4.503 5.326 1 .189 1 .359 1 .021 1 .06 U 

, . OUTLET 0.6107 0.81,91:1 1<), ,9:; 7.593 7.339 5.250 (.448 , .446 1,577 , .09;' 

'. 



>.,' 

BOUNDARY I.AVER f'f\R,\f1[TERS FOR DIFFUSER N02. DUMP GAP 0.8 FLOW SPLIT 2.'97 

lJ B AR 11) I,IAX OF. LT,\STAj{ % THETA " SHAPE FACTOR ALpHA 

ME,\N M~AH M E A ~l MEAN r~EAN 

INLET 0.87 211 '3.1139 '0.771 1,21',1.8 1.0456 

OUHET 0.7370 30.124 14.265 2.,"7 1.3330 

S/LINNER 0.3740 15.961 12.829 1.2442 1 .0334 

SI LOUTE R 0.9(7,11 2.il59 2.451 1 • '662 1 .0092 

HEAD INNER 0, n 63 8. , 71 5.573 , .4661 1.'049 

HEAD OUTER O. 711 r, 7 10,0 76 6.838 1.4628 "1060 

flUTER OIJTER OUTF.R OIJTER oUTeR 
f\) INNER INNER INNER I NIl E R INNER .,. 
\0 

Srl.IT BOUNDARY LAYER PAQAI~nERS (ABOUT MAX VEt) 

INLET 0.8796 0.:~('75 J.765 6.8(>3 4.539 5.29? 1 .270 1 .296 1.041 - '.04'1 

OUTLET 0.6609 0.i\377 22.121 (, • 199 13.640 4.357 2.560 , .423 1 • S70 1 .08'1 

SI LI NIlER 0.9144 0.1166'1 1 .614 11.355 1.237 7.559 1 • 305· 1 • , 30 1 .042 1 .03u 

SlLOUTER 0.9534 0.')<l07 1.1,13 ~ .307 1 .255 1.0136 1 .,30 , .204 1 .010 1 .00 8 

HEAO INNER 0.7621 O. 'I<l80 8.'46 0.027, 5,548 0,022 1 .468 1,023 1 .1 00 , .00 U 

HEAD OUTER 0.9878 0. 7 ,186 0.02/, 9.433 0,024 6.445 , .025 , .464 , .000 1 • , 0' 

S PLI T BOUNDARY LAYER PARAMETERS (ABOUT S/S) 

INLET 0.3387 0.1:\;]91 5.(,5 3 (',94<> 1.,377 5.436 1 .2 9 3 1 .278 1 .042 1 .044 

, . OUTLET 0.5443 0.8782 22.008 6,254 8.203 4.699 2,683 1 • 331 1 .745 , ,060 

-, 



OOU~DARY LAYER PARAI1ETERS FOR DIFFUSER N02. pUMP GAP 1.5 FLOY SPLIT 0,664 

INLET 

uUTLET 

SI L1IH'l E R 

S/tOUTER 

H EA" I I~ N E R 

HEAD OUTER 

UBAR/UMAX 

I1EAN 

0.9461\ 

0.740 /• 

0,7139 

I NIl E R OUT[R 

OELT/\$TJ\~ 7. 

13.839 

31.970 

21.174 

5.592 

14.505 

12.:>56 

THETA 7-

MEAN 

10.771 

1t>,23(l 

15.804 

INNER 

4.862 

8.494 

7.565 

OUTeR 

SHAPE FACTOR 

1.284 8 

1 .9697 

1,3398· 

1.1501 

1 ,7077 

1.6333 

OIlTER 

SPLIT BOUNDARY LAYER PARAMETERS (ABOUT MAX VEL) 

INLET 0.8796 

OUTLET 0.7951 

S/LlN''lER 0.3068 

S/LOUTER 0.9477 

HEAD IN~ER 0.7289 

nEAD OUTER 0,9738 

INLET 0.9090 

OUTLET 0.13401 

0.13675 5.765 6.863 

Q.592 

111,756 1,577 

0. 9 47,7 1 •• 464 '1,024 

1 1 •• 432 O.01il 

0.052 

4.539 

. 6.082 

13.806 

4.()2'~ 

8.471 

0.050 

5.297 

7,861 

1 .303 

0.757 

0,018 

7.111 

1.270 

, .577 

1 .359 

1 ,108 

1 .710 

1 .055 

SPLIT noUNDARY LAYeR PARAMETERS (ABOUT S/S) 

0 • .'l?,3U 5.732 

0.5'73"" 9.436 

(,.900 

17,475 

4.717 

6.319 

5.145 

7.671 

1 .21 5 

1 ,493 

1 ,296 

2.205 

1 ,1 08 

, ,352 

1 .019 

, ,637 

1,341 

2,278 

INNER 

ALpHA 

I1EAN 

1.0456 

1,3166 

1,0621 

"0126 

1.2116 

1,1726 

OUTER 

1.041 - 1,049 

1.148 1.450 

1.063 1,026 

1,007 1.03) 

"213 1.000 

1.002 1,16( 

, .030 

1 .1 12 

1 .054 

1.511. 

