i1 M Loughborough
 University

This item was submitted to Loughborough's Research Repository by the author.
ltems in Figshare are protected by copyright, with all rights reserved, unless otherwise indicated.

The performance and flow characteristics of a gas turbine combustor dump
diffuser

PLEASE CITE THE PUBLISHED VERSION

PUBLISHER

© Kevin Andrew Goom

LICENCE

CC BY-NC-ND 4.0

REPOSITORY RECORD

Goom, Kevin A.. 2013. “The Performance and Flow Characteristics of a Gas Turbine Combustor Dump
Diffuser”. figshare. https://hdl.handle.net/2134/12691.


https://lboro.figshare.com/

B Loughborough
University

This item was submitted to Loughborough University as a Masters thesis by
the author and is made available in the Institutional Repository
(https://dspace.lboro.ac.uk/) under the following Creative Commons Licence
conditions.

@creative
ommon

COMMONS D EE D

Attribution-NonCommercial-NoDerivs 2.5
You are free:
& to copy, distribute, display, and perform the wark

Under the following conditions:

Attribution. ¥ou rmust attribute the wark in the manner specified by
the author or licensor,

MWoncommercial. vYou may not use this work for commercial purposes,

Mo Derivative Works, vou may not alter, transform, or build upon
this work,

& For any reuse or distribution, vou must make clear to others the license terms of
this work,

® Any of these conditions can be waived if you get permission from the copyright
holder,

Your fair use and other rights are in no way affected by the above.

This is a hurman-readable summary of the Legal Code (the full license).

Disclaimer BN

For the full text of this licence, please go to:
http://creativecommons.org/licenses/by-nc-nd/2.5/




LOUGHBOROUGH

UNIVERSITY OF TECHNOLOGY B
LiIBRARY
AUTHOR |
Goom . IA
corrno. 067234 foo.
YOL NO. CLASS MARK
‘ doke dus "l Lonn cofy

. ’ g ":n "
Ulsiboo ¢

18 NAT 1998 F

23 0CT 2000

1006 7233702 "

MM .







L34



THE PERFORMANCE AND FLOW CHARACTERISTICS OF

A GAS TURBINE COMBUSTOR DUMP DIFFUSER

by

KEVIN ANDREW GOOM

A MASTER'S THESIS
Submitted for the award of Master of Science

of the Loughborough University of Technology

December 1974

Supervisor: Dr. S.J. Stevens,

Department of Transport Technology.

C by Kevin Andrew Goom, 1974,



e

Loughtorcuch  University *
of Techrrzry lilgry

e s - ke BT  mre——

..._E:fi‘;".._._“,.!’::_.ls.__.____..‘

el

o6 for



(i)

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
conéisted 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 were conducted with fully developed entry
flow for a range of pre~diffusers of 12° included angle, the
design value of the ratio of mass flows in the inner and
outer aﬂnuli 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 loccation of the bluff
body, were investigated at each of the conditions cited above.
The pefformance in terms of total pressure loss and static
pressure recovery was evaluated for the system as a whole,
andlfor 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 flow division close to the design value, it was found

that considerable improvement of pre-diffuser pressure
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- recovery and outlet flow unifbrmity 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
déwnstream. For eéch flow spiit and bluff body ipcation,
an optimum pre-diffuser area ratio existed.

in view of the increase of turbulence assoéiated 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 eariier work,
- emphasize the need to.métch tﬁe System‘geometry and desigp

flow division.,
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SECTION 1 INTRCDUCTICN

1.1 THE CHARACTERISTICS OF A DIFFUSER

A diffuser is basically a duct, thé cross~sectional
area of which increases in the direction of flow. Ih the
absence of transfer of fluid;across the duct'walls; the mean
velocity of the flow must decrease, this generally being
acqupanied by a rise of static pressure, Hence, a diffuser
‘may be classed as a device'ﬁhich converts kinetlc into
potential energy. |

ih the adverse pressure gradient through a diffuser,
boundary layers will tend to gfow. In some cases, this can
lead to‘separation, which is normally undesirable for'thé
following reasoné, although devices such as vortex generators
or boundary layer bleed may be used to minimise this effect.

(1) 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-effecﬁs on adjacent compo-
nénts. |

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

| main flow does not occupy the whole of the duct,
so decreasing the effective area ratio of the
diffuser.

Even in the absence of separation, the bﬁundary layer

growth is normally undesirable, since it produces a velocity

profile which has an increase of axial non-uniformity, and



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 systeﬁ, it is
necessary to define:
(i) The basié type (two-dimensional, conical,
annular)
(ii) The wall- shape (straight or contoured)
(iii) The dimensions
Within the scope of this work only straight walled
annular diffusers are considered. The following parameters

have been found useful in classifying this type:

tam

A

: e N
(i) The ratio of inlet annulus height to mean radius

h /R, = -
/Ry = 2Ry = RyIR, Rli)
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(ii) The ratio of inlet annulus height to mean length
L/h,
(1ii) The inclination, € , of the entry axis (a-b) to

the diffuser axis (a-a)
(iv) The diffusef included angle 29
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

[}

T R T :]
1+2() tan @ x E+(——) (=) sin €
hy nyt Ry

[§+2 %— tan é] for non-inclined diffusers
1

i}

reducing to AR
(€=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:

hy L., M
(AR-1)/(L/h,) = 2 tan § + (=2) sing +2(f=) (=) tan @ siné€
R 1 g
1 1
or for non-inclined systems, = 2 tan @
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

1ow flame speed, a certain proportion of the flow must be



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 deéired turbulent, low velocity flow conditions
necessary to promote stable combustion. A furthef 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, which 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. This

T"./
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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 sp%itter walls due to the adverse pressure gradient cre-
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 répidly.
Separation can normally be avoided by making a syétem 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 flow division around
the head fhan the faired system, the splitter plates of which
must operate at incidénce when the division of flow is other
than the design value.

In modern, high by-pass ratio gas turbines, the alr~
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 therefére have a significant
effect on the‘fiow 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 £he sudden expansion
of the dump system.

Further features relating to the operation of a dump



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. Thermost importaﬁt are:

(i) The amount of diffusion which has beeﬁ obtained

(i.e. the static pressure rise)
(1i) 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
(1ii) Mass weighting

(iv) Momentum mixed weighting



Ideally, the one-dimensional equivalent is required
to have identical properties to the flow that it represents
i.e. the same mass, momentﬁm and energy fluxes. Since a
diffuser is primarily a device for converting energy from
one form to another, the energy crite:ion must be satisfied
as a prime objective, hence fuling out (1) and (ii) above.
Mass welghting has been chosen for the purposes of this work
since it is in more common general usage, and is consistent

(14) as being

. with the averaging method suggested by Livesey
the correct one to give meaningful équivalents of nonwuniform
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:

w X _dm .
x = f m 7 . 104.1

Within 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:

A .
- ~u dA ,
u = f "'A""'_ 1. 4.2

Total mass flow, m, is given by:

A

‘m = f}audA =7ﬂfud}\

substituting from 1.4.2. yields:

mo= pTA 1.4.3



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

mean can be re=written as:

A :
m .
x = ‘[X—E'd_A 1.4.4
uA )
1.4.2 MASS WEIGHTED PARAMETERS

At this stage, it is convenient to defihe 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:

oL = (kinetic energy of flow) :
(kinetic energy of flow with the same mass flux,
but uniform velocity profile)

f—l 2 A3 |
oL = Zmu dm =fu"g}\ . ' 4.4.5
a1 2 Au
o m

1.4.2.1 DYANMIC HEAD

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

1 A
w J2Pvdnm ___‘J._}p./u3dA 4. 4.7
1 = m = 2 = . e

substituting from 1.4.5



q = i = m%;"ﬁ ' " 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

coefficlents are as follows:

W Vel
P P, - P,
r( = 1.4.9
1-2 -
94
5, - P -
E . = —2_—_—1 . 1-4010
pl-2 w
q4

Writing én energy balance ‘between stations 1 and 2:
w w w w w w
ml(p,l + qi) = m2(p2 + q2) - (m,lP1 - m2P2)

if no fluid is transfered across the duct walls, then

o w w w
e p1‘+ q1 = p2 + q2 - (P1 -— Pz)

dividing by ‘qi and re-grouping:

P, - B % P,-b
—-— q —
......."!'.m_.__.z. = 1 = .._.2.. - (——2-'—:-——1-')
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substituting from 1.4.8, 9, 10:

A X2 222 _ ¢ 4
uq

for continuity A1 U, = A2 u,

As
also = AR1_2

1
. " N

. a2 .4 _n :
S KA, =t 5 @) - o 1.4.12

Hence loss coéfficient’may be found by direct integration
of total pressures (1.4.9); or indirectly from 1.4.12. The
latter has been found more convenient for the purposés of this
investigation.

‘The ideal pressure recovery may be found from Equation
1.4.12 by assuming no loss (r&i_z = 0), and a uniform velocity

profile at station 2 (™, = 1.0)

T 11 ° 4.4.13
e e = 1 - e oo
pl-2 %y ARy p'

BRANCHED DIFFUSERS

INNER FLLOW FIELD

N

N | |

4 S B e DIVIDING
o 3/ 5 STREAMLINE
LY 5/ fug
,z Z /] Dz

N
\
AN
/0
/AN

®
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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

{
mean entry or individual flow field entry dynamic head,

latter hereafter being called ‘'split' entry conditions.

Referencing to mean entry conditions:

v v . v
Ly . Pii = Pag
O Y —
_ a4
&y Pai = Pqj
1-4’1 = -
pl- 8,

Referencing to split entry conditions:

“ % v

( K y 11 ™ P4y

1-473 -

d11
v v

&y . Pai T Pas

pl-4’i = " .

93

the

1.4.14

1.4.15

1. 4‘ 16

1. 4. 17

Writing the energy equation for the inner portion of

the divided flow:

vy L ad

(p Oas) (P G.)

Mys ‘Pag ¥ 9q37 = Bqg Pyy + Gpy) * Mg3Pyg = My,
« s g W .

dividing by 49 putting My = Mgy and re~gr

w w w w © -

Pas = Pyy Pg; = Pqj 3 Jai,2

. L Pa )
913 dq3 %5 U5

substituting from 1.4,16, 17

A : AL,. U
4i 4i,,2 w
( 1(1_4)1 = 1 - gq; ("_"——') - (Cp‘l-4)i
Uqi

Pag

ouping

14,18

e
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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:

w el
(L oy T Magy? | %a Mas2 e
1-4"1 0(1 - =4 - pl-471i 1.4.19
u1 1 u1 ‘

(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 qf the di&ided flow:
. | o e v - w
mg (B +dy) = my; (Byady; )4y 0Py +dgo) #gP =g P g =iy Py
and substituting for the definition given in 1.4.16, 17
(i.e. mean inlet reference),

we obtain: -

m,. ws m | i ' ow '
41 40 .
o CAyg)y + . (Ao = Kia 1.4.20

Hence when using definitions based on mean entry cone
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 flow split ratio, S = m40/m41, when determining.overall
performance parameters. By substitution of 1.4.20 into

1.4.18, and noting that (AR, ,). = Ays/R 4 it can be shown

1473
that:

-
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1.4.21

Pressure recovery can also be expressed in this form

as:
w 1 1 n w v
Cp1-4 = T3y = [Ep3i+sp3o) - {1+8) p;] 1.4.22
-4y
The ideal pressure recovery follows from 1.4.23 by
! L¥aY
putting £1_4 = 0, and - O%i = 0%0 =1
.- 8, ) 1‘(1)'3? 1 .5
e p.l_4—' -3 148 2 2
1 (AR, 05 (ARy_,)3
1.4.23

An effective area ratio may now be'introduced, defined
as the érea rafio 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:

J (1+S)3

ARe = 1.4.24

1-4 : =2 3 -2
(AR, 5% + ST(AR,_,)

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 (¥, = a ),

do
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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 A

a0’Pai o 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.

Firstiy, we‘may use the overall inlet conditions as

a reference, yielding for example:

v w
w Py = P
C = ..-3—-—-—.2- ’1.4.26
p2-3 g

1

This system enables overall performance parameters

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

LA \'a v W

Cpi1=a = Cp1-2 * Cpa-3 + Cpag

However, it may be preferable to use local entry

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

Py - P
v 3 = P2
Coo_3 = = 1.4.27

2
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.



or (Cp2-3)i =

1. 4.3

il
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(Ve [¥al
P3; = Ppj
v
94 using overall entry
conditions as a
w “ reference
P3i = Ppy
943
P3i = Ppj
q
2 using local entry
conditions as a
W v reference
P33 = Ppy
L
9035

BOUNDARY LAYER PARAMETERS

1.4.28

1.4.29

1.4.30

1.4.31

In the present work, boundary layer parameters have

been found useful as a means of quantitatively describing the

developmeht of velocity profiles throughout the system.

Generally recognised definitions.have been used:

non-dimensional displacement thickness,

: m
d" u, R //
wo wi R W
W
non-dimensional momentum thickneés,.
'_ﬁ;
e u u R
R ~R . 1-7-75-5g K /(Rwo—Rwi)
wo  wi W
R
e W
1.4.33
Shape factor, H = d/e

R .
where wi

= radius of the wall to which the boundary



- 16 -

layer relates
R = radius to which the boundary layer under

i consideration extends

Rwo = radius to which the annulus extends
(R _-R,} = 1is the annulus height, ang 1s.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 clarificatiocn.

PLANE
\  OF HEAD
MEASUREMENT ~_

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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1edo 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 ﬁhe axial non-uniformity.
Firstly, the kinetic eneréy flux ceoefficlent, as defined in
Equation 1.4.5 may be used, since the kinetic energy of a
flow rises with increasing axial hoﬁ-uniformity.

Secondly,-a blocked area concept may be used, which
indicates the surfeit of area required to transmit 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, Ag, is given by:

Ap

1

A
u a .
f(’l % oan = a1 1.4.34

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

are then given by:

2(Rui Ji+RwoJB)

2

5 1.4.35
(R® = R%.)
WO Wi

7.'Ll
B = (1-%H-01-E5-=

These parameters are simplel to calculate than <X,
since detailed knowledge of the velocity profile is not
required, only.mass flow rate, duct aréa, and the maximum
velocity. However, for the purposes of this investigation,
it has been found more convenient to use ol as a measure of
axial distortion. The relationship between <, and B, ,

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 coﬁld be used,
but this point is often 111 defined, particularly in fairly
uniform profiles. The boundary layer parameter, df, is far
less sensitive'to accurate determination of the maximum
velocity point, in view of thé (1 - %) term'which tends to
éero near the point, . |

A parameter, hereafter termed the radial distortion
can then be defined as: |

e *

Ry, = i%;i-fg | - 1.4.36

d; + d

1 e

factor, Ry,

Where i and o refer to the two regions of the profile,
divided about the point of maximum velocity.  For a symmetric
velocity profile, R, = 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

+,’ DUMP|GAP ‘~,°,p/\ DUM P REGION

‘ !
‘§¥ 5

", HEAD REGION.

N
COMBUSTION

SETTLING LENGT}

- o
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Thé 6vera11 area ratio of a dump diffuser ié of prime
'iﬁportanée, since it goverhs the amount of diffusion being
attémpted. It is iargély fiied by tﬁe Mach number at Cdmf
pressor exit, and the neéessity to obtain a sufficiently'
high static pressure in the settling length annuli to'ensure
adéquate penetration of the flow into the flame £gbe walls.

Considerable significance is also attached to theé
pre-diffuser area-ratio, since this, in part, dictates the
" amount of diffusion which must subsequéntly occur further
downstream. The @urpose of pre-diffusion is to‘attempf to
minimise loss by reducing diffusioh 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 thé flow conditions
at exit from the pre-diffusér. A region'of‘high static
pressure, centred around the stagnation peint, must é#ist
on the head; creating, pariicularly at smali 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
région of the pre-diffuser walls, and lncreasing 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 océurance of
sepération,'o: gross flow non—uniformity. It sﬁould however

be noted that reducing dump gap to a very small value:
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effectively reducés the pre-diffuser outlet area, with the
result that this 'diffuser' can operate as a nozzle.

j The size, and shape of the head is important, since
as weli as influencing the upstreaﬁ flow, it largely governs
the amount of turning which must be accomplished, and the
way in which it takes place. |

The significance on overall perfokmance of the divi-
sion of flow into the two settling length annuli can be
- ¢learly seen by referring to Equation 1.4.23, and Figure
1.4.1, in whiéh it can be seen that the ldeal 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'p;es—
" sure gradients generated by the flow curvative around the

head ﬁodify the pressure field at outlet of the pre~diffuser.

1.6 REVIEW OF PREVIOUS WORK

(1)

1.6.1 SUMMARY OF WORK BY FISHENDEN

A brief summary bnly of this work appears in this
section, since much of it can be directly compared with fhe
present work, and therefore appears in the discussion.

Tests were conducted on.a fully annular dump diffuser
rig, similar to that used in thé‘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.

1e6s1e1 THE PRE-DIFFUSER

(a) -It was found that the majority of change'of pre—
diffuser pressure recovery with dump gap or flow sblit was
due to insufficient and not inefficient diffusionii.e. re-
sulting from a change of the noﬁ-uniformity'of outlet velo-
- city profiles.

(b) Fér any given dﬁmp gap and pre-diffuser geometry,
an optimum flow split existed. This optimum point was simi-
lar whether maximum pressure recovery or minimum loss was
used as an optimising criteria, and alEhough influenced by
both dump gap and pre~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 tp be
related to a symmetric pre-diffuser outlet velocity profile
with minimum axial.distortion_(i.e. minimum £ ,). The use
of a pre-diffuser, canted outwards at 3.330, did however
bring the values of design and optimum flow splits closer
together.

(¢) 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 . QVERALL

(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 2.715 in most
cases,

(b) Since, at all conditions, there was no gross
non-uniformity of the‘settling length profiles, the reduc-
‘tion of pressure fecovery below the ideal value was prima-
‘rily attributable to loss.

7(c) No absolute optimum operating condition could
. be defined in viéw 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
(1i) Decreasing dump gap |
(iii) Increasing pre-diffuser included angle (2¢) 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..ees.25% Dump region.seee.15%

Annulus surrounding flame tube (3~4 in Fige 2.3.1)cceee.60%

1.6.2 ISOLATED ANNULAR DIFFUSER PERFORMANCE

Considerable work has been carried out by Sovran and

K1omp(2)

on the testing and performance evaluation of a large
number of diffuser geometries. Aithough, for the system used
in the current investigation, the head influences the pre-

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

o
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This is clearly seen from Figure 1.%.1, in which it can be
seen that good correlation can be obtained between the re-
sults of an isolated diffuser, and the pre-diffuser at large

dump géps, each having similar entry conditions.

1.6.3 THE INFLUENCE OF ENTRY CONDITIONS

1.6.3.1 MACH NUMBER AND REYNOLDS NUMBER

The influehcérof Mach number and Reynolds number re-
- lating to diffusers have been established from previous work.

(i) Little and Wilbur(s)

have shown from tests on
conical diffusers, that pressure recovery is
eséentially independent of Mach number, provided
that sonic conditions do not prevail in the.
critical region of the inlet corner.

(4)

(ii) McDonald and Fox have shown, also in connection
‘'with conical diffusers, that performance is.essen-—
tially insensitive to chahges of Reynolds number

above a value of about 104.

(iii) . Gurevich(S) has shown that for low entry swirl,
annular diffuser loss coefficient isruhchanged 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 ?ach 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

_ ;ssuming ﬁhat all major éffects 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 pdsitive pfessure
gradient, as can readily be seen from the Navier—Stékes

equation for steady two dimensional incompressible flow.