N 
V1 
o 



BOUNDARY LAYER [1 A RAf'!: TE K S FOR Dlp:U:;ER N02. DlJ~lP GAP 1 .5 F LOt~ S PL IT 1,065 

UBAR'Uf1AX DELTi\STA:~ % THETA X SHAPE FACTOR ALpHA 

~1 E All fic A N MEAN ~lEAN MEAN 

.1 N LET 0.8728 13.11 39 10.771 1,2848 , .0456 

OUTLET 0,?2MI 31 • 069 16.294 , .9068 , .2929 

SnlNflER 0.9 1'}90 11.5U 9.739 , ,1836 , .0206 

S/LOUTER 0,9277 ".596 6.479 1.1724 ·1.0175 

HEAD INNER 0.71,3 '4.691 8.240 1,7829 1.2!l'2 

HEAO OUTER 0,7558 11 .067 7.140 '.5500 1.1407 

IfWER OUTER IrHl E R OUTeR INNF.R OUTER p.1!~ E R OUTER INI4eR OUTER 
. ..., 
V1 ..., 

SPLI T ilOUN [lA R Y LAYER PI\ R A'1 E T e R S (ABOUT MAX VEL> 

INLET 0.8796 OJ,t,75 5.765 6,863 4.539 5.297 , .270 , .296 " 041 , .04'1 

OUTLET 0,7389 0,720'1 13.1'1 13.910 7.1 , 3 7, '1' 1 .843 , ,956 " 263 , • 31 ., 

S/LHHJER 0.9001 0."',22 9.981 1 .ooa 8.460 0.834 1 .'80 1 .141 1 .019 , .021 

SI.LOUTER 0.9276 0. 9 283 6.11l5 ~ .2en 5.423 0,959 1.141 , .336 1. 012 1 .040 

HEAD INNER 0.6973 0. 9 91 4 14.671 0.0'7 11.27.0 0.0'7 1.785 , .0'8 1 • 251 1.00U 

HEAD OUTER 0.9871\ 0. 7 /,50 n.()24 10.420 0.02/, 6.715 1 .025 , .552 1 .000 1 • , 38 

SPLI T BOUNDARY LAYER PAR.AMETERS (ABOUT 5/5) 

INLET 0,B930 0. 111,94 5.272 7.311 4.544 5.290 1 .160 , .382 , .021 , .068 

, . OUTLET 0.7573 0.7036 17..98/ 14,016 7.1 1 6 7.107 , .825 1 .972 1.21,7 , .332 

, 



BOUNDARY I.AVER P "RA/IO EllS FnR DIFFUSER N02. DUf1P GAP 1 .5 F LO~J SPI.IT 1 .751 

UBAR/IJI-lAX f>ELTA~TAR % THETA % SHAPE FACTOR ALpHA 

M E,iIJ r1~AIl MEAN MEAN ~1 E A N 

INLET 0.3'7.1l 13. (\39 10.771 1.2848 1.0456 

OUTLET O,7~O6 32.00(1 16.033 , .9963 1.3254 

S/LlNNER 0.8"1\9 12.1\02 10.431 1.2274 1 • 0,97 

S/LOUTER O.9~A5 4.3 60 3.653 1 .' 9 38 '.0151 

HEAD INNER 0.7'i.29 12.07'J 7.218 1.6735 L 1 \/82 

HEAD OUTER O.7V,7 13. 638 8.279 , ,6475 1.1 845 

INNER OUTER INNF.R OUTER INNER OUTER IN~H:R OUlF. R INNER OUTeR 
N 
U1 
N 

SPLIT BOUNDARY LAYeR PARAMETERS (ABOUT MAX VEL) 

INLET 0.8796 O.~675 5.765 6,863 . 4,539 5.297 1 .270 1.296 1 ,041 1.049 

uUHET 0.6937 O,7'/.1l4 17,1141 10,974 7,946 6.265 2,245 1 .752 1 .433 1.226 

SI Lt IH~ER 0.9529 i) • ;l'" 3 1 0.584 7.967 0.527 6.458 1 ,108 1 • , 75 1 .008 1 .031 

S/.LOUTER 0,96111 0. 9 530 2.526 1 .665 ? • 1 5 0 1 • 363 1 • , 7 5 , • 2 21 1 ,013 , • 0 1 '" 

HEAD I N'~ E R 0,7074 0.')<)6~ 12.07f) O.OOil 7.209 0.007 , .674 , .008 1. 1 93 , .000 

HEAD OUTER 0.9893 0.737'.5 0.021 12.719 0.021 7.714 , .022 , .649 1 .000 , .184 

S PLI T BOUNDARY LAY r: R PMAMETERS ( MOUT sI S) 

INLET 0,8495 0.1:1-173 (,.134 6,5'" 4,503 5,332 1.3 6 2 1.223 1 .061 , .034 

~ , . IlUTLET 0.6272 0.7.186 17.9 /.6 10.875 7.866 6,329 ,.28 1 , .718 1 .500 1 .19 d 

" 



BOUNDARY l.AYeR "ARM'ETE~S FI'lR DIFFUSeR NO?,. DUMP GAP 1 • 5 FLOW S PLI T 2.283 

USAR/UMAX OELTA~TAH ;.: THETA r. SHAPE FACTOR HpHA 

MEAN I"EAN MEAN r1E A N MEAN 

INLET O,3'?'1I 13,1139 10.771 1. 2848 1,0456 

OUTLET 0,7<!1 9 31.862 15,69 1 2.030~ 1.3333 

SIUNNER 0.3 /+18 1",782 1/.,822 1.3346 1,0584 

SI tOUTER 0,9472 5,54'; 4.667 1,18'10 1,0172 

HEAD INNER 0,7517 10,232 6.760 1.5136 1. 1200 

HEAD OUTER 0,7633 12. Cl 42 8,076 1,6024 1,1627 

IN tJ E R OUTER I N tJ" R OUTER INNER OUTER INNER OUTER INNER OUTER 
N 
V1 
w 

SPI.IT nOUNDARY LAYER PARAMETERS (ABOUT MAX VE L) 

I N LE T 0.3796 0,367:; 5.765 6. B63 4,539 5,297 , .270 1 .296 1 ,041 1.04'1 

oUTLET 0,6691 0. 7310 20,039 9,153 8.466 5.596 2,367 1 .636 , .503 , • , 7 j 

S/LlN!IIER 0.9200 0,:\371 0.821 12,364 0.665 9,231 1 .235 "174 1 ,030 1 , 0 5'1 

SI tOUTER 0.9457 0. 9 477 1,1.3'! 3.737 1,27.0 3.129 1 , , 74 1 ,194 1 ,016 1 .01 I 

HEAD INNER 0.7384 0,"71.4 10,172 0,051 6,703 0.048 1.517 1 .054 1 .115 , .00l 

HEAD OUTER 0.9942 0,7514 11.025 12. 037 0.023 7,50 /• 1 .021 , .604 1 ,000 1.165 

SPUT BOUNDARY LAYER P"RAI~ETERS (ABOUT S/S) 

INLET 0,8466 0. 11 ;)40 5.330 7.254 4.377 5,433 1 .218 1 ,335 1 ,023 1 ,054 

OUTLET O,~537 0.1\:}21 20.136 9.029 8.039 5,? 34 '!.505 1 .522 1 .640 '.125 

-. 



BOU~DARY LAYER rAn At·' ~ T E ~;, FORDl;:FU S2R rJO 3. DUr1P GAP 0.4 F LUW SP LI T 0.694 

t!BAR tlH1AX uEL1J\5Tr'\R .. THETA % SHAPE FACTOR ALPHA I. 

rH: ti " n;:AN MEAN MEAN I1EAN 

_INLET O.8!2a 15.1>3'1 10.771 1 .2848 1.04~6 

OUTLET O.7~5g ;::1:>.:>9(1 14.087 2.0300 1 .3040 

SI LI IHJ ER 0.3 1,4:' 1'1.69<: 15.031 ~.O300 1.0:>50 

SI LOUTER o • 9 1,1 3 ".166 5.445 1.1325 1.0107 

H E" D II,;,ER O.36~'6 4.465 3.496 1.2765 1.0456 

HEAD OUTER 0.5.135 Z'I.13u 10.346 2.8155 1.901l7 

N 
INIHR OUT~R ! N ~~ [R OUTER INNER OUTER INNER OUTER INNER OUTER V1 

"'" 
$DLI T jOUIIDARY LAYER PARAr1ETERS (ABOUT MAX VEL) 

INLET o • g 796 0.M1:" 5.76 :> ('.36':; 4.539 5.29 ( 1.270 1 .296 1 .041 1 .049 

UUHE! 0.9!-o9 u. (,7U. 1 .3 4 2 <:1).313 1 .216 9.595 1 .104 ~.118 1 .007 1.4UIl 

S/LINNER 0.[\(.41 0."2U'l 17.51r i .3/9 13.-263 1.153 1 • 3 ~ 5 1.132 1 .055 1.025 

S I.LOUTER 0.9414 U.\14UO 5.2:>'1 0.325 4.641 0.723 1.152 1 .138 1 .010 1 .012 

H Efl D I N rl c R 0.8623 0.'I71'} 4 .3'}'1 O.O~6 3.436 0.053 1.2!!O 1 .059 1 .044 1 .0Ul 

HEAD OUTER 0.%49 0.>03\1 (1.141 26.8'Jii U .127 9.45U 1 .110 2.837 1 .007 1.95:> 

S ~LI T BOUNDARY LAYER P:\RAMETERS (ABOUT S/S) 

I N LE T 0.9[175 O.H2(,Y 5.7<!b 6.904 4.682 5 .17~ 1.223 1 .334 1.031 1.0:>5 

, - OUTLET 0.9('4(, 0.~7~6 1 .91 y 1°.81\0 1 .319 9. 1 4~ 1.055 2.175 1 .003 1.4U 

'. 



OOU~~;)Ar.Y LAYER r 1\ R 1\ r1 r: T E ~ ;; Hlr~ DIFFU~ER ~JO 3. DUI'JP GAP 0.4 F LO\J S PLl T 0.'164 

U ~AfllIHlI\X D.E: L 1 j\ S T Ji r. " THETA % SHAPE FACTOR ALPHA " 

t·; r:: A rJ r'l L: r'\ N MEAN ~1 E A N r~EAN 

. INLET Q.(J/2t~ 15.a:;<J 10.771 1 .2848 1.04~6 

OUTLET O.~U71+ ~1..:'5~ 14.344 1.sn4. 1.14U3 

SI LT N'J E R 0.0')')<\ 1(."15) 13.719 1.5724 1. U4118 

':.1 LOUTER "J.Y5 t+6 6.117U 6.056 1.1343 1.U114 

HEAD I rH. E P o. /91 5 ( • (-, 1 ( 5.030 1 .5145 1.1268 

HEAD OUTER 0.U13~ (.661 5.343 1.4336 1 • uYb Z 

N 

PJl~E R nlPCll ItJrJ[R OtJT[R INNER OUTER INNER OUTER I N f~ E R OUTER \Jl 
\Jl 

S~l!T BoUr-l:>ARY LAY~R PAR Ar-1ETE RS (ABOUT MAX VE L) 