In the x direction:

d2u  ,2u _ _123F 2u , D%
ubx+v5y---f,3x+'\f(ax2+ Byz) 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
in the x di;ectioﬁ 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 bf redistri-
‘bution of fluid., Increase of velocity profile non-uniformity
implies an increase of kinetic energy,-thereby-decreasing the
pressure recovery possible in a diffuser.

Generally, the result of increasing the turbulent mixing
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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
profiie at outlet. A small increase of loss is usually in-
curred.

Extensive work on the correlation of the éffects of
presenting variously distorted entry ﬁelocity préfiles have

(2)

been carried out by—Sovrah and Klomp s, using the blockage

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

1?
uniformity._ An empirical relationship between two—dimensional
effe;tiveness,,E»II; outlet effective area fraction,'Ez,
(Equation 1.4.37) geometric area ratio, AR; and entry blocked
area fraction, B,, was obtained, as shown in Figure 1.6.2.
In_this way, comparison of.the data due to Tyler and Williamson

(6) (2)

s Wolf and Johnston, and Sovran and Klomp 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 Coékrell » and

Williams(g?. 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

tecovery could be obtained.

1.643.3 ENTRY SWIRL

The efféct of entry swirl on various annular diffuser
geometries has been investigated by_Gurevich(S). It may be
seen in Figure 1.6.4 that swirl is generally'detrimental to
performance, excebt for diffusers of large wall angle, where

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

The work of Horlock
pattern as swirl is introduced, as sheown 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(ii) has been

carried out in order to determine a stability criterion for

a branched diffuser system, and is briefly presented below.

Qﬁ'{os Q°_ ‘Q

(ii)

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 flbw, pressure in the inner
annulus must rise to a greater extent than that in the outer
falls, in order to pro?ide a pressure force which will tend

to restore the original division of flow.
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Hence Bi > 8\60 for static stability
| R .
or s > ey,
el
pL ®ai -
¢
£ =-%2o | {q
po 2)Qo
A
C . - C
l_p_a §q <« 222 {4
‘b Qi Qo
. W
¢ c ‘ |
¥ - B—Ei + %——R‘Z < 0 1.6.1
Qi Qo -
(Qi) (01)
1.7 ' THE CHOICE OF SYSTEM TO BE.INVESTIGATED_

In the light of recent work by Fisﬁenden(i)

s the
importance of matching the pre—diffuser, and downstream
sections has become clear. Tt has been shown in this work
that optimﬁm performance is related to:
(i) A symmetric pre-diffuser outlet velocity profiie
(ii) A symmetric static pressure distribution-oﬁer
the.héad, and pre-diffuser outlet aﬁnulus
(iii) A flow split less than a design value of 2.15.
It can be seen from Figurg 1.4.1 that the overall
ideal pressuré recovery maximises at the desigﬁ 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{i)

y and those of the present investigation, the
main parameters, such as head-shape, size and posiﬁion,
overall area ratioc, and pre-diffuser geometries, femain un-—
changed, the alterafion of the design flow split being

accomplished by moving the inner and outer casing walls.

(see Pigure 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
systeﬁ dump diffuser, to prpvide details of performance over
a range_of operating conditions, and to'suggest possible
improvements. With these po;nts in mind, the following tests
have been conducted: |

(i) . Performance evaluation over a range of dump gaps,
and flow spiits, with each of three axisymmetric
pre-diffusers of 12° 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 12° included angle,

and a di;torted entry velocity profile, with a

design flow split of 2.15.

W
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In isclation, the results of these tests show:

(1)
;
E(ii)
(iii)
When

also show:!

(1)

(ii)

The effect of a variation of pre-difiuser area
ratio at a fixed included angle

The result of variation of dump gap

The result of changes of flow split.

compared with the results of Fishendencl), they

The effect of changing entry conditions at vari-
ous common downstream conditions
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 annulér system'has been
used, in view of the uncertainty cf the end wallleffects
‘associated with segﬁented models.

_Fldw was suppiied 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
betwéen fan and test regions, minimised the effect of the |
fan flow characteristics on the alrflow through the rige

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.

1]



_Pérspex was chosen as the main structural maﬁerial
in view of:
(i) The relative ease of manufacture
(ii) The high accuracy possible
(typically 500.00 X 0.07 mm)
(1ii) The possibility of using flow visualisation
technidues

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

2.2 TEST RIG VARIABLES

(i) Dump Gap

The comﬁustion chamber assembly was mounted on a
screw jack, enabling it to be moved vertically by means of
a calibrated-: wheel mounted at the base of the rig, In
this way, the dump gap, D; coﬁld be varied between 0 and
200 mm with an accuracy of ¥ 0.1 mm.

(ii) FPlow 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. 1In 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

)
close to the optimum lines of Sovran and Klomp(z’.

!

2.3 INSTRUMENTATION

(i) Pre-Diffuser Entry and Exit

Facilities for employing the manual traverse.mechaﬁism
shown in Figure 2.3.5 were located at three circumferential
‘position, mutually ét 120°, 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 wédge
static probes used to obtain measurements-aré shown in
Figures 2.4.5 and 2.4.6.

(ii) Combustion Chamber Head

In view of the movement of the combustion cﬁamber
neceésary 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 30°
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 rigqg.

(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, 1t 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 approxiﬁate hean
total pressure in .the settling length annuli were fitted.
) These consisted of lengthsof tubing, mounted radially across
each annﬁlus; blanked off at one end, wiﬁh several small
holes drilled into them, facing the direction of the oncoming

flow,

(vi) Recording of Pressures

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'wére conducted
ovér a range of dump gaps and flow splits, with an overall
design flow split of 1.20, and fully developed entry condi=-
tions. Additionally, the effects of distorting the enﬁry
~profile were investigated in tests condugted over a range of
flow splits and dump gaps with a single pre—diffuser, and
design flow split of 2.15.. The rénge of these tests is sume-
marised in Figure 3.1.1, the values of dump gap, and flow
split having been chosen on the baéis.of previous experience
so as to include the regions of greatest interest.

. Each test included measurement of the following items:

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

diffuser ouﬁlet plane (station 2) |

(ii) Total and static pressure data from inner and

outer head rakes (stations 3; and 30)
" (iii). Total pressure profiles in both settling length
annuli (stations‘éli and 40) . |

(iv) Static pressures from the wall tappings

{(v) 'Key! sEatic pressures from wall tappings.

(1), (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 numbér for éonVenienée
of referenée, the'system used being eXpiained by the use of

the following example:‘
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TEST NO. 2 - 0518

Pre-~diffuser . Non-dimensional ~  Approximate
reference number dump gap flow split

In addition, complete blocks of tests can be referred
to:
€eg. 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 staﬁion 1, at each of three circum-
ferential locations. Tbéée were conducted at extremes of
flow split and dump gap outside the normal testing ranée.
Circumferential uniformity, independence of downstream con-
'_ditions, and the absénce of a radial static pressure gradient
were ascertainedg 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 towards the outer
wall at entry. This system was chosen in ah 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_thaﬁ testing
was conducted. )

During all tests, the entry velocity was maintained
approximately-constant at a mean value of about 26 m/s,

U, 2h 5
corresponding to a Reynolds number“(_____l) of 1.6 x 107,

Vv

3.3 EXPERIMENTAL TECHNIQUE

Total and static pressure profiles were obtained
using the equipment descfibed 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 @ro—

file.



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

4i 58.5 mm 25 -

40 30.7 mm 20 -

All traverse and head rake pressures were recorded
with refe;ence to local wall statlcs (1fe. p2wo,_p9Hi/o,
p4wi/o)’ these reference pressures, and all wall static
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

Byrﬁelecting 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 mm
water. However, the preésure probes operated under condi-
tions ranging from steady fully developed flow to separated
flqw, 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 outleteesses M. =m + 8%

mean for all tests m1+4.7%

Settling LengthSoooooo.o m = m1 - 2

4= (m4i+m4o

mean for all tests m1+2.7%

In view the fact that calculated parametefs are based
on large numbers of. experimental data,_it is’difficult to
1provide an accurate gsseSsmenﬁ of likely error. Réalistic
estimates of the maximum likely errors-in the more important

performance parameters are given below:

Pre-Diffuser - Overall
Parameter Typical Error Typical | Error
value value
. + +
Pressure  ~ ]0.500 Z .025 0.500 - 015
2 :
Recovery p (: 5%) (} 3
Loss e 0.080 t .030 0.250 *.025
Coefficient (i 40%) ‘ (2 10%)

It should be noted that the high error associated
LA '

with ¢(£_2 is the result of the low value of pre-diffuser

loss, calculated from the difference of large quantities.



SECTION 4 PRESENTATION AND DISCUSSION OF RESULTS

In thié 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. 1In 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 OVERALIL PERFORMANCE (1=4)
4,1.1 _ OPTIMUM CONDITIONS

- The overall design objectives may be stéted as follows:
(1) To obtain a maximum pressure recovery
(ii) To incur minimum total pressure loss
(1ii) To minimise the overall length
" (iv) Good stability, and radial and circumferential
flow uniformity
(v} To satisfy the above four ﬁoints at both on and
off-design flow splits.
The overall performance for various flow splits, dump
gaps, and pre-=diffusers is presented in Figureé 4,1.1/3 ‘and
compared with the data due to Fishenden(i). 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 iines of Figure 4.1.4.
A tangent to these curves (the broken line) can then be dréwn,

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

sure recovery, and minimum possible loss. It can then be
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seen that the first three design objectives are not consis-
tent. When the overall length is iow, pressure reco#ery is
poor, and loss high. However, as non-dimensional length
(Lov(hi) is increased up to a value of about 5.5, an improve=
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 considef—
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/hz)-of 1.1
(D/h, = 2.0), a pre-diffuser length (E/hi) 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 opfimum flow splits occur near the design value,
at optimum conditions, the ideal inner and outer pressure
recoveries are approximately equal. Loss however mbdifies
this result, and equélity of inner and outer pressure recov-
~eries invariably occurs at a flow split above design, as in-
dicateé by the example of Figure ﬁ.1.5. " The result is, that
at optimum conditions, the pressure reéovery of the outer
flow field is below that of the inner, as shown in Figﬁre
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 which the maximum overall
bressure recoﬁery, 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 h and not, as is more usual, by h2. Since it is

-l’
usually desirable to avoid gross flow non-uniformity, the re-
gions in which pre-diffuser separation is likely to occur have been
indicated. It should be noted that it was not found possible

to congtrﬁct minimum loss désign curves for flow splits in

excess of 1.2 because of the relatively small variation of .

loss ccoefficient 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—difﬁuser 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-diffuéer pressure recovery rising as dump gap is re-—
duced, at the expense .of only a small increase of loss. wa—.
ever, reduction of dump gap increases loss downstream of the
pre~diffuser to such an extent that the variation of overall

pressure recovery 1is the complete reverse of that in the pre-
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diffuser. It is also clear from thié graph, and indeed all
those of Figure 4.1.10, that the majority of the pressufe
rise occurs within the pre—diffusér, 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-diffﬁser geometry and dump gap is shown in
figuré 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 simiiar variation of pressure'recovery‘would océur,
(see Figure 1.4.1) |

. An example of the effect of changing pre~diffuser
length (and hence afea‘ratio since 29 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-diffuser, loss downstream of it, falls.
However, for the particular example shown,.a gain of éverall
performance in this way is only possible by increasing none-
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 FLOW STABILITY

The stability parameter ¥ (as defined in Section 1.6.4)
is plotted in Pigure 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 reéion of
the design flow split, the system is theoretically least
stable, although greater stability may be achieved at the

‘smaller dump gapSe.

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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4,2 PRE-~DIFFUSER PERFORMANCE (1-2)

4,2.1 THE INFLUENCE OF DOWNSTREAM CONDITIONS
ON PRE-DIFFUSER FLOW

In order to provide forces to balance the centrifugal
effeét as flow turns around the head,'pressure gradien&iwill
~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 symmetriéal 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, whén a symmetric velocity profile is
presented at entry, the pré-diffuser outlet profile is also
symmetric. Under these conditions, the pre-diffuser outlet
static pressure distribution is as shown in Figuré 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 bécome asymmetric, hence creating an
asymmetric pressure gradient at pre-diffuser outlet. Conse-
quently, as a result of the differihg axial pressure gradients

(‘bp/”bx) influencing inner and outer pre~diffuser wall
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boundary layers, the outlet velocity profile is distorted, as

shown in FPigure 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 minimise mixing within the pre-diffuséf 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 butlet 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, XK 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 o<2 being possible by decreasing dump gap. |
Reference to Figures 4,2,3-5 confirm that opfimum 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 moré
clearly seen in Figure 4.2.9, in which iﬁ is also apparent
that the effect of changing dump gap has.a greater influence
at small values of D/hz. |

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 ﬁixing. Figures l,2,.3=b5. show that the
reduction of pressure recovery is greater than that attribute
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, c(z, in Figufes 4.2.6-8.

At small dump gaps, the radiai 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 opérating 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 settiing 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(i) also indicate a similar relationship,
although these conditions do not prevail‘at the design flow
split of 2.15, but at values close to the design (or optimum)
conditions of the present 1nvest1gatlon, 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 fgom 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).

4,245 THE TINFLUENCE CF PRE-DIFFUSER GEOMETRY

Since all pre~diffuser used in the current work were
of 12° included angle, those of greater length had a larger
area ratio, and therefore a greater pressure rise was thecret-

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 additidnal 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, énd flow splits are preseﬁted in Figure
4.2.11, derived from the assumption that separation was
imminent when the non-dimensional velocity (u/yy) near the

wall fell to a value of 0.05.

4.2.6 THE INFLUENCE OF MODIFTED ENTRY CONDITIONS

As shown in Figure 4.2.12, the effect of distorting
the’entry velocity profilg, 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
énérgy 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 1.4.714, in which the significance

o X2
of the ratio =~ ¢can be seen
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As flow split varies for the distorted entry case, the
outlet velocity profiies largely retain'%heir original form
as indicated in Figure 4.2.14, whereas for fully developéd
entry conditions, considerable variatidn 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 Yelocity regilon near the
inner wall, effectively producing a more uniform profile, and

reducing K

o However, for fully developed entry conditions,
at flow splits below about 1.2, &K, rises with decrease of
=4 . .
flow split, and the value of "6'(2' . falls substantially below
1

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

éplits, despite any increase of loss assoclated with the ine
crease of mixing of the distorted entry profile, improvement
of pressure recovery is possible, as can be seen below flow

splits of about 0.8 in Figufé 4,2.12.

4,3 DUMP AND HEAD REGION (2-=3)

In this section, an attempt is made to ocutline 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 considered 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, variatioﬁ of performance para-
meters may result solely from variation bf 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.

v Pyj = Bys
€. (Cp2_3) 2 =
Q23

e

It should be noted that, in view of the limited numver
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 degre:z
of ilnaccuracy 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 beeh 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
tpe flow, as described in subsequent discussion within this
section.

The variations éf both inner and oﬁter flow field pres-
sure recovery and loss coefficients (defined as in Eguation

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 Obse£Ved for
the other pre—diffusefs 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 FACTORS INFLUENCING FLOW CHARACTERISTICS

4,3.2.1 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
éeﬁtrifugal forces. It could therefore be expected that loss
would rise as either the rate or amount of turning increasad.

Since the flow must return tb the axial direction in
the settling length after turning aroﬁnd 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 anﬁ 4.3.3 (see Appendix 3 for
.the compiete series of results), that the pressure gradienf
at station 3 is consistent with that of a flow curva%ufe whichl
is éonve# 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 ié 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 spliﬁ. 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 hgad,.since, in
effect, some turning-has already been accomplished within the
.pre-diffuser.

Flow split also variesrthe amount of turning, in a way’
that is also influenced by dump gap. It may be seen in Fiqure
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.

[]

\

“ DIVIDING

\ STREAMLINE I
1
1
i
1

HIGH FLOW SPLIT Q»Q LOW FLOW SPLIT Q&

SMALL DUMP GAP

From the above sketch it can be seen that at a high flocw
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split, iﬁ for example, the inner flow field, a greater pro-
portion of the pre-~diffuser outlet flow is concentrated in
the reg%on of the dividing streamline. Hence more turning
of innef flow is fequired-as flow split increases, and vice
versa in the outer flow field.

At large dump_gaps, there is considerable wvariation
of the dividing streamline location at pre—diffusef outlet
with flow split, altﬁough the velocity profile at this

. location does not change appreciably (see Figure 4.3.4).
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Taking the inner floQ field as an examﬁle, it is
clear that as flow split is reduced, the effective centre
of ﬁass 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 expansiocn 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, i£ could be expected that the ture
bulent mixing of a velociﬁ& profile would rise in tﬁe region
of high radial velocity gradient as flow non-uniformity ine-
creased. The kinetic energy flux péraﬁeter, X5, 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 miking 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 FLOW 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.

TS /77 HIGH ENERGY REGION
DIVIDING ¢ \\\LOWER ENERGY REGION
¥4
STREAMLINE L ¢4 &J&S
__._—_-_—_-_'_-
“ ENERGY
TRANSFER

4.3.2.5 VORTEX FLOW

Since the majority of the vortex lies within 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 with 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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4.3.2.6 THE INFLUENCE OF DIFFERENCES BETWEEN INNER AND
QUTER FLOW FIELD DUCT GEOMETRIES

The choice of a design flow split of 1.20 , and
annular geometry, dictate inner and outer casing walls which
are not equidistant from the combustion chamber centreline.
The result is, for similar conditions at pre-diffuser outlet,
less turning of the oyter flow than that of the inner is re-
quired.

There is also a difference in thé way in which diffu-
sion or acceleration takes place. At large dump gaps it has
already 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 1s progressing towards a smaller radius, and any diffu-
sion must take place radiélly,‘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 fiow non-uniformity. Viets(iz)
has shown, in a theoretical investigation, that there can be
a substantial difference in the mixing chéracteristics of
flows diffused in different planes, more miking 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.



- 58 -

4.3.3 DISCUSSION OF HEAD STATIC PRESSURE DISTRIBUTIONS

The variation of static pressure on the heéd is pre-
sented in Figures 4,.3.5=-8., It cah 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—
ltion 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 subéequently rising as diffu-
sion occurs. Secondly, the flow turning, as discussed in
Section 4.3.2.1 also inflﬁences the head static pressure
distribution. Due to the necessity to turn the flow aroﬁnd
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

NEGATIVE dp
dy,

_FLOW CONVEX TO HEAD
~ posITIVE 9P
: dy

Yu
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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 SETTLING LENGTH (3~4)

4.4.1 GENERAL FLOW CHARACTERISTICS

Since the inner and outer flows are completely separéte
at station 3, and henée almost entirely independent of each
'othef, performance and flow characteristics will be mainly
dependent upon local entry conditions (i.e. at station 3).

In general, the flow diffuses rgpidly into the initial
regions of the settlingllength, subsequently diffusing more
slowly in the constant area regions as the velocity profile
becomes more uniform due td mixing. Additionally, the flow
is turning towards the COMEustion 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 shown 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 howevef rises with decreasing flow fraction,
and therefore the reduction of pressure recovery is solely

the result of a rapid increase of loss.
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4.4.,2 - FLOW STABILITY .

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

of radius R, with tangential velocity u.

In the absence of significant radial acceleration, the

centrifugal force must be balanced by a radial pressure force.

5 ;
o dp
R a8 4.4.1

&i8
[z,

- 3
Consider the particle displaced to a new radius, R4.