INLET 1).87'76 ·o.a6!~ ).76':> 6.863 4.539 S.Z9f 1.UO 1 .29 (, 1 .041 1 .0 4<J 

UUTLET O.iltlj8 () • (()(J 5.'84 1 ~ .946 4.104 7.632 1 . 263 1 .696 1 .040 1 • ZU U 

S/LlNrJER O.<J339 O.'I:J~'" 15.6~5 1 .311 11.958 1 .1 48 1 .309 1. 11 5 1 .050 1 • U '" 1 

S/LOUTER 0.9379 0.9116 ':>.7 1)( '1 .. 0 ~:, 5.117 0.852 1 .11 5 1. Z3R 1 .008 1.05e: 

HEAD I IHJ ER 0.7792 (). °7~.s 7.561 0.049 4.9"16 0.047 1 .519 1.052. 1 .1 29 1. uue: 

HEhD OUTER 1).9~()4 0.("'~~ t).e7~ ":" .. u? . ~ I . <- 0.074 4.998 1 .0;8 1 .439 1 .002 1.()'/e 

Sj'\LIT [lOU;JDI\RY LAYER PARM~ETERS (ABOUT S/S) 

I N LET 0~H()?6 O.:~!tlSU 5.54c :".065 4.554 5.20.5 1 .217 , .337 1 .031 1.0;1l 

, . OUTLET O.0~)76 IJ. (:;;>.4 5.t..~( 1~.7(!9 4.Z!)7 7.551l 1 .297 , .684 1 .044 1 • ~ 0 U 

, 



BOU~DARY LAV:R pnRAM~TE~S FOR DIFFUSER N03. DUMP GAP 0.4 FLOW SPLIT 1.389 

JELTl\~TA~: % 

.INLET 15.113Y 

OUTLET 

SIll N r~ E R 1U.36~ 

S/LOUTER O.9.5'J.) (.326 
• 

( . 47t 

HEA:> OUiER 0.r·J~5 

OIJT::R 

THETA % 

~lEArI 

10.771 

14.\121 

/$.2119 

6.198 

5.054 

6.035 

INNER OUTER 

SHAPE FACTOR 

14 E A N 

1 .2848 

1.5212 

1.5212 

1.181Y 

1 .4796 

1 .4639 

INNER OUTER 

3~LIT snUnDARY LAYER PAPAMETERS (ABOUT MAX VEL) 

IlnET ,).37"6 

OUTLET 0.71,7 

S/:"OUTcR 0.9.341 

HEAD I~IJEA 0.71126 

HEAO OUTEP O.97?~ 

I fJ LeT Ij • G 1 ~ 6 

vUTlET 0.7580 

O./167J 5.76~ 6.1363 4.539 5.297 1 • ,70 

i,).1YH ;".0111) 1:l.273 1 • 595 

3.9U~ 3.350 1 .166 

5.L9V i .666 4.771 1 • 29 ~ 

?44'J 0.02:1 5.022 0.028 1 .482 

().041 D.3~t) 0.039 5.675 1 .043 

S~L!T COUNDARY LAY~R PARAMETERS (ABOUT S/5) 

I).W·O( 5.(,(6 6.94 /10 4.539 5.297 1 . 2 ~ 1 

1 ,') . 31 t. ".250 4.975 1 .614 

1 .296 

1 .4 r!. 9 

1 .151 

1 .2/:16 

1.0<!9 

1 .467 

1 • 311 

1 .404 

ALPHA 

MEAN 

1 • 04~6 

1.0506 

1.U1Y1 

1.114~ 

1.1U(, 

INNER OUTEK 

1 • U 41 1 .0 4Y 

1 .160 1.0Y1 

1. 01 5 1.04!> 

1 .01 4 1.USY 

1 .114 1.()01 

1 • U 0 1 1 .1 V ( 

1 .037 1 • 0 ~ r!. 

, .166 1.01l5 



uour~ DAny LAyr;~ ? :1 R J\ (·1:: T E r ~ FflR DI FFU~CR 1;03. DUI·IP GAP 0.4 F LU\~ S P LI T 2.U49 

U3AR/!If1"X " E l. T.~ s Tt, R " THETA % SIlAPE FACTOR ALPHA /. 

r'1 [; :'\ ~'l 1-' F. A N I1EAN r~EAN 11 EA tJ 

-nnET O.:.L'2tl 1.5.113'1 10,771 1.2848 1.04!>6 

OUTLET 1).7(51 <:6.336 13.789 1.9100 1.2!>U!> 

S/LIWIER J • <) () 59 '1 .~i($ 9.2R3 1.910U 1.031:l8-

SI LOUTE Il O.Y")~'~ 4.25<: 3.455 1.2307 1 • 0117 

HEAD I!~~IER 0. 71
.' ?. 4 (.~3.5 5.<:31 1.4496 1.1()U3 

HEAl) OUiER 0.8520 (.?51l ~ • 1 71 1.4038 1 .OIl44_ 

N 
lIm[~ IJU7[R I r'Hl F R OliHR iNNER OUTER IN IJ ER OUTER INNE~ UUTER \J1 

-..J 

S~L!T :}OUiQARY LAYER P _~ p Ml E T E R S (ABOUT r1AX VE L) 

INLET C.Blr)6 () .. (~6/!.> ~.7()'> Cl. 36:S 4.53'1 5.297 1.270 1 .296 1 .041 1 • U 4'1 

OUTLET 0.6'111 ()."~()l a.3U( ~.OO:, 10.503 2.44'1 <:.1<:4 1 .226 1 .398 1. OSU 

SI LJ N!~ E R ,., • ~)(.<" <> O.O{)Y5 ~.36<J 6.[;85 0.702 5.59!> 1. 937 1.224 1 .1 52 1.0.5U 

S/LOUTER 0.9637 o • " :, 11 2.5':>5 1 .545 2.086 1.24<: 1.224 1 •• 242 1 .01 5 1. O~~ 

HEAD INNER ~. 71);)1 0."7/5 7.:; 31 a.o t ,:-, ~.1R2 U.04.5 1.4!>3 1 .047 1 .09'1 1 .0 U ~ 

HEAD OllTER 0.9679 O.~$~h1 () • 1 iY 6.745 U • 11 7 4.71l1 1 .0'18 1. 411 1 .006 1.UIlI 

S:'LIT noUN [)M, y LAY"R PAR AI-lETE RS (ABOUT S/S) 

ItJ L.E T O.o~43 {).:~ .. ';;:!u S.31fJ 7.221 4.439 5.380 1 • ,10 1 .342 1 • U 23 1.0':>6 

. - UUTLET O_5t1~3 (J. t,126() 1.~.564 :-; ~ S 76 9.971 2.!l44 ~.163 1 • Z 5 7 1 .426 1. 05U 

" 





, .. 

" 

uOUNDARY LAY~R nARAM~TE~~ FOR DI~FUS~R N~3. ~Urlp GAP D.7 FLUW SPLIT 1.017 

.. I In er 

UUTLET 

SIll Nr,ER 

SI LOUTER 

H EA D I rH! E R 

HEAJ OUTER 

O.9~34 

O. lr·(,O 

:J[Llt\ST/\R % 

f'lEAN 

15.<:13'1 

14.764 

1U.~01 

11.~07 

I~JilER OUHR 

THETA % 

MEAN 

10.771 

16.990 

11.677 

I N tJ E R 

5.243 

6.522 

7.198 

OUTER 

SHAPE FACTOR 

~lEAN 

1.2848 

~. 092 5 

~.D925 

1.1345 

1.5643 

1 .5569 

INI<ER OUTER 

5~lIT 3nUIJ~ARY LAYER PARAMETERS (ABOUT MAX VEL) 

INLET O.l3r'J6 5.76~ 4.539 5.29 ( 1.210 1 .296 

UUTLET ().7::''}7 j1.5~H 6.708 7.664 1. n3 2.333 

S/LIN~~ER 0.07::13 O.l}12t,' i 1 .9 SY 9.641l 1 .325 1.2.58 1 • 134 

S/LOUTER t:.9440 5.051 4.437 0.730::: 1.1.54 1 .1 38 

HEAn INNER 0.7)47 C.0711 6.445 0.06:> 1.570 1 .075 

HEAO OUTER O,9652 0.(54'1 O.07U 0.065 6. 71 :> 1 .075 1 .561 

S~LIT ~OUNDARY LAY~R PARAMETE~S (AB()UT 5/5) 

INLET n .. <W?S 7.177. ' •. 548 :;.2U 1 .193 1 .. 356 

OUTl~T C',71ll,Z 11.1U~ 1~ .. 2:>/-t 6.720 7.646 1 .653 2.387 

ALPHA 

1.04:>6 

1.03YO 

1.01" 

1.141)1 

1.1449 

INNER 

, .041 

1 .214 

1 . 031 

1 • 011 

1 .1 49 

1 .004 

1 .027 

1 .183 

OUTEI{ 

1 • U49 

1. 0 ~4 

1.01':: 

1 .0 U4 

1 .1 40 

1 • 06~ 

1 .565 

IV 
V1 
\0 



I;OUrJDARY L"YEfl ~M:,Hl::TCP~ FI'lR DIFFU:;;:R fJl13. DUf·1P GAP 0.7 FLU~! SPLIT 1.611 

THETA r. SHAPE FACTOR 

1'1 E .'\ ~,! !'IEAN 

.I1JLET 10.771 1.2848 

UUTLET O.6'l:~O 5:>.36.1 2.0560 

SI L I f~ ~4 E R 

SI LOUTER 

HEAD IN:1ER 

HE,~:l OUTER 

IinET O.87r() 

OUTLET 0.6(,(l7 

SI LOUIER '}. 9;~ 2 

HEAD OUTER O.9S~4 

1NL E T f) • U 6,j t. 

OUTLOT 0,60"9 

1).59! 