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

of the particle, then:

Rq ug = Ru 4.4.2

' The centrifugal force exerted by the displaced particle

is then given by:

2
mu | 2.2

Rd Rag

If the local velocity at the displaced position is Uy s

the local pressure gradient is given by:



2
dp u , ,
1 fl#& o  4.4.4
dRg Rg o

i ‘ |
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 opﬁosite to that of the dis-

- placement.
i e m dpi S mR2u2
1 dRa Rg
5 |
.1_1.'.1_ > R%u?
R 3
d Rg

There, for flow stability, the product uR must increase
with R,

It can be seen in'FiQﬁre 4.2.2, that, for the majority
of the flow at station 3, uR decreases with increasing R. it
should be noted that it has been assumed that all cf 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 Ehis would alter the conclusion that the flow
is unstable, givihg rise to a qonsiderable degree of turbulent

mixing. The results of Stevens and Fry(ls)

confirm that tur-
bulent shear stress of a concave surface boundary layer in-
creases considerably at the flow negotiates a constant area

annular bend.

.

d
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4.4.3 RE-DISTRIBUTION OF FLOW DOWNSTREAM OF STATION 3

In viéw 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 additién.to the effect described above, we must
-also consider the diffusion of the flow, which will tend to
' accentuaﬁe the initial distortion.

The resultant shape of the velocity profile in the
settling length will therefore depend ﬁpon the relative
mégnitude of these two effects, viz. diffusion and curvature.
Figﬁré 4.4.1 shows that when the flow to either inner 6r
outer annulus is high, thé 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 tu/U)R with increasing radius
is more apparent, for tﬁe 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 Qf the curviﬁg flow, pro-
ducing velocity profiles in the settling length distorted
towards the casing walls, as shown in Fiqure 4.4.3.

The plane in which the diffusion takes place has a
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significant influence on the mixing &haracteristics 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

(12) suggest would be associ-

of.the exfra mixing which Viets
ated with the outer fiow, 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 FPigures 4.4.1

and 4.4.3.

4.5 DIVISTION OF 1LOSS 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.overéll loss
occurs downstream of the pre-diffuser, particularly in the.
region between 3 and 4. Furthermore, except at vefy low flow
splits, when_fhe inner flow field mass fléw is high, a sig-
nificantly greater proporfion 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 systém 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 12° included
angle, the overéll design flow split of the system being
1.20. ‘Further tests were‘conducted using the 1.6 aréa ratio
pre~diffuser, with distorted entry conditioﬁs, and design
flow.split of the systeﬁ 2.15.

In addition tﬁ considering the overall performance,
total pressure loss, static pressufé 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 tﬁe results of this investigation
with those of Fishenden(i); the influence of distorted entry
conditions, and a change of design flow Split'for constant
overall area ratio and combustion chaﬁber 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/hz) of

1.1, and pre-diffuser length (L/R,) of 3.5. This
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(i)

(1ii)

(iv)

(i)

- 66

corresponds to a pre-diffuser area ratio of 1.74,
and overall length (Lov/Rl) of 5.5. At these
conditions, a pressure recovery of 0.3 is obtained,
with a loss coefficient of 0.16.

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 cdrresponded
to a symmetric pre-diffuser outlet velocity pro-
file, and a symmetric static pressure distribution
on the combuétion‘chamber head.

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 influence was to increase loss at all
operating conditions.

Comparison of results obtained for overall design

flow splits of 1.20 and 2.15 clearly indicate the

need to match system geometry énd design flow
split. This should be done in such a way that a
sfmmetric pre~diffuser outlet velocity profile
and static pressure distribution is obtained at

the design flow split.

PRE~DIFFUSER PERFORMANCE

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 with off design flow

splits increased.

5.1.3 DIVISTION OF LOSS

It has been demonstrated that most of total pressure
loss occurs ddwnstrea@ of the point of minimum pressure on
‘the combusticn chamber head. This is due to the high degree
of mixing éssociated 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 sysfem as foilows: | -

Pre-diffuser (1-2): cesovsess  20%

Dump region (2-3) ccceseces 20%

Settling length (3-4)  weeeseses  60%

However, the exact numerical values of the loss divi-
sion depend upon dump gap, flow spiit, and pre-diffuser geo-

metry.

5.2 RECOMMENDATIONS FOR FUTURE WORK

(i) Performance has been determined over a wide range
of operating conditions for pre-=diffusers of 12°
included angle only. It would be of considerable
interest to examine the influence of pre~diffusers
of larger included angles, and also contoured wall

shapes.



(ii)

(1i1)

(iv)

Considerable loss is associéted with the diffu—
sion and curvature of the flow around the head.
There is scope for a considerable reduction of
loss 1f the turning and/or diffusion could be
reduced. With this in mind, it might be of in-
terest to conduct tests with various head éhapes.
In view of the current trend towards iow 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.
It is clear that entry conditlions can have a sig-
‘nificanf effect on diffuser'performance. In fue
ture work, consideration should be given to the
fact that fully developed entry conditions may
not give a true representation qf conditions
occurring in practice. An attempt should thére—

fore be made to test with more representative

"entry conditions.
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'Fig.1.3.1 TWO TYPES OF COMBUSTION CHAMBER DIFFUSER
SYSTEMS IN CURRENT USE
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Fig.141 VARIATION OF OVERALL IDEAL PRESSURE RECOVERIES AND EFFECTIVE
T AREA RATIOS WITH FLOW SPLIT
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Fig. 1.4.2 RELATIONSHIP BETWEEN KINETIC ENERGY
FLUX COEFFICIENT AND BLOCKAGE FRACTYTION
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Fig-1.6.2 INFLUENCE OF INLET BLOCKAGE ON DIFFUSER
PERFORMANCE AFTER SOVRAN & KLOMP®@
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- Fig. 1.6.3. VARIATION OF DIFFUSER EFFECTIVENESS WITH
INLET BLOCKAGE FRACTION.
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Fig.1.6.4. INFLUENCE OF ENTRY SWIRL ON LOSS COEFFICIENT
FOR CONSTANT INNER CORE ANNULAR DIFFUSERS AFTER

GUREVICH(5)
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Fig.21.1 LAYOUT OF TEST FACILITY.
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Fig 2-1-2 EXPERIMENTAL FACILITY.

(1) Intake Flare

(2) Intake Bullet
{3) Inlet Length

(4) Inlet Station(1)

(5) Pre-diffuser

(6) Combustion Chamber Head

(7) Head Rake

(8) External Static Pressure
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{9) Internal Static Pressure
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Fig.2l.3 TEST RIG AND PRE—DIFFUSER GEOMETRIES

" LOCAL
RIG
@
|
i
| h h
4 | -io
'TEST RIG DIMENSIONS |
R4 h‘VR,‘ h3i[ﬁ1‘ h_‘:-loiﬁ1 ,h'“"§1 h4°1ﬁ1 RH[§1 AR, 4
m.m. :
DESIGN FLOW SPLIT $%:1-20
234-9|0.162 [0:333 [0.117 | 0-249| 0.131 | 0.284 | 2.00
) DESIGN FLOW SPLIT §%z215" o
234.9 | 0162 | 0.231 | 0.231 |0-162 [0162 | 0-284| 2:00
PRE-DIFFUSER GEOMETRIES
REF [T h . ’ AR
No. I'n, h, 29 § 1-2
1 1.897 | 11400| 120 00 1.400
2 2.854 | 1600 | 12.0 0:0 1.600
3 3.806 | .800 | 120 0.0 1800




-~ 80

Fig.221 SETTUNG LENGTH THROTTLE & TRAVERSE MECHANISM.
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 Fig.2.31 LOCATION OF INSTRUMENTATION
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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.3.21 ENTRY VELOCITY PROFILES
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Fig.32.2 DETAILS OF THE SYSTEM USED TO GENERATE
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Fig.3.2.3
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SHEAR STRESS AND VELOCITY DISTRIBUTIONS
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Fig.3.4.1 .CALIBRATION OF PRESSURE PROBES AT INCIDENCE
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Fig.4.1.1 OVERALL PERFORMANCE— PRE-DIFFUSER No 1
;" $:120  DPln, %215 (Ref 1)
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Frg.41.2 OVERALL PERFORMANCE —PRE-DIFFUSER No. 2
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Fig.41.3 OVERALL PERFORMANCE—PRE-DIFFUSER No.3
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Fig.41.4, VARIATION OF MAXIMUM PRESSURE RECOVERY

AND MINIMUM LOSS WITH OVERALL LENGTH
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Fig.41.5 EXAMPLE OF THE VARIATION OF INNER AND
QUTER OVERALL PRESSURE RECOVERIES WITH

FLOW SPLIT
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Fig.41.7 DESIGN CHART FOR MAXIMUM PRESSURE RECOVERY (S=0.5—1.4)
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F@ﬁj.B DESIGN CHART FOR MAXIMUM PRESSURE RECOVERY.(S=1.2-2.2)
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" Fig.41.9 DESIGN CHART FOR MINUMUM LOSS

0.6

05

0.3
vy
M-alary

0.2

04

R

////E{é{/o{/pé 7
OUTER WALL SEPARATION

~

N6

CONSTANT FLLOW SPLIT,S

CONSTANT DUMP GAP, D!h1

SEPARATION LIMIT

/ P




Fig.4.1.10

- 98 - _ _
EXAMPLES OF PRE-DIFFUSER AND OVERALL
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Fig.4.1.11 GENERAL FLOW STABILITY
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Fig.4112 OVERALL PERFORMANCE—PRE-DIFFUSER No, 2
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. Fig. 4.2.1 EXAMPLE OF THE VARIATION OF PRE-DIFFUSER

QUTLET PROFILES WITH DUMP GAP
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Fig 422 ' PRE-DIFFUSER OUTLET PROFILES
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Fig. 4.2.3 PRE-DIFFUSER PERFORMANCE—PRE-DIFFUSER No.
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Fig.4.2.6 PRE-DIFFUSER PERFORMANCE"PRE-DfFFUSER No.2
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'Fig. 4.2.5 PRE-DIFFUSER PERFORMANCE—PRE-DIFFUSER No.3
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'Fig.4.2.6 PRE-DIFFUSEROQUTLET FLOW DISTORTION

PARAMETERS~— PRE DIFFUSER No.1
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Fig 4.2.7 PRE-DIFFUSER QUTLET FLOW DISTORTION
PARAMETERS —PRE-DIFFUSER No.2




Fig.4.28 PRE-DIFFUSER QUTLET FLOW DISTORTION
PARAMETERS-—PRE-DIFFUSER No 3




~ 109 - o
Fig 4.29 TYPICAL VARIATION OF PRE-DIFFUSER PRESSURE
A . RECOVERY WITH DUMP GAP
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fig.ln.Z.lO THE REDUCTION OF PRE-DIFFUSER PRESSURE
RECOVERY ATTRIBUTABLE TO LOSS
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Fig.4.2.11 PRE-DIFFUSER SEPARATION LIMITS (S%1.20)
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' Fig.4.2.12 PRE-DIFFUSER PERFORMANCE—PRE-DIFFUSER No. 2
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Fig.4.213 PRE-DIFFUSER OUTLET KINETIC ENERGY FLUX
COEFFICIENT VARIATION—PRE-DIFFUSER No.2
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S

Fig.4.214 PRE-DIFFUSER OUTLET PRCFILE
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N-D DISTANCE FROM C-C HERD
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Fig.4.3.3 HERD QUTER PROFILES
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Fig 4.3.4
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Fig.435 KEY TO COMBUSTION CHAMBER STATIC
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Figs.3.6 "COMBUSTION CHAMBER'™ STARTIC PRESSURL
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Fig 4.3.7 'COMBUSTION CHBMBER' STRTIC PR
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Fig4.3.8 "COMBUSTION CHAMBER'™ STATIC PRESSURE
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Fig.4.41 PERFORMANCE CHARACTERISTICS FOR REGION 3-4
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Fig 442 HEAD STATION (3i) VELOCITY PROFILE
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Fig.4.4.3 SETTLING LENGTH VELOCITY PROFILES
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Fig4 51 DIVISION OF LOSS THROUGHOUT THE SYSTEM
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Fig.4.5.2 DIVISION OF LOSS THROUGHOUT THE SYSTEM

D = Q.
Ihz 5
100
80
. 60|—
A
X100
\5\:—4 40~
20—
. AANNEIRNNNS
o5 1.0 1.8 2.0 2.5

S—a-————-m

PRE-DIFFUSER No.2 $%1,20

D[hz = 0.8

100
8o
60

®100
4 40

.,?‘lys

20

100

- LZT =



fFig.4.5.3 DIVISION OF LOSS THROUGHOUT THE SYSTEM
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APPENDIX I  DATA ANALYSIS

Al.1 . 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 44 4o

No. of points - :
total profile 42 3034 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.1. 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 layér 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 séts
of three data points, and then using trapizoidal summation.
It was found_that no loss of accuracy over more sophisticated
numericél 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 convenlent way of displaying iﬁformation, these
v.graphical outputs provided a good check on the raw experi-

mental data.



' Fig. AL1
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TABLE A1.2

A
ALPHA
ANH

AR, ARAT
AREF

cP

CPW

DIFF

DR

DSTAR
LAMDA
TMASF
NTP

NSP

NTAB

PS, PSTAT
PT, PTOT
PWALL

Q

RMAX
RUBAR
RS

RW

SPLIT
SUM

THETA
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LIST OF PRINCIPAL SYMBOLS IN ANALYSIS PROGRAM

area, A/n

(=8

- annulus height

area ratio, AR
effective area ratio, ARe
pressure recovery, E;
local wall pressure recovery, pr
pre-diffuser reference number -
step distance

.
J w
loss coefficient, r(-
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, p,,
dynamic head, q
radius at maximum velocity position
ratio of mean velecities (e.g. U1/up)
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 maximuh velocity point

Ss ' relating to flow up to dividing streamline

N,
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-TABLE Al, 3 LISTING OF PERFORMANCE ANALYSIS PROGRAM:

J0a "%

Jongen

LUFURY

NN
PADE®
RN
voLun
LR

Hoeyn

70D

yan

702

740

795

02.8,KAG1752
RF 50000

RAMN

22 '
PLAIN PAPER
$ 2500

E 700

FNT soUPCF

LIRRARY (¢ED,SUBGROUPUSUSB)
PRNGRAI(R502)

INPUT 1 = CRO

QUTPUT 2 % (PO

aUTpYT 4 = CPO

TRACF 2 '

END

MASTER DPAHKID

CALL LTHFUPC120,4,7.2)

REAL LhHDA12uLAHhA anIANDA1ZIfLAHDA141uLAHDA1£0.IAhDA*L.

1 LANDAYL, LAIIDA?G T, LAMDAZAO

REAL LANDAZZ, LAHDARIO, LAMDAZS T LAMDAYS, LAHDh130,IhMGA*3laLAND

1 LAMDAZLT LAMDAGAQ
PINENSTON PSHIf109) JUNDHT

DIMENSTON RURARSS(TIZY,CP1¢101.12)

(101

DINENSTON THETANCE?) . THETASM(12), THFTASS(1?)-QMT(1P)rOMS(nP).
CARNI2Y L ANHII2) LR CTEY L NTR(I2)  NSPCI2Y yNTABY12) ,¥T(S( 12 4P 153,12,

2,95(50 12 PUALLC12), PTITIS0) » YTT (S0 L NTARN(12)

CRMANCIZ2Y, U001, 08,

IRS (LY, NTABS(12Y. vST(50),PSTCSM) , VEL(101),007 01y, unneé1d,1¢y, .
LPTTARCION) vPSTABCIN Y, YT£BCI0D) ,pTAT 101,12, PSTAT 199,74,
50U101.12) JUBARCI2) dALPHAMETI2Y (ALPHASMCI2) c ALPHASS (I 2Y (HM 1 2y,
GRSE (125, 0aM(12), naTAPMCI ) ,DSTARSM(12) ,DRTALSS 12, tURARM{TY ;.

PUBARSM12)  UBARSS (1Y, SUMCT5,12),SuMp (3,12

Y TMASF (1 2),

SMASE (15

BCP%¢12‘.CP<12)-Pr101.1?) RUBARCT2) ,RUBARS(12)  A(1 Y, SUMT (TP,
GSUNZCIP) ASHET2) ASSC12) . COHEY2) ,VELMAX(12).¥YS(S0,12) , UMAX (72!

READC1.700) MDIF
FONMAT(10)
WRITEC(A,720) MDILF
FOPHAT (15)

p0 701 Nno=1.nnip
KEVS0

READ(1.702) DIFF.ARAT.ANG,MDUMP -

FOPHAT?3F0.0,1M)
WRTTE(A,?21) DIFF , MDUMP
FORNATZF10.4,15)

BO 704 NAD=1,MDuUMp
PEADCT.7N5) MTF5T,Dhy
FOPHATCIN,FO. D)
URITF(A,723) HTLﬁTchR
FORNAT I8, F10,4) _

PO 706 NFDE1,MTEST



707

. z.r:

- |

24

4
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READCYT.707) XKBD.KBT/RAA
FORPAT(210.70.0;
PEADCT.29) ulHalFMerARU
FORMAT(Ze0. 0 :
TREADCT L S5) (uMT ), J21,12,2),A1S(1) . QMS(3), Q1S(2), OMS (11 ) s uMp
FORMATIINFD 0 » ‘
60 6 J=1.12,2 o -
TFIKEY EQ. Y. AND I EQ.4Y 6o 10 6 : .
PEADCT 260 WO mWCi+ 1)  NTRCIY  NSDCUY P NTARY D)
1F(KEV En. 1) GO 0 10
REAHEY.8) (YT(H, ) l=t HYP(I))
1F g 67, %, AND 0 LT.8)Y GO TO KBS
READAY.BY (YSC(T, 1) eI=1 HSPCI))Y
FORHAT (100F0.0)
CONTYHNIE
READCYI.OY (PTCI,0) =1 . NTPCIY)
1FC). 6T %, AUp ), Ly.8)Y 60 TO 6
READCA. 9N (pSCT, ) L1 NSPCD))
FORUAT (100F0.0,
CONTTINNE
REXD(T.11) (Pwhtt(!) J=3,92.:2)
FOPHAT (5F0,0)

CHRITE(?,310)

‘WRITFE (2.,4) DDR,ARAT,ANG, kBO:kB! ROA. _
FORHAT (10X, 61Hrt**'**'***t***k**i* TEST RIG GFQMFTRY *EFw ek n by
Toxrunkbnns /10K A H DO AN /ROX TH*, 15X, 230 N~D DUMP GAP(D/DR: =
2F4-2.17X.1H*I10A 1H*, 50K, 1H*/10X,31Hw PRE OVFFUSFR ¢ AREA RATIO
B3 eFh.2.16H INCLYUDED ANGLFR2,FA. T, 7HNEG, * JYOX,AH+.S9X. e/ iny, S1H,
L BLOCHAGECHOMY : THAOTTLE NT ++13,174 ¥ INNER AMNULUS. 13.7# %
BTN s 1w s SOX, Ve 10X TH#,15Y 230 APPROX. FLOW SPLEIT = JF4.2.17%,

GAH+ A0V, 10+ ,59Y, L ETE  W B I TR A R R T L L

Thxephrrpbrbobbeeapivan//)

he
I

PIN=eRAPN-1.12+0:8/13 6

RHNgT=1 222

RHOAR=P" Nt?ﬂa I?un IFFMP

RHOZRHOST*R40F

vise=0 00001455

VIHaSQRT 19,62+ N/ RHD)

PR=BARN/76D,

REDH=3.0+0.0254.vN/VIS(

URIYF (2.7) VIV, pEOH,TEHL,PR.RHOR

FORMAT (15X,264 INLET MAYTMUM VELOrIYY = ,F6.2,80 M/SEC./15X.20H
TINLET PEVNOLDS' NUMBER = LF7.0+6H (N-D)/45X,26H AMRIENT TEMPER,
2TURE = ,F6.1,8H npEu_ K,/15X,268 AMBIENT PRESSURE RATIO = .fe6.3,%V11
3 iplp- IQA)I15f ?76H RIG Aln DENSITY RATIO = ,F6.3,%1HM (D/D=1SA),
4117

BRING TOTAL AND sTATIC PRESSURFS IN 1L INg

no 42 J=4,3,2

DO 43 T=a,M5P(C0)



13
12

601

600

28

16

-

BTN
—
rY -

1

16
15

-

2n

21

22

TPS(1,JY=RS (L, I «nHTY)/QMS ()

CONTTHUE

CONTINYE

DO (,00 J1‘3901212

DO 601 1=1.HSPLYY

PSit,dv=pS(L, 4y . QHT(I)/QMS(J)
COYNTTHNE

CONTINUE

OBTATH HTAD DATH pOINT% FROM ORIGIONAL DATA USING S/R TAB!T
MOz 2

DO 44 1a2+,12,2

ANHEE )Y =puld+1)=quc¢d)

DU EI=ARHOY U EQATCNTAR(YY) =1, 0)
BO 27 T=1,NTP(J;

PYT(I)=pY(L,d)

¥YTT(t)=¥r{(l ,

COHTINUE

no 28 T=1,N5P0d)
TFCJ.GT %, A4Dd, Ly .8) GO 10 28
PST(1)=pS(lJd)

¥YST(I)=YS{T1,4)

-CONTTHNUE
b0 15 t=1,HTABCD)

YTAR(i)=n.0

CALL TABIT <VTAhr1) prTAntl).MURn uTP(l) YYT.PTT)Y
IFCH.6T.3,AHD. ) LT.8Y GO 10 16 .