:>.371l 

11 • L9 5 

4.1:123 

4.:>08 

6.968 

7.209 

2.0560 

1.1930 

1.6207 

1 .5951 

OUiEK INNER OUTE R OUTER 

S~L:T 30UUDARY LAYER PARAMETERS (ABOUT MAX VEL) 

0.1167:> ~.76';) 6.363 4.539 5.297 1.ao 1 .296 

0,/:;73 1~.14? 1l.796 6.265 t!. • 3'::1 1 .779 

0."',1.0 1).1$64 :.7.5d 0.749 2.6':>/ 1 .1 ,4 1 .1 88 

3.9';) il 'i.230 3.332 1 .066 1 .11:18 1 .208 

6.913 0.046 1 , 6 ~ 5 1 .051 

1 n. 71 S 1).OS6 6.699 1 .048 1 .599 

~~tIT 30UNDARY LAY2R PARAMETERS (ABOUT S/5) 

':>,66t!. 4.526 5.301:1 1 .2':> 1 1 .311 

1 i . 309 8.7>1 6.31U ".314 1.792 

ALPHA 

MEAN 

1.04;6 

1,3669 

1.05U5 

1.0113 

1.1759 

1.16UO 

INNER OUTER 

1 .041 1 .049 

1 .502 1.,,42 

1 .010 ·1.056 

1 ,016 1 .0 t!. t!. 

1 ,1 73 1 .OU2 

1 .001 1 .165 

1 .036 1.1);1 

1 .535 1 .25 t!. 

I\) 

0"\ 
o 



B 0 U IJ D A r, Y lAVeR fI td\ ,; (1 :: T"E ;: ;; FI)R DIi'FUS:R ~1i)3 • DUi·JP GAP 0.7 FLOW S PLI T 2.298 

IJ"l/\R I tH4AX DELli\ST/\2 
., 

THETA % SHAPE FACTOR ALPHA ,. 

~,H: '\ ~J 11;: hlJ ME Atl ;., E AN MEAN 

INLeT 0.8/2U 15.113'" 10.771 1.284tl 1.04!>6 

OUTLEi 0.('(-69 5?no!> 15.213 2.5638 1.5410 

S/LlNnER ') • 8 1.1 (, 16.00( 11.1l68 2.5638 1.0~>.S0 

S/LOUTER 0.96~'9 5.90U 3.36(, 1.15H7 1.0113 

HEAD I N~·IER ~./'I4S (.<J8( 5.:>1.5 1.4404 1.011(1 

HEA~ CUTE P- o. 7'1:~4 11 .39 i 7.036 1 .6189 1.164!l 

N 
I rHI"" ()U~~R I ~'i~ 1: R nUrr.R INN"~ OUTER INNER OUTER INNER OUTER (J) 

,..... 

S~Ll T ~()UI'''AIlY Lt,HR P t.R M1E Tt R S (f\BOUT Mf.X VEL) 

INLET Q.1.>7"6 o. (O;(,('.J 5.76!> G.363 4.539 5.2117 1. ao 1 .296 1 .041 1.04\' 

UUTLET 0. 5tjG4 o.ons ':1l.22~ rl.05" b.234 5.202 5.428 1 .544 1 .968 1 .1 40 

S/llijiJ~R Q. '14;;4 t) .1\(,~!> 0.6:''1 10.021 ll.S40 7.3116 1 .1 83 1. 215 1 .01 7 1.0~!> 

S/LOUiEH 0.9574 0.'/714 1.64'1 2.04.S 1 .358 1. ilU 1 •. 215 1 .121 1 .0 Z 3 1 .00 ( 

HEAD I :~~~ER ~. 7U:'6 (,I .. (I () 6 ( 7.910 0.066 5.473 0.062 1 .445 1 .071 1 .097 1 .0 U4 

HE I~ ~ OUTER 0.'111:"2 0 .. /(134 o.()(( 1f) .. 56~ U.074 6.505 1 .058 1 .625 1 .001 1.1 U 

S~LIT GOUNDARY LAvF.R PA R Ar1E TE R S (ABOUT S/S) 

1;/ LET o ~ vi! ,':'0 O.·\~f'"\5Y 5.f3l)Y 6.12{) 4.339 5.47U 1 .360 1 .228 1 .059 1 .0.5 ~ 

, . OUTLET 0. 46,~9 O.'\~20::> U.;~1.i1 ;}. '1'12 7.874 5.465 5.465 1 .609 2.253 1 .144 



BourJDARY LAYER p/'Rrd'I:TEr.:~ F():\ D!rr-US~R ~JI):S .. DIJrlP GAP 1 • Z F LU:J SP LI T 0.691 

V3AR/llll"X ;)ELTASTAa % THETA % SHAPE FACTOR ALPHA 

t·,:: ,,\ iJ [., r A I, MEAN 14EAN 1'1 E A N 

·INLET O.:.lOI.l 1.5.039 10.771 1.2848 1.04)6 

UUTLET Q.6~36 ',0.55) 1tJ,779 C.4171 1 .531' 3 

S,. L I rH-I E R O.?~14'-' Zo.()Y,) 16.8R2 Z.41i'1 1 .15 8c 

::;1 LOlJiEfI r).<)41'J ~. 47<! 4.740 1.1544 1.0151 

HEAu IrWcR 0.8175 IS. 396 ,.972 1.4059 1.0(146 

H EI'.) UUTER 0.6(1:-\{, , I . 4~9 9.729 1.791f, 1. 2''17 

'" rrJl~ER OUii:R Ii'I,r-R n'JTE R lNNER OUTER INNER OUTER ! NI, E R OUTER Q") 