CALL TaBIT (Yra;rl).pSTnn(t),HORn.usn(J) v%1.qu)
GO TO 7

COUHTINIE

COYTTINIE o ]

1FfJ.GT . 3 AND J LY. 8)Y GO 70 111

QCTy=PT TAB(I)-P TAB(I)

‘GU T0 112

Q{Ty=aPTTABC(])

1F ¢a¢') LE,0.)Y GO To 13
VEL(1)Y=SQRT (A1) '
GO 10 %9

VEL(TY=0.0001

COHTIHUE
YTARCI+1Yy=YTARB({)+DRCJD
COMYINUE

121

MAX=1

VE'H:VFL(MA&) :
FlMps POIRNT OF Nax V?LOL!TY
DIFgYEILH-VEL{I+1)

1F (pIF) 22,22.2%

I Te1

1F ¢I,.0E. NTAB(J;) Gd TO 24
60 10 20

.‘,
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23 12141 5
YFCI.GF ONTAB(I) Y GO 1O 24
60 1O 21 :
24 COMTINUE . :
BRYNG ALL PRESSURES TO SAME REFERENCE (IE Q AT TIME OF INLET 7vHV A
nO 25 TEK=1 NTARC(J) :
URND(CTE  JY=VELCTA)Y 7VELN
37 PTOTCIK, M)2PTTA/ IK) QT 1)/ AGMT(Y)
: QUK , J)aQCIKY M7 CIY/AMT ¢
TFCy. 6T 3. A0D, 1 LT.3Y GO TO 120
PSTATCIK, J)=PSTARCIRY »MMT (1) /ONT ()

120 CONYTHUE

2% CONTINUE
CALCULATH Ne=D VEYQCITY PENFILE
VELHAXfJY=VELM ' '
HTApM (1Y rMAX
NTARHC 41 )= TARCUY~-NTARC )
RHAXCJYaRULI) +FiLOAT(MAX=1)»DR(J)
IF (J.LT.3) GO 10 T4
PHALLCI)Y mPWALLO Y «MT () JOMP
14 CONTTNUE :
AT THIS STAGE WiE HAVE H=h VELOCUITY PROFILES., TOTAL AND STATIC
PRESSURE PROFILES (JHD.PTQT, pPTAT). ALSO DYHAMIC HEAD PROF!LEfQ)
WRITE(?,3() :
30 FOPHAT(//736X,37H VELNCITY AND PRFSSURE PROF!LFQI19X-°6” INLET
10UTLRET  S/LINNER  3/L0UTER HEAD - HEAD 0 ‘ p1 ne
2 PHY BHO/H '
PO 32 T=1,NTAB(D)
WRITF(2,31) UADCL, 1), UNDCLI,L3Y,UNDCI,S) UNDCIL7) ,UNDBLT,.9)+UNDCT 1"
1,PSTATT.1) ,PSTATCI o) PaTATCL P 9),PSTAT(L 1)
31 FORHMATO4SX OF10.3,45F10.2Y
32 couTTHDE ‘
CONVERT TO REAL VELUCLTIFS
D0 34 J1=1,12,2
UNAX (Y =VELHAX () o 3QRT (9. 81%2,0/RHOI «SORT(QUT (1) /QMT(J))
p0 35 Ta1,NTABC(J)
UCT,DD=NDLT , d)»DRANCD)
35 cOnTINDE
34 cOdTIHNE ‘ )
CALCULATF MASS F10Y RATES AT EACH STATION (TMASp=Z2PI+*INTCURDR: #<H{
AND MEAH VELOCIVIES (URAvz 2PI+INT(URDR)JARFA )
CoONsT=A, 2832 :
PO 97 I=41.,3,2
A =RUCI+T) 222l e~
CALL THYFGRAL i 0 HTABCI) ,RUCIY,RUCI+T)SUHI(I), U,101,12, PREID 2
1¢JY,4.0,0,0,1)
rHAsp(')usun1(J)+c0N<Tan0*<25.af1non.0)**£
UBAR(JIY=SUMI(J)/ACI) 2. 0
97 CONTINDE .
SPLIT=THASF(7)/ MASF(5)
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CHTHO=HTAR(1Y)
NTHI=HTAR(Y)
DO 10646 1K= I,NT\R(OJ
PSHTCIEYuPSTATL,V,?)
UHDHTIC(TKYSUND (T . Q)
1066 COUTINUE
CFIND VORTEXZ BOUMDARY AT HEAD
no. 900 J=9,12.2.
=1
ANSCUY=RU (S + ) =Ru( )
: A=?_0
90& CAIL THTEGRAL (1. L NTABCIY ,RUCIIGRUCIT),SUMT () UL, 191,12,0R(J) .91
1¢(d3Y,1.0,0,0,9)
TthF(l) sun1(|)-504qT*RH0f(23 Al1onn 0)+xl+0,866
IF(Y. E0,11) GO o U1
tFIR.GT,.1.5) TMUT=TUASF(I)
ERRI=THASF(I)/ (1. 0+5P1 ITI=TMASF (1)
60 Y0 9202
001 LRE1= THAQF(1)w9pL1TI(1 0+5PLIT)=TMASE ()
IF(R.GT.1.%) TMiHO=THASE(L)Y
6U2 COMTINUE
IF(p.6T.1.5) GO ra Y03 . ‘
IF(ERR2.GT.0,0.AHD.ERRTI T .D.0) 60 TO 905
TFIERRZ21Y.0.0.AND . ERRT,GT . 0.0) GO TO 905
1F(ERR?,AT,0,0.AMD. lRR1 GT, Q0,0 60 1O 9035
G0 TO "0
005 COITINUE
JFLARS(ERRT), LT, ABS(FR921) GO TO 9n7
TF().ED 9) L=LL
TF{J.EQ. a) RU(IY=p
1F{).EQ_11) ARN(J+4)=R
HTABC(J)=N .
SUNY (Y=g
THMASF(.J)=TM
90?7 CONTINUE
ACIYrRW(I+T1 I we2-rUld) #¥2
UBAR({JIIaqUMTICIY A w20
1F(J.EQ_ Q) PpH= L
6O T0 000
003 CONTINUE
ERR2mERRY
N=NTADCJ)
1F{J.EQ,8) (LL=L
1F(J.EQ.Q) L=+
1F(J.EQ.9) R=RU(I)
IF(Y.EQ.Q) RUC(HD epU{II+DR())
1F().EQ, 11) R=RY(CJ+1)
IFC). EQ.41) RUW(J+1I=RU(I+1)~DRCY)
S=ESUMY (D)
THTMASF(J)



900

1109

14

39
40
41
90

91

115
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" B=1 0

6O 10 204
CONTINUE

RE~QRIFEHT THHER HEAD PROFILE
NTAB(SI=NTAB(O)~pN+)

npo 1100 17=1 lNTr}‘H‘(O)
I1S=[T+PH=1

H(1r,92)=0(15,9)
UNDETT,0y=UND(1S.9)
PSTATCIT,?)=PSTAT(TS,9)
PTOT(IT,0)=pT0T(15.9)

TQULIT.?)RQUCEIS, D)

CONTTINUE
CHECK ON CORTINUTTY

CCORRMY = TMAS+(1)/TMASF(3)

CORRM2=THMASF(1)/ tTHAQF(§)+TMA§F(?))

CCOTRMITTMASF (1) /7 CTHASF (D)« TMASF (11))

ERRI=(TMASF(3Y~TMASFCI)Y/TMASF(1)+100.,0
ERRH2=(TMASF(5)+THMASF(7)~TMASF(1)) /THASF(1)+100,0

EROMI=(TMHT+ THHOATNASF I ) /THASF (Y »100,0 .

ERRM2I=(THASE (5)=TMASF (1) /7 (1, 0+SPLIT))ITMA9F(1)w100
ERQH20=(TH#%F(?J—TMASF(1)*QPL{TI(1_0+SPL!TJ)ITMAQF{1)*100;0
ERRMII= (TMHI=THASF(IY /(1 . 0+SPLIT)) /THMASF(1)+100,0
FRRUZO=(TMHO«THASFCIIwSPLIT/ (1. 0SPLITYY/THASF (Y +100°, 0
HSPLITITMHO/THH {

URTTE(Z,38) '

FORMATC///730X, T6HCONTIRUTTY cHErK//31x 15HMASS FLOWS KG/S5/25%,761

TINLET OUTLET S/LINNER S/LOUTER S/LMFAN HEAD 1 HFaAD G

HEAD MEAN/)
THASFI=TMASF(O) +TMASF(ID)
THASFA=TMASEC(S)+THASFE () ' ) '
WRITF (2.39) (THASF(I) +J=1,8,2), THASFL, TMASF(9),TMASF (11), THASF3
FORHMAT/244X.2F3.3,6710,3)
WRITF (2,40)
FORHAT (22X, /34M PERCENTAGE ERROR (RASED ON FNLETY/)

"WRITE(2,41) ERONMT,EZRM2] . ERRMZ2G, ERQH?:ERRMSI.EQRMSO ERRM3

FORMAT(ZOX.7F10,3)
CORRFCT VELOCITIFES TO SATISFY CONTINUITY
PO 00 1=1,NTAR(I)
UCr,3)=ucl. 3)*rupRM1
COMTIHHE .
PO 61 1=1, NTAB(:)
U(T,5)=1¢Tl.,5)+CarrM2
CONTINVE
PO 115 1a1.NTAB(?)
U{1,7)=0¢l.7)+«CorrMd
Owrlwus
CORRECT MEAH VELOCITYES TO SATISFY CGNTINUIFY.ALQO MASS FLOHS MAX
UBAR3Y=UBARCI)Y « CORRMY : :

UBAR(5Y=UBAR(5) +CORRM2
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UBAR(Z)YaUBAR(7)+CORRM?
THASE(I)=THASF (1)
THAQF(S)Y=TMASF(5)Y«fUnRM2
THASF(7)=THMASF(?YsLlUrpH?
UBARMI= (HBAR(Q):A(°)+UﬂAP(11)*A(11))/(A(O)*A(11))
UBARMA= (UBAR(S)Y «A(S)+UBAR(7I*A(?))/(A(S)+A(T7))
UMAX (Y =UMAXE(I) A CORRM
UMAX (S5)sUHAX(S5)Y+ CORAMZ
UMAX(7 Y= UMAX(7) s LORRM2 :
WRITE(2,36) (UHAXC(LM) ,LHM=1,492,2) .
36 FORMAT(/ 21X, 20HMAX VELOCIYIES M/S  L4F10,3,10X,2F%0.3.7)"
UWRITEC(2,42) UBA&(1);UBAR(3).UBAR(S).UBAR(?).UBARM«.UBAR(9).UBAR(W1
1) HpARNT
42 FORMAT /79X, 20HNEAN VELOCITIES MIS (BFI0.3)
WRITFE(2,47) SPLiT,ASpPLIT
47 FORMAT(///37X,F5.3:15H (RASED ON S/L) /15X, 22HFL0W SPLIT RATIO (S
T = /37%,F5.3,16H (BASED ON HEAD)//)
FIND $~=5 AT P~D INLET AND OUTLET
DU 4& J=1c3 2
2220 ‘ -
| RS{J)= CRUCI+1) +RU(4)) /2,0 '
93 CALL INTFGRALC(T,O, JTABQ(I) RW{d ), RS(J) SUM3¢S) ,u.,101,12,DREID . RUCL
1%:1,0,0,0,4) _
SHAqF(J) SUNI LY+ CONST*RHN+(R5.4/1000, 0)**2
SHASFC(JI+1)I2TMASF(J)Y=SHASF (L)
PSPLIT=SMASF(J+1)/5HASF ()
ERR=SPLIT=PSPLIT -
1F(2.67.4.0) GO 71O 150 '
NDIF=TABS(NTABSI=NTARBS (J))
TF(NDIF . EQ. Q) G0 10 154
TF(NDIF.G6T.1)Y G YO 150
1F(ERR.GT.0,0) Gn TO 951
TF(ERRT.LT.O,0) 60 TO 150
GO 0 152
137 JF{ERRY.6T7.0,0) Go Yo 150
152 1FEC(ABSC(ERR)Y,GT.ARSCERRT))Y NTARS(J)=eNTABSY
TF(ABS(ERK) ,GT.ARS(ERRT))Y RSUJ)=RS
60 10 154
150 72=0.0
' ERRY=EQR
NTABSJ=NTABRS(J)
RSJaRS I
RS(J)*PS(J)+<TMA<;<5)-<MASF(J)>ITHASF(J)t<Rw(J+1)-Ru(J))
60 10 93
154 CONTINUE
45 CONTINUE
&4 COMTINUE
WRITE(2,706) RS(1):NTABS(1).RS(3)tNTABS(3)aRH(9),NTA3(9)rRu(1?):N
1AB(11)
Q06 FORIMATC(//10X,48HFINAL TTTERATION RESULTS FOR S§ AND VORTEX LIMIT,.



- 1471 -

410X, 27HS/S-VORTEX LIMYIT NO OF PTS,/SX,10HINLET CF6.3,10X, 14,
25X, 10H0UTLETY ,F6-3.10x.14,/5x.10HHEAD 1 dFO. 3 AN T4, /S Y0
"IHEAD O F6.3,104614)

FORM THTFGRALS OF UDsUnv2, Uww3

HEAN PROFILES,PROFILES SPLIT ABOUT MAX VELOCITY AND $=§

P 100 J=1.12.2

po 04 1=21,3 :

CALL IHTFGRAL(I.O NTABCS) RWCID pRWCI+T) ,SUMCT ), UND 101412, DR (I,
TRW{Y 1, 0,0,0,J) -

CALL INTFGRAL(I.O NTABMCL)Y (RW(S), RHAX(J).SUM((1+3).J).UND 104,12,
TDROIYSRYCII 1.0,0,0.0)

CALL INTEGRAL(ILNTABM(J),NTARCY), RHAX(J):RW(J+1).SUM((!*6)aJ) usg,
1901 ,12,pRrCd) (RMAX (L) 01.0.2,.0,0)

IF(J GT.3) G0 TU Q4

CALL INTEGRAL(Y,0,HTABS(SY,RW(J), RSCJ) 1 SUML(T49),4) ,UND, 101,12,
CADRCIY S RUCIY,1.0,0.0,0)

CALL INTFGQAI(!.NTABS(J).NTAB(J) RSECII/RWI+T) o sUME(T+12) 505, UND,
1101 12 ,f)R(J);RQ;(i)r'i 0.0, 0,9)

94 CONT!NU[
100 cQuTINUE

101

D0 101 J=1,12,2

CALCULAT MEAN R/1 PARAMETERS

DSTARMCYY=(ACI) /2, Q/RH(J‘vSUH(1cJ)lRU(J))*100 JANH ()Y
THETAB Y s (SUNCT, J)=SUM(2, 8 FRUWEIY #1100, FANHLY)

HME )Y =DSTARN(J) /THETAMC)

UBARMCI)=2.0#SUNCY Y FALD)Y : ,
ALPHAM(IY=2, 0+SUM(3 ¢ ) /ACSY/UBARMC ) w3} | :
CONTIHUE

B/L PARAMETERS SPLIT ABOUT MAx VELOCITY POINT
pG 02 J=1.12.2

ASH(II=RMAX(U DI *+ 2 =RN(J) %%
ASM(I+1)=2RW(J+1) v Z=RMAX () %2
UBARSNCII=2, 0«5 UM4rd)ASHEY)
UBARSH(J+1)=2 0#8UNC?2, 02 /A5MCI+1)
DSTARSMCAIBC(ASMOUIY /. 0/RUCIY=SUNCL,JIY/RUCIII*IN0. OZANHCS)
DSTARSH(SI+1 )= (ASHCI*1) /2. 0/RUCIH1) wSUMCT 3D /RWCI+1Y ) #1000 7ANH (3D
THETASM(JI=(SUHCL, ) =sUHeS5, )X /RUC)»+100,.0/ANH))
THETASH(I+1)3(SUMC7r ) =SUMCB,d) Y /RUCI+T)I+100, QIANH(J)
HSM(J)=DSTARSHCUY/THETASM(Y)

HSM(J+1)2DSTARSHCI+I) /THEYASM( ) 44)

ALPHASH () =2, 0 51UM(G, J)/ngM(J)/ueAasntJ)**s
ALPHASH(I+1)m2.02UMCO )Y JASM(JI+1) JUBARSM(S+1) *ed

TFC).GT.3) .GN TO 1042 .

B/t PARAMETERS SpILIF ABOUT sls

ASSeJI=Rs () e e2~pyy{d) w2 .

ASSUJ+1)SRU(I+1)+#2"R5(JIwe2

UBARSS(J)ISZ,0+«SUM10,.1)/285¢d)

URBARSS(J41)=22, 045UM(13.JY/ASS (1)

DSTARSJ(J)=(A§§(J)/3 0/R4CY)= sUH<1o.J)InutJ>)*1on n/(QH(J+1J-dw(J1
1)

o’
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"DSTARSS(I+1)IR(ASSI*1Y /2. O/RWEI 1) =SUN(13, J)!RU(J+1))*100 g {RW S
11)=-pUIY)
THETASS (l)”(SUH(10rJ)-SUM(11rJ))/Rw(J)*100.ﬂl(Rw(J¢1)-RM(J?)
THETASS(J+1)=(SUMCTS3,U)=SUMCT14+))/RUCIHIIFI00 . 0/ (RUCI+T)=RUWCEII D
HSS(JI=SDSTARSS (I /THETASS(J)
HSS¢I+1)=DSTARSH(JIHV)/THFTASS (J+1)
ALPHASS (U)22,0+450M 012, 0) 7ASSLI) JUBARSS (I wed
ALPHASS (U+1)=m2, 0*qUH(15.J)/ASs(J*1)/UBARSS<J+1)**3
102 CONTINUE
: WRTTE ALL B/L PARAMETERS
WRITE(?,310)
WRITF(2,103) DIFF,DDR,SPIIY '

103 FORMATC(/ 76X, 4THROUNDARY LAYER PARAMETERS FOR DIFFUSER NO.F& 0,10H
ApUMp GAp LF3,1,11H FLOVW SpLIT, Fa,.3,//717X,9HUBRARJUMAX +R8X,11HDEITAY"
2AR %, 9Y ,PHTHETA %, 8X,12HSHAPE FACTOR, 10X, SHALPHA/ /49X, hHMEAN 16X .y
IHMEAN 14X o bHMEAN , 14A GHMFAN , Y4X yLHMEANTS) :

WRITE(?,52) UBARM(1),DSTARM(T) + THETAMCT) JHM(1) JALPHAM(T)

52 FORMAT (2 SHINLET, A F10, 4,1 X e F7 a3 vt R F7 3,41 %, F7.0,92X F7.41)
WRITF(?,83) UBARM(3),DSTARM(S) (THETAM(3) , HM(3), ALPHAM(3)

53 FURHAT(6Xr6H0UTLETc¢:KfF"l‘).lil“1er?.3r11XJF?.3111X--F?--.&r12.‘f-?7-¢/‘3
WRITE(2,54) UBARMCD) (DSTARM(S) s THETAM(S) ,HM(3) , ALPHAM(S)

56 FORHATCAX (BHS/LINNER  2X F10,4 . 14X F7. 30 11X F7.3,1 U0, F7.4012X, F? 4
1)
WRITEL2,55) UBARM(T) (DSTARML7 Y+ THETARL7 ) . HM(7) . ALPHAN(?)

55 FORMAT (AX  BHS/LOUTER,2X,F10,4, TIX e 8730 11XeF7. 3,11 F7.6¢ 12X, F7 .4
1)
HRITEL2,604) UBARM(YY,DSTARM(D), THFTAH(Q).HH(Q) ALPHAM(S)

604 FORMAT(2X TOHHEAD INNER,2X,F10.4,11X,F7.3, 11x.r7 3L,AVKF7.4,12%,
1F7.417)

WRITE(2,605) URBARMCIT) (DSTARMCT1Y hTHETAM(IT) W HM (1 1Y LALPHAN (I )

G605 FORMAT(ZX.TOHRNHEAD OUTER:?LF10-4;11X.F?.3.11X:F?.5.11X-F7.&.1?X-

fF7.4117)
WRITE(2,568) » : ,

56 FORHAT(414X, B6HINNER OUTER INNER QUTER INNER OUTER
1 INHER QUTER INNER OUTER// 28X, 47HSPLIT BOUNDARY LAYER

2PARAMETERS (ABOUT MAX VEL)Y/)
WRITE(2,57) UBARSH{1)Y,HBARSM(2) (DSTARSM(1) ,DSTARSHM(2),THETASM(1),
THETASHI2Y JHSMCT ), HSNE2Y cALPHASM(1) ,ALPHASM(?)

S7 FORMATI?X  SHINLET,F3,4,F9 4,8F9,34/7)
WRITE(?,58) uaAusutéa UBARSM(A) s DSTARSM(3) ., hoARSM(A).THFTASM(SJ.
THETASHOAY JHSM(Z) (HSHMCA) P ALPHASH(Z) ;ALPHASH(A)

583 FORPAT(OXOHOUTLET FB,4,F9 . 4,&F9.3,/)
WRITE(?,59) UBARSM(3),UBARSM(A) 4DSTARSM(S5) (DSTARSM(S6), THETASM(S).,
THETASHGE) dHSMUS) ,HSHC7 Y ALPHASH(S) ,ALPHASM(A)

5¢ FORMAT(4AX,BHS/LINNER,FR. L ,FD.4-,8F9.3.,/) ,
WRITFE(2,60) UBARSM(7)Y,UBARSM(8) (DSTARSM(?) DSTARSM(R) ,THETASM(7),
TTHETASHM(R) +HSM(T) ,HIM(A) .ALPHASH(7Y , ALPHASH(8)

60 FORMAT(4X,BHS/LOUTER,F8.4A,F9.4:8F9.3.,/)
WRITE (2,607) upAeSH9)Y ,URBARSM(IN), D%TARSH(Q).DQTARSH(10).THFTASM
19) e THETASHMCIO) o dSMIY)Y ,HSH(10) LALPHASM(I) ,ALPHASM10)
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607 FORMAT(2X,1OHHEAD THNER, FB.A+F9,4+8FG.3, /)
WRITE(Z,608) UBARSH(T11) ,UIRARSHM(12) ,DSTARSM(14),pSTARSM(12) (THFTAS
P11 THETASHCI2) L HESME1T) L HSHCI2) ,ALPHASHCT11) JALPHASH(12)
608 FORMAT(2X,10HHEAD QUTER, FR. A FP.418F9.5,7)
WRITE(2,61) :
61 FORMAT(28X, LIHSPLIT BOUNDARY LAYER PARAMETERS (AROUT S/S) /M)
WRITE(D,62) UBARSS(I),UBARSS(2) yDSTARSSC(1) +DSTARSS () , THETASS 1),
THETASS2) s HSS (T, HSSE2) rALPHASS (1) ,ALPHASS(2) _
62 FORHATI?Y SHINLEY,F3 4/ FY 4 ,8F9,3,/)
NR!TE(?.63)_UBA&SS(5) UBARSS (L) ,DSTAPSS(3) ' DSTARSS (L), THETASS(3) .
THETASS(4A) , HSS(3) L HSSCA) yALPHASSCZ) ,ALPHASS (4) . .
63 FORHAT(6X6HOUTLET FB.41FO,4,8F9.3,/)
CALCULATE UsAR/UBARY '
DO ?1 |'=1I1Zl2
RUBARCII=UBARMEI) JUBARM(I) wYUMAX(S) JUMAXC(T)
1F(J.G6T,.3)G0 7O 77
RUBARSSCJISUBARSS (J) JUBARSS (1Y *UMAN(J) FUMAX (1)
RURARSS(J+1)=UBRARSSCI+T1) JUBARSS(2) «UMAX L)Y FUMAX (Y1)
RUBANSCYIYSHBARSSCUYJUBARMCIY *UMAX Ca) JUMAX (Y)Y
RUBARS (J+1)=UBARSS(I+1)/UBARMCTI) »UMAX (J) 7UMAX (1)
GO 0 71 ‘ '
77 RUBARSS (L) SUBARNCYI/UBARSS (1) »UMAX(JI/UMAX (1)
: RUBARS CIJYSUBARMCAY/UBARM (1Y «UMAX CJY /HMAX ()
71 CONTIHUE _ _
START Cn  CALCULATION
QBAR:OHT(1)*UBA{H(1)**Z*AlPHAH(1)
pO 72 1=1.12.2 :
IF ¢(J.G7T.3.AND.J.LT,8) GO 10 72
PO 95 1=a1,HTARBC4)
POY,d)=pSTAT(T »u)aUND(T,))
95 CONTINUE
CALL INTFGRAL(Y.,D, ”TAB(J).RH(J7;RH(J+1);SUMP(1 J):P'1ﬂ1 12.0R¢d ).
TRUCIY »1.0,0,0,0)
72 CONTIHUE
CALCULATE MEAN CPS
CPMiIn2 0«SUIPCY 1) /AL1)/IBARM(Y) /QBAR
CPUCE)=pWALL(3Y/NBAR
CPM2aCpyc3Y+2 . 0«suUMP (Y, 5\/A(3)IQ8AR/UBARM(3) o T L
CALCULATE SPLIT CpS
DO - 73 J=1,4,2
CALL I“TFGRAL(1 0, NTABS(J) RN(J).RS(J) SUHP(Z:J) P,101,12:DR(J) R
1¢4)Y,1.0,0,0,3)
CALL INTFGRAL<1.MTABS(J) NTABC(JSY, Rq(J) RWCJI+1) ., SUMP(3,0) 4P 101 12
1ORCEY P RSCIY1.0,0,000)
73 COMTINUE
CRS¢Y)=2 . OtsUMP‘Z 1J/As5(1)IUHAR§S(1)/QBAR .
CPS(2)=2. 0+3SUNMPC(Z,T)/ASSL2Y/UBARSS(2)/NBAR
CPS(3)=2.0+«SUNP(2,3) JASS(3)/URARSS(3)/QBAR +CPW(3)~LPS(1)
CPS(A)=2. 0+5UNP(3, 3)/A<S<4)/UBARss<a)/naAp +CPUCSIEPR(2)
CP(5)=PUALL(5)IQBAR~CPS(1)
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CP(?)"PHALL(?)/QBA"“CPS(?)

CPN4= (FP(S)*THASFfJ)#CP(?)tTHASF(?))/THAQF(1)

CP24=CPb-CPH2

CP24L1=Cp(SY-LPS(3)

CP24L0anCp(7)=CPS (i)

CPU(OY=pWALLC(?)/QBAR

CRPUTI)=pUALL(11)Y/NBAR

CPOY=CpU(F)Y+2, d+sIP(1,9Y/A(D)/BAR/UBRARM(G Y= rps<1)

CPU4 ) =CpUWCTI)+2,0+5UMP (1L, 11)Y/ACIIY/0BARJUBARM (1) =CPS(2)
rpnza(rp(Q)oTHA,F(JJ+CP(11)*TMA&F(?))ITMasF(1)

CP12=CPH?

CP1213Cps(3)

CPpiz2o=Cps(é)

LP23=CPHuT~CpM2

CP2313Cp(9)=CP5(3)

CPP30=Cp(11)~CP5(4)

CP34=CPH4=CPH3

CP3LI=CP(S)~LP(9)

CP340=Cp(?)-CP{11)

CP14L=CDPNL

CPI4I=Cp(3)

CPI4O=CpC7)

CPRA=CPI14~CP12 : :

CP241=Cpi141-CP1 2] . _ ' ~
CP240=CPp140=-LP120

CP13=CPM3

CP13I=CPp (D)

CP13n=Cpt11)

START CALCULATION OF LOSS COEFFICIENTS (REF, MFEAN TNLET)
LAHNDATI?=21 . 0-ALPHAMAMEIY JALPHAMCI Y Y RURARCI ) %% 2 ~CPM2
LAMDA120=ALPHA§S(2)/ALPHﬁH(1)*RUBARS(Z)**Z ALPHASS (A JALPHAM(1 ) *
TRUBARS(4)%#2-CPS5(4)

LANDAT2I=ALPHASS (1Y /ALPHAMCI) #RURARS (1) #w2=ALPHASS (3 /ALPHAHC Y ) »
FRURARS(ZY %+ 2=(CPS(3)

LAMDATATI=ALPHASS (1) ZALPHAMCI) »RUBARS (1) w2 ~ALPHAM(S) /ALPHAM (1 %R
FARS(S5)Y*w2~CP(5)

LAHNDAT L= ALPHAsS(?)/ALPHAM(1)*RUBARS(Z)*iz ALPHAM(Z)/ALPRAM (1) RN
1ARS (7)) w22~ CP(7)
LAHDA1L=(LAHDA1»I*THASF(‘)+LAMDA140*TMASF(f))/TMAGF(1)
LAMDAZL= AMDAYT A= ATIDAY 2

LAMDAZATI=LANDAT LI =L AMDA121

LAMDAZAO=LAMDAT 40~LAMDAT2D

LAMDATSIcALPHASS (Y)Y FALPHAM (1Y WRURARS (1 ) # 2= ALPHAM(R ) JALPHAM (4 RN
TARS (9)*#2~CP131 _
LANDAYTIO=ALPHASS(2Y/ALPHAMCYI) *RUBARS(2) % w2~ ALPHAM(11 ) JALPHAN (1) =R
1BARS (11 %4 2-CP132D

LAMDAY 3= (LAHDA1JI*THASF(S)+LAHDA130*TMASF{?))/TMA?F(1)
LAMDAZ3I= 1 AMDAT 3= AMDAN2

LAMDAZS I=LAMDATI3T-LAMDAY 2]

LAMDAZIOeLANDAT30-LAMDAY2D
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CLAMDAZLZ=U ARDATA~LANDAY3

LANDAZLI=LAMDATAL~LAMDATSY

LAMDABLN=LAHDATLO-LAMDAT 3D

CALCULATE AREA RATIOS

ART2=AC3Y/A()

ARVAR(A(R)Y+A(ZI /ALY

ARIZ=CA(Y+A{11)Y /A1) D, 866

ARZL=(A(G)+A(PY I TACSY |

ARBL=CA(SI+A(TI Y/ (ACO)+AC11) )0 ,866 .

ART2Im=ASS(3)/ALY)

ARY20=ASS (6 /ALY

ARVLISA(SY/ACY)

ARVLD=A(ZY /A

AR241=2A(5)7A(3)

ARZ240= A(?)fA(B)

ARILISA(S)/ (A(DY+ACTI4YI/ D, 866

AR340=A<?)!(A(°)+AC11))10 8566

ARZ2ZI=4(9Y/A(3)«0 866

AR?30=A(11)/A(3)+0 . 346

AR2ZI=(A(O)I+AC11))/7A(3)*0 846

ARTII=RA(OI/ACTIY <0 Bo6

ART30=A(13)Y/ACT)+0.846

CALCULATE IDEAL CpS AND FTAS

CPI2u1.0-1.0/ART2+4+2/ALPHAMC) :

CPL4=Y 0=, 0708, 0+5PLTT))we3x(1, OI(A(S)**ZIA(1)**2)+SPLIT**3/fA(i
1)**?/Af1)**2))lnlpWAnc1)

CPIZaT1 . 0~C1,.0/CT.0SPLET) w3 (Y, 0/AR13I**2+§PL1T**SIAR130**? /ALY
1HAN (1)

AREF44=8aRT(1.0/(4,0~ CPIA)IALPHAM(1))
AREF13=§0RT(1,0/(1.0=CPI3)/ALPHAM(1))

AREF23=AREF13/A12

AREF24=AREFTA/ARY?

ETA2=CPu2/Cp12+10ig. Y

FTAZ=CPHUZ/CPI3«100.V

ETALSCPHA/CPTIA*TQOD.U

REP=mO N

URTITE(2,310)

WRITE(2,305) DIFF,DDR,SPIIT

FORMAT (/76X ,3BHPFRFORMANCE PARAMETYERS FOR DIFFUSFR NO,F3.0,90H DU
1P GAP . F3.1,11H £ 0W SPLIT,F6.3,//18X,19HPRESSURF RECOVERIES,SX. 1)
PHLOSS COFFFICIENTS X, AHETA%S 10X, T4HAREA RATIOS, /16X B6HMEAN ]
INNER OUTER MEAN INNER. QUTER MEAN TNNE
4R OUTER/) - :
URTTE(2,6409)

H00 FORHAT(29X 42HBASED NN OVERALL INLEY M. W, M, DYNAH]C HEAD15%,23HE!

1FECTIVE HHEAN 1INLEY,/)

617 WRITE(?2,610) CP12,CP121,Cp120, LAMDA1? LAMDAY2T, LAMnA1?0 ETAZ . ARY?,

1TART21+ARY20 - -

10 FORMAT(IX,VIHOUTLET(1=2).40F9,3,/)

WRITE(Z, 641) CP13,CP131,cp130, LAMDA1§cLAMDA131 LAHDA130 ETA3 AREF"’
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13.hn13! AR130
617, FORNAT (33X, QHHEAD(1~3),10F0, 3./)
WRITEC2,612) CP14,CP14L,0p140, LAMDAYA,LAMDAYLY, LAMDAYTLOETAL.AREF”
14, A0161, AR 40
617 FORMATCLY . 8HS/L(4=4) ,10F9 . .3,/)
URITE(?,613) CP23, CP?3I Cpe30, LAMDAZZ, LAMDAZIL, LAMDAZ30,AREF23.AR;
131, AR23D
613 FORMATCLXBH{2=3) .6F?.3.9X.3F9.3;1)
WRITE(?,614) CP24,CPR24L,cp240, LAMDAZA . LAMDAZL]L, | AMDAZ2LO,AREF26L, AR
141 AR2L0
614 FORMAT (40, 8H{2=4) (6F9.3,0X,3F9.3,/)
WRITE(2,619) CP34,0P34Y,6p340, LAMDASA, LAMDAZLL, LAMDASAO AR§4I ARZ.
10
615 FORHATtax.BH(snt) '6F9.3,18%:2F%.3)
IF(REP.GT.0.5) GO TO 618
CONT=1, OIRUﬁAR§(1)t*?*ALDHAM(1)IALPHAS§(1)
COND=1. OIRUﬁARq\?)**?*AL?HAH(1)IALPHASGC?)
CP121aCpi2T«CONY
CP13I=Cp12T«CONY
CPILTI=CP14Y«CONY
CP231=Cp23T1+CONY
CPPLIECP24) «CONY
CPILIslpRil «CONY
CP120=0p120+C0ON2
CP13n=Cp130xCON2
CPILOsCP1L0xC0ON2
CP230=Cp230+0ON2
CP240=Cp240«CON?
CPI&LN=CPpRL0xCONZ.
LAMDAT?2 1 =LAMDAT 21 xCUNY
LANDALIIaLAMDATI 1 CURY
LANDAT AT =LAMDAT G« CONY
LAMBAZ23I=LAHDAZ23 1+ COUNY
LAMDAZAI=LAIDAZ 4T« CUNY
LANDAZAI = LAHDAS,L T+ CONY
LAMDATI20=LAHDAY20+CON2
LAMDAT 30=LADAA 30« CUN2
LANDATAO=LAMDATAOACON2
CLANDA230=LAMDAZ30+COND
LAHDAZLO=LANDAZ24L0RCONZ
LANDASAO=LAMDAILORCON2
AR121=Ass (X)) /AS5 (1)
ART205As8(4)/AS85(?)
ARTLI=A(R)FA8S (1)
ARTLOSA(T7Y/ASS(2)
AR24T1=A(8)/ASS(S)Y
AR240=A(7)/ASS ()
ARI1ZI=A(OY/ASSC1Y«0, 866
TARTZO=A(Y1)/ASS(2)%0, 866
AREF24=ARZS :



616

618

619
620

- 147 -

-ARCE14=ARTA

AREF13=AR1S

AREF?23=Anr23

AR231=A(0)/ASS(3Y+0,R66

AR230=A(11)/ASS(4Y+U, B6S

ARZLI=A(SY/A(9Y/0 804

AR340= A(?)/A(11)IO 866

WRITE(?,616) :

FORHAT(21X W 40HBASED oN SPLIT INLET M.W.M, DYNAHMIC HEAD,17X.23HGEOL

1ETRIC SPLIY THLET./)

REP=1,0

60 TO 617

CONTINUE
€03 = (UBAnm(1)*UMAA<1)IURARMCK)/UHAX(K))**Z*ALPHAM(1)/ALPHAM(?)f

TCONY

CON4=(UBARH(1)*UMAX(1)/UBARM(%)IUHAerJ)**2*ALPHAMr1)/ALPHAM(%)i

1COND

CONS=Y . Q/RUBARS(O) ¢+ *2%ALCHAM(1) JALPHAM(9) /CONT
COHNA=Y L O/RUBARSC(11 ) 42 %ALPHAN I 7A PHAM(A1) /COND
CONZ=CURARM(3) JURARSS(3) I+ 2«ALPHAM () /ALPHASS(3)

CONR=(UBARM(IY /URARSS (L)) ww2%ALPHAMECZ) /ALPHASS (L)

CONO=(URARM(I) «UMAX (1Y JURBARMEZ)Y JUMAX (B3 )% * 2« ALPHAMCI) JALPHAM ()
Q31=21.07(1.0+SPLITI* (UBARM(D) «UMAX(D) ) v« 2w ALPHAN(Y)
N30asPLIT/ (T, 0+SpLII)w:URARH(11)*UnAx(11))**?*ALPHAM(11)
03231430 - .
Q1u(UBARM(1)*UHAX(1))**2*ALP“AU(1)

conN10=01/703 :

EP34=CP34*CONTO

LAMDAZA=1I AMDAZARCONHTO

CP23=CP23+CUNT

CP24=CP2LeLONQ

CP231=Cp231+CON3

CP230=Cp230+CONY, o :

CP24T1=Cp24TIwCONTS ’

CP240=CprdiOxCON,, '

CP3I41xCpRAT-CONS

CP340=Cp34&0+CONo

LANDAR 3= 1 AMDARI - CONY

LAMDAZ2 4= AMDAZL~CONY

LAMDAZ3I=LANDAZ231+C0N3

LANDAZ23I0=LAMDA230+LON4

LANDA2AT=LAMDARLT2CUNT

LANDA2ALO=LANDAZLO+CUNG

LAMDAZAI=LAIIDA3, 1+ CONS

LANDAZLO=LAMDAZLO+CUNG

URITE(2,619)

FORHMAT (390X 48HBASED ON UVERALL LOCAL INLET M. W.pM, BYNAMIC HEAD./1
WRITE(2,620) Cp23,CP231,0p230, LAMDAR23,LAMDAZ23], LAMBDAZ3C

'rOPuAT(Ax.SH(z =-3) 1 6F% .3, /)

- WRITE(2,6271) CP24,CP24T,0p240, LAMDA24,LAMDAZSLT, LAMDAZLO

L]



6219

622

623

624

625
310

636

635

630

632
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TFORMAT (44X, BH(2=4) .6F9 3.0

WRITE(2,622) CP34,CP341:r0340,LANDASA,LAMDASAT, LAHDA40
FORHAT (4¥ 1 BH(3=4) L6F9 . 3)

LAMDA23 1= LAHDARS T #CUNT

LANDAZ23O=LANDAZ23Nn+CUNS

LANDAZAT=LANDAZGY # CONT

LAMDBAZLO=LANDARADaLONA

CP231=Cp231+«CONY

CP?230=rp230+CONG

CP24LI=0pRrhI«CONTY

CR24L0=CPp24L0«CONR

WRITE(2,623)

FORMAT (40X, 46HBASED ON SPLIT LOGAL INLET M.W,M, DYNAMIC HEAD,/)

WRITFE(?,624) CP231.CP230, LAMDAZ3T, LAMDAZZD
FORMATT4X  BH{2=3) IQKIZFQ'SJQXIZFQ-SII)
WRITE(2,625) CP24T1.Cp240, LAMDAZAY + 1 AMDARALD
FORMAT (43 Bif(2=4) OX PFR.3,9%X 2693 )
FORMAT (1H1)

URITE(A,634) NTARB(3) JNTAB(S) ' NTAB(7) , NTHI,NTHO

FORMAT(515)

WRITEC(L,635) SspuLty ' N
FORMATCFS0.4).