'" 
S~LIT ClIJUI1DARY LfIYEH P /1 R A 11 F. T E R S (AeUUT i~ A X VEL) 

INLn 0.1\"(96 I.I .. H()/~ 5.76) ().065 4.539 5. '1.9 ( 1 .270 1 .296 1 .041 1 .04'1 

OIJTLET O.7U76 1J.~/7('.( " • 0 (') 2- . ""(\ 
_~'. 40 ... ;.0 5.6/2 8.'l.7!l 1 .601 2.834 1 • 1 59 1 .055 

S/LINrlER 1}.7f.>jC) O.g7~) ~2 .. ():'Y :.631.. 14.33Cl 1 .664 1 .559 1 .118 , .1 37 1.105 

S/LOUitR (~.9~)Z4 0 .. t)2t.:O 4.276 ~ . O~:; 3.324 0.li31 1 .. 1 1 8 1 .306 1 .008 1 .041 

HEt; r') J rHI ER O.UO("J2 1).1,)?1}1 3 .. 3~:' 0.06U 5.906 0.056 1 .410 1.063· i .085 1 .005 

HEI\D OUTER 0.9(.9') O.(·(,(·Y (l.1c1 1u.~Z,\~ O.101:l 8.96) 1 .117 1 .799 1 .007 1. 2::» 

S?Ll T nnUr-Ji)J\RY L;',Y:R PA RAr-iE TE RS (ABOUT S/5) 

INLET o . 9 !.'? IJ o • ;~").'S '1 f). U[t~) (,.614 ".68% 5.17f 1.292 1.278 1 .042 1.U5ts 

, , OUTLET 0.u220 O.!>~6J " .73~ 22. 94:~ ~.B86 ts.126 1 • 6 ~ 4 2.823 1 .1 55 1./I/l5 

o. 



DO U t~ D A r. y LAVEr, r' ~ R i\ f1 [ T Er.') F (1 r. Dli'FUS;:R "')3. D UI·l P GAP 1 .2 FLUU S PLl T 0.955 

U:Ar Iflr'1i\ \~ ~ ( L -, ,.;~) T :'\ ~\ ., 
THETf\ % SHAPE FACTOR ALPHA " 

f·1 (: ,i~: l1:c MJ MEAN MEAN 1·1EAN 

I N LET c.u/za 15.03C; 10.771 1.21348 1.04)6 

(JUTLET 1).6(,.51 SV .1....4~ 17.611 Z.2400 1. 46 (0 

SIll IHJ E R :).0~~1·)~ ~j.6[JV 15.956 Z.2400 1.061l8 

S/LOUiER '1.9412 6.134 '.523 1.1197 1 .0 ur,. 1 

HEA':> I l~ r~ E R 8./50 2 1 t:!. 631 7.63~ 1.6543 1 .1/386 

HEtii1 (JUiEP 0.7:1:50 '.1.60/3 6.508 1.4765 1.11'::1 

N 

; rHJ r; 1 oU"1'"::r I~n!r:R OUTER ItnJER OUiER INNER OUTER INNER UUTER m 
LV 

S ~ Ll T ;1 0 tJ r'I" A R Y LAY;:R rr,RM1ETERS (ABOUT MAl< VEL) 

I iJ LET 0.137 0 (, 0 •• 1(,/) .S. 76 ~ 6.36:'} 4.539 5. CY / 1 .. 210 1 .296 1 .041 1 .049 

IlUlL ET C.73('g O.()i()5 1;~.7u(' ''-.9.5': 7. 011 7.900 1 .81 Z 2.523 1 . 253 1.64C> 

S/LIHI'lER O.81~7 f). :~~KY ig.71(~ ~ .93/ 13.326 1 .38'/ 1 .3) 4 1 .116 1 .064 1 .066 

S/LOUiER C.9/,D1 () • lJ 47 ~ ~;.3(SO C.75U 4.1120 o • C> 3'/ 1 .116 1 .1 43 1 .009 1 .01 .:: 

HEAD IIWER 0.7"~1 o . l.' (,,\~~.' i;~.!.iJr!, 0.1 Z:S 7.50 4 0.1U9 1 .664 1.1i.9 1 .187 1.0UIl 

H Ef' [1 OUTER 0.97")6 0.((,'/4 0.0(1(, r~.93r) () • 079 6.06( 1 .088 1.4!l1 1 .004 1.11 0 

S~LIT JOUrn>ARY LAY [R r ,\ RAI·1ET E R S (ABOUT S/5) 

I:; LET r: r'o('\(l 
,,' • u (, .' '" () .:'.S6Y (,.06Y 6.5~a 4.554 5.281 1 .353 1 .246 1 .052 1 .056 

, . OUT~ET ').74<)9 O.~<)36 i,).(){S~ 1".6,,:) 7.019 7.'101 1.1364 2.4tl4 1 .263 1 .645 

"-



Dour~ DA n 'r Li'\'tER rf\R;\r~~T~~~ F0" DI rFU:;[k ~J03 • DI.JI.1P GAP , .2 FLUW SP Ll T 1 .703 