PO 630 I=71:NTADC3)

CPL(1,3)= (DSTAT(I.3)¢PwALL(3))IQnAR-rPM1

CONTEINUE - :

PO 632 1=1:NTHI

KENTHI~T+1 .

CPL(T @)= (PSHI(KI+PWALL(G))Y/QRAR~CPMI

UHD (T ,2)=UNDRI(X)

CONTINUE '

DO 633 1=1,NTHO

633
636
637

633

706
704
701

CPLCT T IB(PSTAT (V1) «PWALLCIY))/QBAR=CPMY
CONTINUE

po 636 J=303v2

WRITEC(L,637) (UNDCT+J) 121, NTAB(S))
CouTIuE

WRITF(A,637) (UNDCT,9) o124 ,NTHI)
WRITFC(L,A37) C(UNDCT 11),1=1,HTHO)
FORMAT(13F6.,3)

WRITE(L,638) (CPL(I«3)I21,NTAB(3)) .
WRITEC(L,638) (CPL(T+9)Y I=1.NTHI])
WRITE(L,638) (CPL(I+11),1=1,NTHD)
FORHAT(11F7.,3)

KEVa1

CONTINUE

CONTINUE

CONTINUE

STOp

-EHD
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" SURROUTINE INTFGRALCIPOVER, N1, N2,RY,R2,SUMV,NR,NC

DIMENSTON V(NR HC) ., FACT(?OO)rﬂ(ZOO)
IF (HYT.EGg.O0) Ni=t

sUn=a,0

DO 1 I=N4.NR

R{OIY=RY4FLOAT(I~N1)¥*DR

R{I+1) = R{1Y+DR

FACT(I Y=V (T, ) *»+ I pQWER*R(T)

Ks=let

FACTERYnu( (K, J)eatpOWERR (K

SUMaSUNLFACTCI)FALT (KD

TFCRCKY ,GE. (R2-0, S*DR)) GO0 TO 2
rOHTINUE

He=g

SUN m SUMDR/Z2.1)

RETURH

FHD

SUBROUTIHE TARYT (Xé¥, M/ N,VARIVARD)
DIMENSTON VARICH) VARD (NI ,V(3) rYY(2)
YF O (M.EQ.0,AND.N,EQ.OY 60 TO 1

TF(M.EQ Q.AND.N,NE.U) GO TO 97

IFCN.LE, TABS(M)) GO v0O 97

TF(N.GT,0) GO Tu 31

M. LY. O
DO 44 TYY=1,M
I=1vy
TF(VARTI (1)Y=X)800:117.,44
COUTINUE
T=NeM

CTF XLLT XCN) EXTRAPOLATE

IF(H.EQ,=1)G0 TO RO1
GO T0 802
IF X.GT, XC1),EXTRAPOLAYE
IFCI.EQ.1,AND. M. EQ.~1) GN TO 804
IF(1.EQ. 1, AND,.M EQ."2) GO YO 802
FF(N.NE.»1) GO TO 622

TEX -
1271
TFCYART(3) L LE,VARI(L+1)) 60 TO 97
GO 10 1701

Me=-2
TFCI.NE_N) GO TO 16&?
19Hw2 _
GO 10 302

COMPARE WITH NEXT
IF(VART(1+1)«X)803.:%7,97
1214
1FCL. EO 1) GO TO 80&

SEFE WHICH THREE

TFCVART(I=1)=X)  LT4 (X=VART (T+2))) 1=1=1

4

+DRRY U, ANG )
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802 IF(VARTI(1)},LE.VART(1+1),0R VARI(1+1) LE, VARI(I+2))60 TO L
60 10 1702
C ww¥ 1.67.0
31 b0 & IvyY=1.Y4
Colmtyy
1F (X~ VAR!(I))?Ou,119 4
4 CONTINUE
I2Hmiq
L A IF X.GT, X(N}, FKTRAPOLATE
TF(.EQ %) GO To 701
G0 710 ?02
% ek TF X LT, X(1) . eXTRAPOLATE
700 TF(L . EQ. Y. AND.M . Fa.T) GO TO 7O
IF(L.EQ VY, AND, M. FG. &Y GO TD 702
1F(H,HE_ V) GO TO 22¢
C wxe - M=
Islmq
701 TEC(VARY (1+1),LE . vARI(I)) GO TO 97
T www LINEAR
1701 YR{UARD I *(VARTI(I+1)mX) =~ VARD(I+1)#(VARI(I) ¥/
1 (VMARICI+1)=VARI(1)?
RETURN
£ hww H=2
222 TFCT.NE_NY GO TO 1242
158N w?
60 10 707
C #¥sx COMPARE WITiH HEXT
1222 TF(X-VARI(I+1))}703.%7,97
=~ 703 15Ta1
IFCI.ER. 1) GO Tu 702
£ ewwx SEF WHICH THgtE
IFCUX=VARTCIm1)) LT (VART (T #2Y=XY) 1t -1
702 TFCVART(TI+T1), LE_VARIC(Y) , On, VAHI(!*") LE, VAR1(1+1)) GO0 Y0 9(
C www SECOND ORDER
C 4702 V(1)sVARTI(T) =X
V{2)eVART(T1+%1)-X
V(3y=VART(I+2) =X
Ks]
po 706 Jo1.2
YY{JISIVARDCKY #V(J+1 )= VARD(K#1 ) ¥V (D) Y/ (VARF(K+1)=VART (K))
704 K=Ket '
V(YY) « V(3 =YV(2) ey (1)) J(VART(1+2)=VARLI(]))
RETURN
C wwr 2ERQ ORDER. (Y:Y(T))
4 YSVARD (1)
RETURN
C wk¥ y=Y(1)
119 Y=VARDI{1)
RETURN

Lo |

&



L okeww

V7
103

1103
55

1104

LR 2 2

= 151 &

FRROR PRINT
WRITE(2,103) :
FORMAT(1%,31H Err0oR WAS LNCOUNTERED IN FTLUP)Y
WRITE(2,1103) M, N, X
FORHATC(I1X ., 2HM=,15,5X, 2HN=.I:;5Xc2Hx-.EZO 8)
WRITE (2.35) 1,VARD(ID)
FORMAT (2X,14.,2%,F20,8)

TF(N.EQ_0) STOP

IF(n.EQ, 0) STOP
WRITE(2,1104)
FORMATC(I1X,19H TABLE OQUT OF ORDER)

CRETIURN

END
FIHNISH
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APPENDIX 2

PRE-DIFFUSER _OUTLET PROFILES

s*-1.20

FULLY DEVELOPED ENTRY CONDITIONS




- 153 -

PRE-D1FFUSFR OUTLET PROFILES
FOR TEST SERIFS 1-0 5

] 0 S, < =y e ]
r?"’ = wt : it
0.3 - A
P L]
<
9
U
i
T
0.6 [~
I !}
L KEY |
D 5=0,7t )
B §=0.94 i
B 95=1,43
m ‘3:1,‘39 I
0.2% -
0.0 - I ! ! ] _
0.0 0.2 . 0.4 6.6 - 0.9 1.0
T ] I ]
0.6
CFLQ&EL
C 0.4
&
0.2
0.0 ' .! . } | !
0.0 0.2 0.4 0.6 0.8 - %

N-D DISTANCE FROM INNER WALL - Yip,
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PRE-DIFFUSER OUTLET PROFILES
FOR _TEST SERIES 1-1 O

T i
3" A
[}

KEY
B S$=0,79
= S=1.03
n5=1.5%5%
G 5=1,9%
0-25 T
‘ i
0.0 _ ! A ! ! -
0.0 0.2 0.4 a.6 0.8 1.0
] I | I
0.6 - ]

0.0 1 ; N 1 '
0.0 0.2 0.4 0.6 0.8 - 1.0
N-D DISTANCE FROM INNER WALL - thz '
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PRE-DIFFUSER OQUTLET PROFILES
FOR TEST SFRIES 1-2 0

1.0 [ 7
0.8
)
U
a.6
0.4 KEY
0 S=0.62
5=0,56
o 5=1.61
7 5=2,00 N
g.2
i
0.0 1 ! [ 1
3.0 g, . 0.4 Gg.6 0.8 1.0
] l a 7
.6 _

'0:0 1 A 1 !
0.0 0.2 0.4 - 4.6 0.3 1.0
' N-O DISTANCE FROM INNER WALL - Wha
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PRE-DIFFUSER QUTLET PROFILES
FOR TEST SERIES 2-0G 8

a2k | ' ' | -4

‘U;o ' ] ! : |
0.0 . 6.2 0.4 0.6 0.6 1.0
| N-D DISTANCE FROM INNER WALL - W,
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PRE-DIFFUSER OQUTLET PROFILES
FOR TEST SERIES 2-1 5 ‘

Y
HRS
—<

i

- D
¥
bt a

=
2 ) e o
L] +

[
(e

121
w -1 0O ¢
O M~ -~

.0;0 | ! 1 - :
0.0 0,2 d,4 ' 0.6 4,8 1.0

N-D DISTANCE FROM INNER WALL - 'YVh1
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PRE-DIFFUSER OUTLET PROFILES
FOR TEST SERIES 3-0 4

—_ O 9 i

LIS S T |}
j T o R u )]
MO =W

- . M
B s R s W s R
D

- 0.2

0_0 : } — | | | !
g.0 0.2 0.4 - 0.6 0.8 _ 1.0
N-D DISTBNCE FROM INNER WALL - yi/h';
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PRE-DI1FFUSER CUTLET PRCFILES
(FOR TEST SERIES 3-0.7

.b_o 1 ! i L
0.0 0.2 0.4 0.6 ' .8 1.0
N-0O DISTANCE FROM . INNER WALL - yVh1
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PRE-DIFFUSER QUTLET PROFILES
FOR TEST SERIES 3-1 2

e
KEY
0 §=0.569
@ $=0.936
g B 5=1.71
& m 9=2,3]
0.2 i~ ‘
g
0.0 ! i ] | _
‘0.0 0.2 0.4 0.8 0.8 1.0
I T i |

002 [ | i ' ) ) —

.0;0 N ] | |
0.0 0.2 0.4 0.6 0.8 1,0

N-D DISTANCE FROM INNER WALL - Yph,
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APPENDIX 3

HEAD STATION (3) PROFILES

s"= 1.20

FULLY DEVELOPED ENTRY CONDITIONS
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HEQD INNER PROFILES
FOR TEST SERIES 1-0 5

0.8 KEY |
7 EIS==0.71_'
u m35=0.94
U B 5=1.43
g 5=1,93
0.6 ~ —
0.4 — —
g.2 - —
0.0 %) 2
0.0 1.0
| | ] ]
i.0 - | -
CPLGCHL E_/’E’/ 5 " o 5 a____a___::z

-_2;0 [ t 1 |
a.0 0.2 0.4 g.6 . G.9 1.0

N-D DISTANCE FROM C-C HEAD YWy,
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HERD OUTER PHOFILES
FOR TEST SERIES 1-0G &

1.0 I I I
0.9 KEY i
| D §=0,71
1 ® 5=0.94
[U] B 5=1.43
4=1.93
0.6 - —
U'% [ ]
0.2 - ~
0.0 ' ~p——f——a——n
0.0 Gg.2 0.4 a.6 _ 0.9 1.0
I I T T
1.0 | | - .
PLocat 58—
e a 2 t - —3 i————f
. 0.0 B——/a/a( X
i B ——— B8

-1.0

B

i l
0.6 a.2 0.4 8.6 0.8 1.0

N-D DISTANCE FROM C-C HERD  Ywp,
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HERD INNER PROFILES

FOR TEST SERIES 1-1.0

1.0p ,
.8 _]
8
u 3
[Tﬂ 5
99
a.6 _
0. 4 -
0.2 -
0.0 th ) ]
8.0 6.9 1.0
1 ] I 1
1.0 - —
= 2 5 = g
oy, ! ! ' '
' g.a a,2 0.4 0.6 a.3 1.0
HERD

 N-C DISTANCE FROM C-C

YH]h3
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HERUD OQUTER PROFILES
FOR TEST SERIES 1-1 0O

e : ' £
0.0 0.2 0.4 - 0.6 0.3 1.G
T : | |
1.0 - -
Crca gty == —3
I ——F
GIO!. p—
-1.0 e 4
2.0 -1 | ! |
0.0 0.2 0.4 0.5 0.9 1.0

N-D OISTRNCE FROM C-C RERD y“’h;,



- 166 -

HERD TNNER PROFILES
FOR TEST SERIES 1-2 O

n =]
1.0
] ] 1 I
1.0+ -
o E 537_.__-{
~1.0 | E - | | .
2. 0 ! L |
0.0 0.2 0.4 0.6 0.8 Lo

N-D DISTANCE FROM C-C HERD  Yhpp
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HERD QUTER PROFILES
FOR _TEST SERIES 1-2 0

KEY

|13 H

[}

o098

BEB
DD e

j) N Fo )]
O N r

i
1

M

o

"o.a 0.2 0.4 0.6 0,8 1.0

Lo | =

e e o ;
o
coleE i

ol S N
2.0 | N L !
o a.0 g.2 0.4 - 0.6 0.8 1.0

N-D DISTANCE FROM C-C HERD  YHpy,
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HERD INNER PROFILES
FOR TEST SERIES 2-0 8

0.6 KEY |
D §=0.71
@ 5=0.97
) b 5e1 00
§=1.79
0.6 ¢ 8=2.21 _
0.4 —
6.2 -
0.0 i)
0.0 0.2 0.4 0.6 0.8 1.0
] ] I ]
L t it i i
3 & = 5——
-1.0 - -
o0 | L | !
0.0 0.2 0.4 0.6 0.8 1.0
N-D DISTANCE FROM C-C HERD — YHrp,
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HERD JUTER PROFILES
FOR TEST SERIES 2-C 8

N-D DISTENCE FROM C-C HERD yH[h
. 3

1.08 . ™ z I
- KEY |
0 8=0.7t
U i 5=0,97
[U] B 5=1.00
: BmS5=1,79
0.5 & §=2,21 i
0.4
g.2F
. 0.0 & L
0.0 g.2 0.4 C.6 ‘ 0.8 1.0
i | | i
. Lo ' _ ' -
! ;;==ﬁ====ﬁéﬁ B 3 & i E*““ﬁ
CPLDCRL — ———n——-fti—-—-— 5 L)
A 7 < W v -
OJO' ° N —
0.0t | ' |
-1.0 —
2.0 i | | |
0.0 0.2 0.4 - 0.6 0.8 1.0
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HERD INNER PROFILES -
FOR TEST SERIES 2-1 5

| i T |
l.o [ ]
CPLDCRL @4 "——;—5— 4 ?:’i
. O.U[ﬂc | A
i R
-1.0F —
;2;0 1 | | |
a.o 0.2 0.4 0.6 1.0

N-D DISTANCE FROM C-C HERD
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HERD QUTER PROFILES
FOR TEST SERIES 2-1.5

1.0p l I i ]

ol ' | ] -

5.0 ‘ 1 | ! !
c.0 - 0.2 0.4 0.6 0.8 1.0

N-O DISTANCE FROM C-C HERD y”lh3
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HERD INNER PROFILES
FOR_TEST SERIES 3-0 4

I.D_ 1 i I
- KEY .
B 8=0,.68
U w 5=0,97
[U} 0 S=1.40
5=2.06
0.6 |-
0.4
0.2 b
0.0 | )
0.0 0.2 0.4 a.6 0.8 1.0
] ] I I
1.0_ =

2.0 ] L |

0.0 0.2 0.4 0.6 ' 0.8 1.0
N-D DISTRNCE FROM C-C RERD YW
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HEAD OUTESR PROFILES
FOR TEST SERIES 3-0 4

0.8

0.6

0.4

0.2

I . } ]

KEY

QY @Y C) €

E LI S S

M- 00
O W WM
S~

G.0

0.2

1.0

. L] L) ra

| D'D:f;a/‘ﬂ/u’@—_'—m

-1.0

L
1

L

1

0.0

- N-D DISTRANCE FROM C-C HERD

0.2

0.4

0.6

yU.S
H!ha

1.8
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HEAD INNER PROFILES
FOR TEST SERIES 3-0 7

1.0 I | I
0.5 KEY ~
B 5=0.60
o Gg=1,02
0 9=1,62
B S=2,32
0.6 —
U.‘lF —
0.2 |- -
0.0 3 3
0.0 1.0
{ | [ i
1.0+ “—
F————fjo=f]
-1.0 |- .
2.0 ! | | !
0.0 0.2 "D.4 0.6 0.5 1.0

 N-D DISTANCE FROM C-C HEAD

i,
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HERD OUTER PROFILES
FOB TEST SERIES 3-0 7

L0 I i | T
I
.
i..
0.8 : REY -
, B §=0.60
Ay \
" 1 5=1,02
[U] B 5= 1,62
; . 9=2,32
DIS [ A A o
0.4 |- R —
0.2 b v\ .
k\
.-‘ [N
0.6 | | ' ot o oy
8.0 g.2 0.4 0.6 0.5 1._0
I i I ]
1-0 . —d
CPLDERL i k
0,08 —
-1.0 —
2.0 I i ' I , ]

0.0

0.2 0.4 0.6 0.8

N-D OISTANCE FROM C-C HERD y“lha.

1.

a
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HERD INNER PROFTLES
FOR TEST SERIES 3-1 2

I | I b
1,0 | 7
B—p—p—f=—g
-110_ 3
. ;.2.0 ] i | ]
OIO O-2 Olq DDB D.S 1;0

N-D DISTANCE FROM C-C HERD yHlh3
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HERD CUTER PROFILES
FOR TEST StRIES 3~1 2

I i ] ]
1.0 ™ ) ' —

' i . - Bl {]
ChLocat W _
0.0 | : | -
-1.0} o -

;2’.0 . i § ! | |

0.0 0.2 0.4 0.6 0.8 1.0
N-D DISTANCE FRCM.C-C HERD y“lh3 '
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APPENDIX 4

SETTLING LENGTH PROFILES

L}

5:1.20

FULLY DEVELOPED ENTRY CONDITIONS
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SETTLING LENGTH VELOCITY PROFILES

FOR TEST SERIES 1-0°5

INNER RNNULUS,

- OUTER ANNULUS,

1.43

1.0

0.5
N-D DISTANCE FROM INNER WALL - yVh4

3]

a

N-O VELGCITY - U/UMSX,
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SETTILING LENGTH VELOCITY PROFILES

FOGR TEST SERIES (-1 G

INNER ANNULUS.

QUTER ANNULUS,

S=1.83

8.5 -
~ N-D DISTANCE f

1

d ' 0 0.5

H

A0M INNER WRLL - YVh4

N-0 VELGCITY - U/uLMAX.
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SETTLING LENGTH VELOCITY PROFILES
FOR TEST SFRIFS 2-0 5

INNER ANNULUS. | ~ QUTER ANMULUS.

1.0

- 8.5 -

: 0.5 .0 0 0.5 1.0
N-D DISTANCE FROM INNER WALL - Y,

N-0 VELOCITY. - U/UMAX.
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SETTLING LENGTH VELOCITY PROFILES
FOR TEST SERIES 2-0 8

INNER ANNULUS. | OUTER RANNULUS.

1.0
0.9

- - S$=Z.21
a.e |-

ﬁ

-1 0.5 -~

0.5 1.0 o 0.5
N-D DISTANCE FRCM INNER WALL - Y/,

N-0 -VELOCITY - U/UMAX.
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SETTLING LENGTH VELOCITY PROFILES
FOR TEST SERIES 2-1 5

INNER ANNULUS. - OUTER ANNULUS,

1.07

T 0.5

0 0.5 1.0 0 0.5 _ 1.0
N-D DISTANCE FROM INNER WALL - Y,

N-O VELOCITY - U/UMAX.
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SETTLING LENGTH VELOCITY PROFILES

FOR TEST SERIES 3-0 4

INNER ANNULUS,

:

-OUTER ANNULUS.

1.40

1.40

o
w

0.5 Lo

0 0.5

N-D DISTANCE FROM INNER WALL - Y,

N-D VELGOCITY - U/UMax.
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SETTLING LENGTH VELOCITY PROFILES

FOR_TEST SERIES 3-0 7 .

INNER RANNULUS,

OUTER ANNULUS.

$=2.32

1.62

o 0.5 o

N-D DISTANCE FROM INNER WALL - ¥4,

0.5

0

025 .

1.

- N-0 VELOCITY - U/ULMax.

o
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SETTLING LENGTH VELOCITY PROFILES
FOR TEST SERIES 3-1 2

INNER BNNULUS. OUTER ANNULUS.
/ ; 1.0
0.7 h
0.6 |-
-4 os : .
N NN I R NN GO S M SR NN T NN NN U NV N
0 8.5 1,07 0 0.5 1,0

- N-D DISTANCE FROM INNER WALL - Y,

N-D VELOCITY -~ U/UMBKX.
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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 Eguaticon{s) Giving Definitions

Based on overall inlet m.w.m. dynamic head

1.409’ 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.. dynamic head

144,27, 1.4.30

Based on split local entry me.w.m. dynamic head

1.4.31

Area Ratios

Mean effective

1.4.24

Mean geometric
A A

.2 "3
(e.g. AR, , = Ay AR, 5 = K;

Inner/Outer — mean inlet
A, A,

Ty 2i 4i
(e.g.r(ARi_z)i =5 (AR, ), =5~
1 _ 2
Inner/Outer - split inle
(e.g. (AR ). = fgi fAR ). = fﬂi
e =273 % ’ -4’1 = k
: 1-271 _-Aii 2=-4"1 Agy
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PERFORMANCE PARAMETERS FoR DIFFUSER no 1. DUMP GAP 0.5 FLOW SPLIT 0.792

prESBURE RECQOVERIFS LNSS CNFFFICIENTS ETAY AREA RATINS
HEAN THNER QUTER MEA INNER QUTER MEAN ITNNFR - OUTER

RASED ON OQVERAIL INLET M.U.M. PYNAMIC HEAD EFFECTIVE  mEAN INLET
QUTLET(1=2) 0,417 0,353 0.302 0.027 0,044 . 0,006 83,867 1.380 0.705 0.675
HEAD(1=3) =0.526 =1.058 0. 22y 0,194 0.268 0.089 233 _18¢ 0.883 0.436 0,553

S/LC1=4) 0,256 0,099  0.472  0.446  0.549  0.297 35.743  1.820  0.909 1,088

(2-3) “0.944  =1.416 -0, 281 0.166 n.226 n.n83 , 0.640 n.316 0.400
(2-4) ~0,163 ~n_259 ~p_ 030 0,617 0,505 0,292 1.3419 | 0,659 0,789
(3-4) ¢.780 1,157 0.25 n.259 0.281 0.209 . 0.919 1.101
BASED ON SPLIT INLET M.UW,H, DYNAMIC HEAD S, GEOMETRIC SPLIT INLET

OUTLET (1-2) 0,417 0,337 0.55¢ 0,027 0.041 0.006 83,862, 1.380 1,257  1.537

a

HEAD(1-3)  ~0,526  ~0,995 0.242 0.194 n.252 0,097 233:184 0.989 0.778 1.258

S/LE¢1=4)  0.254 0,093 0.517  0.444  0.516  0.326 . 35,743 1,997 1,621 2,478
(2-3)  ~0,944  =1.331  =0.309  0.166  0.211  0.09% 0.717  0.615 0,819
(2-4) ~0.163  =0.24%7  =0.033  0.417 0.475 0,320 | 1.447 1.290 1.612
(3-4) 0.740 1.038 N.27¢4 n.25% n.264 0,229 2,083 1.970
| ' BASED 0: OVERALL LOCAL INLET M,uU M. DYNAMIC HEAD

(2-3) Co=1,699 =2 550 -0 507 n.300 n.4064 0.149

C2-4) ~0,206  =0_466 =0 054  0.751 0.909  0.525

(3-4) 0,585 0.624  0.417 0.188 0.151 0,3#6

BASFD OM SPLIT LOGAL INLET M,W,M, nYNAMIC HEAD

(2-3) ' 2,140 =0 095 n.339 0.205

= - . ~ - e - ey - wa s me - - a

- 681 -~
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PERFORMANCE PARAMETERS FOR DIFFUSER HO 1. pUHP GAP 0.5 FLOW SpLIT 0.039

"prESSURE RECQVERIES LNSS FOEFFICIENTS ETAY AREA RATIOS
MEAN THNER QUTER MEAN INNER QUTER MEAN INNER QUTER
BASED ON QVERALL INLETY M.W.M. DYNAMIC HEAD ‘ EFFELTIVE MEAN INLET

QUTLET(1~2)  0.448 0,432 0. 466 0,029 .0.04%  0.078 90,033  1.380 0,675 0,705

HEAD (1=3) =0.263 =0.515 =0 006 0.118 0.217 0.0%4 426.340 0.949 0,464 0,490

S/L(1-4) 0,349 ¢.2%94  0.407 0.392 0.429 0.353 46,564 1.954 0,509 1.088
(2-3) | ~0,716  =0_947 =0 472 0039 0,175  ~0.004 . 0.687  0.3% 0,355
(2-4) ~0,009 ~0_133 -0 053 6.363 n.387 0.336 - 1.416 0.659 | 0,789
(3-4) 0.617 0.809 0.413 '0.2?4 0.212 0.340 | n.954 1,161
BASED ON SPLIT INLET M.W.M. DYNAMIC HEAD : ) GEOMETRIC SPLIT INLET

QUTLET (1=-2) 0.448 0,414 0. 488 0,029 n.040 | 0.01% 90,038 1.380 1.353 1,407

a

HEAD(1=3) =0,268  =0.493 =-0.00¢ n.118 0,208 0,014 424,340 0.953 n.v29 - 0,978

S/LCI-6) 0,349 0,282 0.427  0.392  0.411% 0.370 . 46.564 1 997 4,822 2,172
(2-3) -0,716 -0 907 =0 _4%4 0.039 0.168 =0.,004 0.691 . 0.687 0,695
(2-4) ~0,029 ~n_132' =0.064 n.363 0.371 0.352 - 1.4647 1.3&6 1,544
(3-4) 0.617  0.773  0_433 0.274  0.203 0.356 1.961 2,222
RASED 04 OVERALL LOCAL INLET M.W.M, DYNAMIC HEAD
(2-3) ~1.371  =1.812 - =0.90% - 0.171 0.336  =0,008
(2-4) -0,190  =0.264 =0.112 -  0.695  0.741  0.642
(3-4) 0,537 0,603  0.437  0.238 0,158 0,359

BASED ON SPLIT LOCAL INLET M, W M, pYNAMIC HEAD

. K23 ~1.6617  ~1.002 0.308  =0.009

- - - - - - Y - - .

= 06l =
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PERFORMANCE PARAMETERS FOR DIFFUSER w0 1. DUMP GAP 0.5 FLOW SPLIT 1.427

pprERSURT RECOVERIFS LOSS COEFFIGCIENTS CETAY AREA RATINS
MEAN ITNBER OUTER MEA TNNER OUTER MEAN TNNER QUTER
| BASED ON OVERALL (NLET M.u.M. DYNAMIC HEAD EFFECTIVE MEAN TNLET
OUTLET(1-2) 0,453 0,507  0_414 0,022 0,031 0,016 95,912  1.380 0,623 0,757

i

HEAD (1-3) -0,212 -0, 089 -0 298 . 0,137 n.199 0.094 -403. 2272 1.004 n.464 0,553

S/LC1=4) 0.357 0,452  0.290  0.393  0.339 0.432  47.259 1.975 0.909 1,088

(2~3) ~0.665  =0,596 ~0.712 0.145 0n.168 0.078 . n.728 n.336 0,400
(2-4) | -0,0%6 =0 0535 ~0_124 | 0.371 n.308 0,416 1,431 0.6%89 0,789
(3-4) 0.569 0,541  0.588  0.256  0.140  0.338 0.895 1,071
BASED ON SPLIT INLET H.W,it. DYNAMIC HEAD . GEOMETRIC  SpLIT INLET

OUTLET(1-2) 0,453 0,511 0.411  0.022 0.031  0.016  90.912 1.380 1.525  1.280

~ HEAD(1=3) -0.,21¢ =0.09%90 -0.297 0113? 0.201 0.093 -403.222 1.016 1.134 0,934

S/L(1~4) 0.357 0,456 0.233 0,393 0.342 0.429  47.259 1.997 2,224 1,841

(2-3) ~0,665 =0,601 =3.703  0.115  0.170 0,078 0.736  0.744 0,730
(2-4) . =0,006 -0.036 =0 123 0,371 n.311 0,413 ' 1.447 1.459 1.438
(3-4) 0.569 0,546 0.585 n.256 0.141 0.336 ' 1,961 1.970

BASED 01 OVERALL LOCAL INLET M.U.M. DYNAMIC HEAD
(2-3) ~1,265. =1.433% =43

. 55 0.219 0.320 0.149
(2-4) -0,182 =0.,105 ~ =0.23% . 0.707 0.586 0.792
(3-4) 0,529 0.614 0 486 0,238 0.159 0,279

BASFD ON SPL1T LOCAL INLET M,W. M, pYNAMIC HEAD

G (2e3) “1.314 =235 0.371 0.135

L4 & - PN * ~ - - A - - - - - e
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PERFORMANGE PARAMETERS FOR DIFFUSER 40 1. pUND GAP 0.5 FLOW SPLIT 2.025

PRESSURT RECHVERIFS LOSS COEFFICIENTS CETAY AREA RATINS
MEAN = THNNER QUTER MEAI INNER OUTER ME AN INNFR CUTER

. TASED ON OVERALL INLET W.u .M. DYNAMIC HEAD EFFECTIVE MEAN INLEY

OUTLET(172) 0,344 0,523 0,255 . 0,074 0,059  0.082 60,025 1,380 0,587 0,793
HEAD(1=3)  =0,348 0,196 =0 617  0.156  0.175  0.146 346.545  0.932  0.466 0,553
S$/L¢1=4) 0.260 0,508 0,137 n.452 ° 0_.300 0.528  36.323 1.835 0.709 1.088

(2-3) ~0,692 =0,332 -0,872 0.032 n.115 0,065" , n.676  n.336 0,400
(2-4) -0.084 -0_ 019 -0.117 0n.378 n.240 0,446 1.330 0.6589 0,789
(3-4) 0.608 0.342 0.755 8.207  0.425 0,381 0.895 1.079

BAGSED QN sPLIT IMNLETY M. W. .M. DYNAMIC HEAD : N GENMETRIC SpLIT IN;ET

QUTLET(1=2)  0.344 0,563 0.247  0.074  0.063 0,079 69,023  1.380  4.710  1.207
HEAD(1-3)  -0,343 0,200 =0.598  0.156  0.187  0.142 346.545  1.016  1.352 0,861

S/LC1=4) 0.260 0,542  .133  0.452- 0.320  0.512 36,323 1.997  2.651 1,657
(2=3) -0,692 =0 334  ~p 845 0,082 0.123 0.063 | | 0.736 N.790 0,696
(2-4) ~0.086  =0.021  =0.114  0.3Y8  0.257  0.433 R YA 1.550 1,372
(3-4) 0.608 0.333 0.7321 0.297 0.133 0,370 ' 1.961 1.970
BASED O: OVERALL LOCAL INLET M.u.M. DYNAMIC HEAD
(2-3)  ~1,183  =0.560  =1.496  0.141  0.198  0.111
(2-4) -0.143  =0.033  -=0.201  0.650  0.413 0,766
(3-4) 0,510 0,551 0.502  0.249  0.221 0.254

_ BASED ON SPLyy LOCAL IMNLET M, WM, pYNAMIC HEAD
(2-3) -0.948  -q.254 n.330 0.093 '

Y - - Fay ~ - A L. - P - s P "y
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PERFORMANGCE PARAMETERS FOR DIFFUSER NO 1. nUMP 6AP 1.0 FLOW SpLIT 0.783

pRESSURT RECQVERIES L0SS CNEFFICIENTS ETAX AREA RATINS
MEAN THNER OUTER MEAN ITNNER OUTER ME AN INNFR OUTER

RASED ON OVERALL INLET M.W.M. DYNAMIC HEAD EFFERTIVE MEAN INLET

OUTLET(1=2) 0.337 0,290 0.396  0.050 0,059 0.041 67,604 1.380 0.666 0,714

HEAD(1-3)  ~0,005 =0,303 0 382 0,095 0,021 0.190  =2.492  1.083 0491 0,839
S/L(1-4) 0.401 0,337 0.4%0 n.29% 0.308 0.278 55,051 1.874 0.909 1,088
(2-3) | ~0.341 -0,598 =g 014 o.oﬂs -0.038 0.149 . 0.785 n.356 0.608
(2=t) 0,064 0. 041 0. 094 D.245 . 0,249 0,237 ‘1.358 0.659 0,789
(3-4) 0,405 0.638 0.108  0.200 0.287 0.n89 0.684 0,819

. RASED ON SPLIT INLET H.W.tl. DYNAMIC HKEAD : . GEOMETRIC  SPLIT INLET
OuUTLET(1-2) 0,337 N 274 o,kza'r 0,050 0.055 | 0.045 67,604 1.380 1.225 1.565

HEAD(1=3) =0,005  =0,291 0n.412 oiovs - 0.020 0.205  =2.497 1.329 n.902 1,839
S/L(1=4) 0,401 0 312 0.528 n.295 0n.291 0.300 55,054 1.997 . 1.671 | 2.38?
(2-3) -0.3417  ~0.565 -0 015 0.045  ~0_.036 0.160 0.963 0.736 1473
(2~4) 0,064 0,033 0.104 0.245 n.236  0.256 ' 1.447 1;36& 1,525
(3-4) 0,405 N.603 0.116 6.200 0.27% 0,096 , 1,853 1,298

RASED Oy OVERALL LOCAL INLET M,u.M, DYMAMIC HEAD
(2-3)  =0.556 =0.97% =0.023  6.073 -0.061 0,242
(2-4) 0.104 N.066 0.133 n.399 0.407 0.387
(3~4) 0,445 0,475 0.303 0.220 n.213 0,250

BASED ON Splry LOCAL INLET M, W M, pYNaMIC HEAD

(2-3) -0.842 -).02¢9 -0.0583 C0.304

% [ ALY n AR®Y A A0 A wEn A 02R
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PERFORMAMNE PARAMETERS FOR DIFFUSER NO 1. npUMP GAP 1.0 FLNW Sellt 1.p27

pRESSURT RECOVERIES LOSS COFFFICIENTS ETAYX AREA RATINS
ME AN INNER oUTER lMEﬁd TNNER OUTER MEAN TNNFR QUTER
, RASED ON OVERALL INLET M.U.m. DYNAMIC HEAD EFFECTIVE MEAN INLET
OUTLET (1~2) 0.305 0,339 0.402 0,027 . 0.047 0.008 79,418 1.380 0.660 0.720
HEAD (1=3) 06,171 0_062‘ 0.277 0.086 0,1{3 0,059 45,304 1.239 0.570 0.679
S/L¢1=4) 0,511 0,509  0.5%  0.238  0.233  0.243  67.608  1.980  0.909 1,083
(2-3) ~0,225 =0.327 -0 125 N.059  0.067 0.051 , 0.898 0.443 0,492
(2e4) 0,116 1,120 0.1%2 0.292 n. 187 0,235 1.435 0,659 0,789
(3~4) 0.340 0,447 n.237 0n.152 0.120 0.184 | n.728 0.871
BASED ON SPLIT INLET 11.W.t1. DYNAMIC HEAD : .. GEOMETRIC $ptIT INLET

QUTLET(1-2) 0.305 0.376 0.415 0,027 0.045 0.n08 79,418 1.380 1.363 1.396

HEAD (1=3) 0.171 N.060 .28 0.086 0.110 0,061  45.301 1.249 1.178  1.316

S/LCi=4)  0.511 0,492 0.531  0.238  0.226  0.251 67,608  1.997  1.878 2,110

(2-3) ~0,225  =0.316  =0,12y ¢.059 0,064 0.053 0.905 n.864 0,943

(2-4)  0.116  0.116  0.116  0.212  0.181  0.263 | 1,647 1.377 0 1.512

(3-4) 0,340 0.432 0. 245 0.152 0.116 0.190 1.595 1.603
RASED 0O OVERALL LOCAL INLET M,w.M, DYNAMIC HEAD

(2-3)  -0.389 =0,565 -0 27 n.102 n.115 . 0.088

(2~4) 0.200 0,207  0.193 n.366 0.323 0,406

(3-4) 0,453 0,520 0.375 0.295 0.140 0.291

BASFED UN SPLIT LOCAL INLET M, W_M, npYNAMIC HEAD

(2-1%) -0.546  =0.224 | n.111 0.092

* In n no oAanA A TN A ma™ A 1A
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PERFORMAMAE PARAMETERS FOR DIFFUSER NO 1. pUMP GAP 1.0 FLOW SPLIT 1.543

pRESSURF RECOVERIES LOSS COEFFICIENTS ETAY AREA RATIOS
MEAN TIHMNER DUTER ME AL TNNER NUTER MEAN INNER OUTER
EFFECTIVE

BASED ON OVERAIL jHLET M.U.m. DYNAMIC HEAD MEAN INLET

OUTLET(1-2) 0.391 0,417 0.375 n.020 , 0.034 0,011 78,620 1.380 0.591 0,749

HEAD (1~3) 0,179 0.210 0,150 0,090 n.084 0,094 48,261 1.233 0,491 0,743

S/L(1=4) 0,499 0.549  0.467  0.246  0.253  0.24%  66.630  1.953  0.909 1,088

(2~3) =0.212  =0.207 ~0.216 0.070 0.050 0.n83 _ 0.893 0.356 0.538
(2~4) 0,103 0133 0.092  0.226 0.219 0,230 | 1.415  0.659  0.789