!I :1 A RI' Jr-~ it .~ !)r:LT;\S7.;f~ " THETA % SHAPE FACTOR ALPHA I, 

nE,", 'l nr:J.\rJ I1EAN l'lEAN l'IEAN 

Hi LET O.u/,;~g 1.5.B3Y 10.771 1 .215411 1.04~6 

UUTLET 0.6/''1'> 5(i.460 17.3 /,3 ~.2176 1.4~c~ 

SI L I N r~ E R o. 91 ... 4~ r.V3Z D.063 2.2176 1. 0143 

SI LOUTED C • t) ') :~ 2 4.391 3.1114 1.1513 1.0114 

HE,''!:) I W~E R o. fJ3G iO.17~ 6.77.8 1 .51 Z9 1 • i ~ U9 

HEr, D OUiER O. ? 5~ 7 1~.O1l 8.749 1.7163 1. 21 n 

N 
~rH~r:R f)U"'f:R ! ~:;H: R ()!)H R INNER OUTER lNNER OIJTER INtjER OUTER Q) ., 

" "' ..... 
.;J' .. .I. I :1 fl U i·H) " r. y L,\ Y E R PiIRM~ETERS (ABOUT r4AX VEL) 

I ~J LET O.Ul()6 IJ.:~(''(:'' 5.76:> 6.865 4.539 5.29 ( 1. aO 1 .296 1 .041 1 .049 

OUTLET 0.6446 o ,f." (11 ':<).544 1~.3:>% 11. 5;~ 3 6.)75 <::.410 2.031 1 . 556 1 ·361 

S I LT N ~J E R (1.9362 (J.o4~4 t) • 7Y V [ •• 071) 0.636 3.::>3'1 1 .242 1 .140 1 .027 1 .015 

S/LOUTER 0.9615 U."1,5'1 3.2g( 'i • OU~~ ~.833 O.1l44 ·1.140 1 .11l6 1 .01 0 1. Vl 11 

HEM) I i~ ;.; [; R r..7400 o . ()..." c...: 1(~.111 r;.O~l 6.664 0.0::>4 1 . 517 1 .061 1 • 11 6 1 • () U S 

HE fl D OUicR 0.'Jl12 U.!::t.~ () • 0 ~ <) 1:;.93'1 0.054 0.1U;( 1 . U 6 1 1.7;(0 1 .0 a 3 1. Z1 Y 

::;~LrT ;]OllIJ;)Af:Y Lr, Y E R P ,\ f: A!·' E lE R S (ABOUT S/':5) 

J N lET 0.o()(,B O.g"'6c.? ~ • 415 i "'9 ".) ~ 
I • I .... ,) 4.51 '" 5 • 31 ~ 1 . Z 1 4 1 .340 1 .0 Z 7 1 .O!:> ( 

<. UUTLET O.5U;23 O.(:l~JU ~1).91r 1:;.03~S. 1$.438 6.644 <::.419 1 .962 1 .634 1 .3 VII 



, , 

" 

llOU:WAr;y U,'!;:f\ PARM';:TE:';, r()'t DIFFUSER Hl13. DlI~IP GAP 1.2 FLUW SPLIT 2.288 

IrHET 15.K3 C
) 

OUTLET 

S I LT rH! [R 1(.50',' 

S/LOUTER :'.59/ 

HEAD IIHlER O.lU7i 

HEM OUTeR 

S?L!; 10UNjARY L,\ 'lE R 

INLET 0_~)7r;6 f) • ~: (,( :, 5.76 :, (,.363 

OUTLET O.6t'r;~~ O./J~~J 1.4.I~UI.,I 10.73/ 

S' LI N!, r. p 0.91:;7 O.:i;'61 O.1l5~ ~r,.92:) 

Sl!..OUTc~ 0.9')65 O. II 5; c.. 1 .69Y ~.53() 

HEIID IiJrJER 0.7;"61 l). 1,1 (,1.5 '~.1<l~ 0.07/ 

HE;''' OUTER C.9113b O./~i0 (!. ()4~ 1 i~ . :> L t! 

Sf'"\LIT 30 U!Ji)AP.'I L','{ER 

INLET (,.CS,)5 

OUTlET 0.41l:;7 ,: I • • 4 ( ( 1().631 

THET A % 

I~ E All 

10.771 

16.tlO4 

17..826 

4.712 

5.769 

8.959 

INNER OUTER 

PARMIETEflS (ABOUT 

L.539 5.297 

8.840 5.936 

0.611\ 7.961 

1 .264 3.129 

~.6i:l6 0.071 

0.043 8.266 

r,~ R MI E lE R S <ABUUT 

4.33\1 5.46'1 

1'.372 

SHAPE FACTOR 

MEAN 

1.2848 

2.3099 

2.3099 

1.1878 

1.4344 

1.7535 

INNER OUTER 

MAX VE l) 

1.270 1 .296 

t..761 1 .809 

1 • 3 ~ 1 1 .34L 

1 ,344 1 • 1 31 

1 .440 1.004, 

1 .045 1.757 

S/5) 

1 .308 1 .267 

~.9I.4 1 .689 

ALPHA 

~1 E A N 

1.04:>6 

1.41!>c.7 

1.061~ 

1.0110 

1.0'l~5 

1.25tl 

INNE,\ UUTER 

1 .041 1 .04'1 

1 .736 1.2:>4 

1 .047 1 .061 

1 .050 1 .01 0 

1 .091 1.0U!> 

1 .0 Q 1 1. ~ 56 

1 .045 1 • 04~ 

1.929 1.11l1!> 

I\J 
(J) 

V1 