(3-4y - 0.320 0,339 0.308 0.156 0.168 0.148 | 0.737 0.883
RASED ON SPLIT IHLET 11 .W.i. DYNAMIC HEAD : GEOMETRIC SPLIT INLET

OuTLET(1-2) 0,301  0.423  0.371  0.020  0.036 0.0 78,620  1.380  1.487  1.310
HEAD(1=3)  0.479  0.213  0.157 . 0.000  0.085  0.093 48,2641  1.233  1.234  1.233

$/LC1=4) 0.499 n 553 0.462 0.246 0.257 0.239  66.630 1.997 ?.287 1.807

(2-3) 0,212 =0,210  -0.213 0,070  0.951  0.082  0.804  0.830 0,941

(2~4) 0,403 n,135 .09 0.226 0.222 0.228 | 1.447 1;538 1,379

(3~4) 0,320 0,345  0.305  0.156  0.171  0.146 - 1.853 1,466
BASED 04 OVERALL LOCAL INMLEYT M.w.M_. DYMAMIC HEAD

(2-3) -0,361 ~0.351  -0.366 0.119 0.085 0,441

(2-4) 0.183 0.225 0.137 n.333 0.372 0.391

(3~4) 0.4633 0,492 0.400 0.213 0.244 0.195 .
RASED ON SPLTT LOCAL TNLET M, W . M. nYNAMIC HEAD

(2~3) -0, 387 = 345 0.094 0,132

& oz A 240 A 1ha A fan A 2AR
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PERFORMAMTE PARAMETERS FoR DIFFUSER no 1. pUMP GAP 1.0 FLOW SpLIT 1.985

pPREASURT RECOVERIES LOSS COEFFICIENTS ETAY% AREA RATIOS
MEAN INMNER NUTER .MEAN INNER OQUTER - MEAN ITNNER QUTER
PASED ON OVERALL INLFT M.U.M. DYNAMIC WEAD EFFECTIVE MEAN INLET
OUTLET(1~2) 0,371 AR 0.343  0.035 . 0.051 0,027  74.525  1.380 0,544 0.839
HEAD ¢(1-3) 0,141 0,23% 0.070 -~ 0.111 n.107 0.113 33,859 1,226 0.464 0,774
S/L(i=8) 0,663 0.56%  0.423% 0.2517 - 0.260 0.247 64,352 1.845 0.909 1.088 .
(2-3) ~0.230  =0,135  =0.273 0,076 0.056 0.086 _ 0.889 n.336 0,561
(2-4) 9.002 0 123 0.075 n.217 0,209 0.220 1.337 0.689 0789
(3-4) 0.321 0.254 0.353 n.14 n.153 0.134 | n.734 0.879
' RASED ON SPLIT INLET H.W.i. DYNAMIC HEAD . GEOMETRIC SPLIT INLET
OUTLET(1-2) 0,377 0 4b6 0.337 0,035 0.055 | 0.026 74,525 1.380 | 1.565 1.282
HEAD(1=3)  0.147 0,302 0.063  0.111  0.114  0.109 33,850  1.238  1.3¢2 1,183
S/L(1=6) 0,463 . 0,578 0.410 n.254 0.277 0,240  64.352 1.997 ?.631 1,663
(2-3) ~0,230 =0 144 =) 27y 0.076 0.060 0,083 0.897  0.857 0,923
(2-4) 2.0%2 0132 0,073 n.217 0,223 0.213 ' 1.447 1;681 1,297
(3-4) 0,321 0.276  0.342 . 0.141 0.163  0.130 1.961 1,405
: BASED O oVERALL Lonal INLEY M,w.M, DYNAMIC HEAD
(2-3)  =0,386  =0.227 =0 663  0.128  0.0946 0,144 |
(2-4) 0,154 0,203 0.127 0.365 n.351 0.370
{(3~4) 0,430 N, 472 9,616 n,.188 n. 280 0.158

BALZFD UH S?LTT LOCAL TNLET M, W M, pYNAMIC HEAD

(2-3) ~N_ 283 =0 423 0.119 0.131

B = s ~n mAs .- AA - PR 4 ~n =TE
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PERFORMANCE PARAMETERS Fom DIFFUSER tO 1. HUNP GAP 2.0 FLOW SPLIT 0.423

pRESSURE pEfQVERIES LOSS CAEFFICIENTS ETAY% AREA RATINS

MEAN THNER OUTER MEAN TNNER AUTER MEAN TNNER QUTER

MASED ON OVERAIL (NLEY M.u.M. DYNAMIC HEAD EFFECTIVE MEAN INLET

QUTLET (1-2) 0,345 0,329 0.382 0,037 n.047 0.021 69.269 1.380 n,752 0.628
HEAD ¢1~3) 0,130 -0 031 0,383 0.160 n;15? 0,165  29.914 | 1.299 0,698 0,711
| SILg1-ai 0431 D.399  0.483 0,235 n.éoa 0.286 63,087 1.739 0,509 1.088
(2-3) -0,215 =0 352 0.005 n.123 0.110 0,144 , 0.%42 0.506 0.519%
(2-4) 0.086 0,073  0.100  0.198  0.157 0,265 1.260  0.659 0,789
(3-4) . 0,302 0,430 0.095 N.O75 0n.047 0,121 n.645 0,773
CBASED ON SPLIT INLET M.W.it. DYNAMIC HEAD . GEOMETRIC  SpPLIT INLET

OutlET(1=2) = 0,345 n.300 0.430 0,037 0.044 | 0.024 69 269 1.380 1.273 1,534
HEAD(1=3) 0,130 =0.020  0.43¢  0.1¢0  0.147 0,185 20.914  1.409  1.182 1,736

S/L(1=4) 0.431 0,373 0.543 “0.235 0.1°0 0.322 63,087 1.997 1.537 2.658

(2-3) -0.,29% =0 _329 0.006 0.123 n.103 0,162 , 1.021 0.928 1,432

(21 0.086  0.073  0.113  0.198  0.146  0.298 C v4k? 1.209 1,733

(3-4y 0,302 0,402 0.107  0.075 - 0.044  0.137 1,303 1.531
' ’ BASED O QVERALL LOcAL INMLET M,u.M, DYNAMIC HEAD

(2-3) | -0.343 -0_.570 | 0.00v N o129 0n.178 0.'232

(2m4>' 0,140 0,127 0.162 0.320 0,253 0,429

(3-4) 0.424 0,456 0. 232  0.106  0.049 0,364

BALFD ON SPITYT LOCAL INLET M,W.M, pYNAMIC HEAD
(2-3) . =0.502  0.014 n.157 0.296

& 27 N o444 P Yo 3 A ATt n erLA
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PERFORMANCE pARANETRERS FOR DIFFUSER no 1. bUMP GAP 2.0 FLOW SPLIT 0.9514

peERSURE RECOVERIFS LOSS COEFFICIENTS C ETAY AREA RATIOS
MEAN THMER NUTER MEAL TNNER QUTER ME AN INNER QUTER
DASED ON OVERALL IMNLET M.W.M. DYNAMIC HEAD EFFECTIVE MEAN INLET
QUTLET(1-2) 0.365 0,355 0.370 0.033 0,048 0.018 73,304 1.380 N.658 0,7¢2

ni
[ §

HEAD (1-3) 0,220 0.1 0.321 0,097 n.126 n.068 51,648 1.292 n.622 0,679

S$/LC1~4) 0.516 0.512  0.520 0.225 0.210 0.2640 68,695 1.959 0.909 1.088

(2-3) -0,145 -0, 230 =0.055 n.haa n.078 0.050 . 0.936 n.451 0.492

{(2~4) 0,151 0 157 0 144 0,172 n.163 0,222 1.4619% 0.659 0. 789

(Z3=t) 0.295 _ 0.387  0.190 0.128  0.085 0.173 0.409 0.837
' BASED ON §PLIT INLET H.W.i, DYMAMIC HEAD ' - GEOMETRIC  SPLIT INLET

OUTLET(1=2)  0.365 N 340 0.394 0.033 n_046 0.01%  73.304 1.380 1.3%06 1,455
- HEAD(1~=3) 0,220 n_4a0n 0.336 0,097 n.120 0.07% 51.648 1.301 1.234 1.369

S/Le1=6) 0.516 C.691 0.564 0.225 0.202 0.252 68,695 1.997 1.804 2.195

(2~3) 0,145 =0_220 =0 . 053 - 0,064 0,075 0,052 . n.943 0.945 0,961

(2=-4) D.15% 0,151 0.151 0n.1722 0.156 0.233 | ' 1.447 1;331 1.508

(3-4) 0,295 0,371 0.208 n.128 n.n81 0.181 1.462 0 1,603
BASED O OVERALL LOGCAL INLET M,y .M, DYNAMIC HEAD

(2-3) ~0,240 =~0,382 -0 091 n.107 n.130 0,083

(2-4) 0.251 0.262 0.239 0,319 . 0.271 0.370

{3=4) 0,433 n,483 0.354 n.137 0.107 0,303

BASFD QN SPLIT LOCAL IMLET M,W M, nYNAMIC HEAD

(2-3) 1,358 ~0.093 0.122  0.089

- F PIEY n A ] . - - -
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PERFORMANNE pARAMETERS FQOR axFFUSER HO 1. nﬂmp GAP 2.0 FLOW SpPLIT 1.400

pPRESSURE NECOVERIES LOSS COEFFICIENTS ETAY " AREA RATIOS
MEAM TUNER OUTER: MEAY INNER OUTER MEAN THNER QUTER
BASED ON OVERAIL INLEY M,u.M, DYNAMIC HEAD EFFELTIVE MEAN INLET

ourLET£1-2) 0,369 0,335 0.359  0.020 ., 0.017 0,021 74,154 1.380 N.568 0.812
| 2

HEAD (1-3) 0,262 0,254 0.267  0.100  0.069 0.120 54,581 1.356  0.491 0,871
S/L(1-4) 0,521 0,545 0.5% 0.221 0.248 0.206 69,799 1.940 n.909 1.088
(2= 0,107 =0 _131 =~ 092 o.oBb n.ns2 0,098 . n.28% n.356 0,631
(2-4) 0.152  0.160 0.%47 - 0,291 n.231 0,183 ' %;406 0.659 0,789
(3-4) 0,257 . 0,290 }.239 0.121 0.180 0.084 0.668 0,799

BASED ON SPLIT INLET M.uW.t4, DYNAMIC HEAD . GEOMETRIC SPLIT INLET

QUTLET(1-2) 0.34% 0_.398 0.352 0,020 n.018 0,021 74.154 1.380 1}4?4' 1.321

HEAD(1-3) 0,262  0.262  0.262  0.100  0.071  0.118 54,581  1.361  1.276 1,416
S/LI-4) 0.521 0,562 .49 0.221  0.256  0.200 69,799  1.997 2,361  1.770
(2~3) ~0.107  =0_135  ~0 099  0.030 0.054 0.097 .0_987 0,864 1.072
{2~8) - 0.152 0.1865 0.144 0.201  n.239 0.179 3 1.4647 1;602 1.340
(3-4) 0.259  0.300  0.234  0.121  0.185 0,083 - 1.8535 1,250

BASED 0 OVERALL LOCAL INLET M.u,M, DYNAMIC HEAD
(2-3) 0,176 =0.214  =0.151  0.131  0.085 0,161 )

(2-4) 0.248 0,261 0.4y n.329 n.379 0,299

(3~4) 0,406 0_456 0.37s 0.190' n.278 0,133

BASFD ON SPiLr1y LOCAL INLET M, W, M., pYNAMIC HEAD

(2-~3) -0, 231% -0.144 0.091 0.134

. R - - . - .- Y - -
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PERFORMANCE PARANETERS FoR DIFFUSER un 1. nUMp GAP 2.0 FLOW SPLIT 1.986

prERSURT RECOVERIES L0SS CNEFFICIENTS ETAY% AREA RATINS
HEAN THMER ouTER MEAN TNNER QUTER MEAN INNER QUTER
| AASED ON OVERALL INLEr M.J.M. DYNAMIC MEAD ' EEFECTIVE MEAN INLET
QUTLET(1=2) 0,364 0,397 ) 343 0.025 . 0n.042  0.017  ?73.104  1.380  0.5%5 0,847

HEAD ¢1~3) G.2726 0,323 0.177 0.145 0.495 0,120 47 447 1.35¢4 0.544 0,839

SRTAN QRIS 0.504 | 0.522  0.4%95 n.208 0,277 0.174 70,090 1.845 n.909 1,088
(2=3) . =0.138  =0.075 =0.177  0.120  0.153 0,103 ~ 0.981  0.394 0,608
(2=0) 0,140 0125 0.147 n.133 0.235 0.156 1.337 0,659 0,789
(3=4) 0.278 n.1%0 0.318 0.063 0.082 0.054 ' n.658 0,787
BASED ON SPLIT INLRT tt.W.13. DYNAMIC HEAD . . GEOMETRIC SpLYT INLET
QUTLET(1=2) 0,364 0424 0.337 0.025 0.045 0,017  73.104 1.380 1.546 1.292
WEADC1=3)  0.226 0,344 0171 T0.145  0.208  0.116  47.147 1382 1.576 1,280
S/LC1=4) 0.506  0.557 .48y 6.208  0.295  0.168 70.0%  1.997 2,635 1,662
(2-3) ~0.133  =0_,08) -0 1éo 6,120 0.163 0.100 . 1.002 1.019 0,991
(2-4) 0.440 0,133 0.1463 n.133 0.251 0.152 ' 1.447 1;?04 1.286
(3-4) 0,278 0,212 0.309  0.063  0.087  0.052 1.672 1,298
RASED O OVERALL LOCAL INLET M,ut.M, DYNAMIC HEAD '
(2-3) -0,226 ~0.122 -0 28¢ n.196 0.250 0.168
(2~4) 0,229 0,204 0.2%9 0.299 0.384 0.256
(3=4) 0,443 n_475 0.433 0,100 n.195 0,073

BASFD ON SPL1Y LOCAL INLET M, W .M, pYNAMIC HEAD

(2~3) «0_150 =-0.25%6 ' 0.307 0.154

- Fem s A N~ a eyl - s > a A TR
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" PERFORMANCE PARAMETERS FNAR DIFFUSER NO 2. DUMP GAP 0,5 FLOW SPLIT 0,583

' PRESSURE RECAVERIES LOSS COEFFICIENTS ETA% AREA RATIOS

MEAN ITHNER QUTER . MEAN INNER = QUTER MEAN INNER VUTER
BASED ON DVERALL INLET M.W.M. DYNAMIC HEAD EFFECTIVE MEAN INLET -

3UTLET(1;Z) 0,465 U,.402 0,566 0,056 0,021 0.0U> 5,854 1.5%67 0.760 0,806
HEAD(1=3)  =0,635  =1,240 0,608 0,292 0,381 0,159 280,743 0.883 0,466  U,679
S/LC1=4) 0,259 U,u¥5 0,540 0,394 0,495 0,220 58,750 1.697 0,909 1,088
C2=3) -1.096 =1,642 =0,158 0.276 0,360 0.1564 _ 0,564 0.296 0,655
(2-4) 0,206  =0,308 ' =0.0¢6  0.5/8 0,474  U.216 1.083 0,580 0.695
(5-4) 0,892 1,355 0,153 0.702 '0.114 0.uBe 0.796 U.953

BASED ON S$PLIT INLET M,W.M, DYNAMIC HEAD . _ GEOMETRIC  SPLIT INLET

0UTLET(1-2) 0.463 0.5¢5 0,049 0.016 0,020 0.00> (5.554' 1.567 1.250 <.009

HEAD(1~3) ~0.633 =1.1%6 0,407 0.292 0.350 0.15Y 280,743 1.142 0.762 1.754

S/L(1=4) 0,259 V.88 0,619 0.396 0,462 U.252  $8,150  .1.997 1,494  £.780
(2-3) =1,096  =1.931  ~=0,187 0.276 0,336 0.156 0.729 0,610 0.86¢
(2-4) ~0,206  =U,287  =0,029 0,578  0.442  0.24¢ 1,275 1,196 1,350
(5-4) 0,892  1.266 0,152 0.102  0.106 0,096 1,961 1,605
BASED ON OVERALL LOCAL INLET M.Ww.M. DYNAMIC HEAD
(2=3) =2,105 =5,154  =0,504  0.550  0.692 0.25¢
(Z-4) ~0.392  =0,597  ~0,049 0,725 0.910 0.416
(3=4) 0,666 0,691 0,46 0,076 0,059 V.25

BASED ON SPLIT LOCAL INLET M,W.M. DYNAMIC HEAD
o(e-3y “2.529  =0,5¢3 ' 0.555  0.464

e £33 s —fy 1 LS - M [ T S O Y 7214
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PERFORMANCE PARAMETERS FOR DIFFUSER NO 2. DUMP GAP 0,5 FLOW SPLIT U,772

JUTLET(1=2)

HEAD(1=3)
S/L(1~4)
(2=-3)
(Z=4)

(3=4)

JUTLET(1~2)

HEAD (1~3)

SIL(1~4)
(2-3)
(2-4)

(3=4)

(&=3)
(£-4)

(5-4)

L (2=3)

« Ff > _ 2N

PRESSURE RECOVERIES
INNER

HEAN

0.506

'-U.ZUZ *

0,410
-0,707
~U., 094

0.612

0.506
-0,202
0.410
-0,707
-0,094

0,614

=1.340
~0,205

0,584

BASED ON OVERALL INLET M,W.M.

OUTER

LOSS COEFFICIENTS

MEAN

INNER

CUTER

DPYNAMIC HEAD

0.460 0,52 0,037 0,055  0,01¢
=0,601 0.54 0,152 0.164 0.158
v.329 0.527 0.301 0,349 v.238
~1.061  ~0,247 0,115 0.109 0.126
~0.140  =0,U055 0.264 0,294 0.226
Cu.9e 0.212 0.148 0,185 0.100
.BASED ON SPLIT INLET M.W.M. DYNAMIC HEAD
V.433 0,611 0.037 0,052 0.0
~0,5066 0,542 0.152 0,154 0.150
0,502 0.5¢3 0.301 0,329 0,259
~0.999  =0,269 0,115 0,102 0.15¢
-0.152  =0,053 0.264 0,277 0,246
0.868 0,251 0.148 0.175 0.109
-2.312  =0,559 0.252 0,237 0,276
0,505 =0,006 0,575 0,641 0.495
0,615 0,455 0.141 0.126 0,215
BASED ON SPLIT LOCAL INLET
-1.941  =0,714 0.199 0,304
-1 JINA =N 11010 n KITR N ANL

AREA RATIOS

ETA%

MEAN

EFFECTIVE
82,642 1.567
714,129 0,992
56,559 1.865
0.633
1.191

GEQMETRIC
82,642 1.567
714,129 . 1.142
56,559 1.997
0,729
1.275

M'wlM'

BASED O OVERALL LOCAL INLET M.4.M. DYNAMIC HEAD

DYNAMIC HEAD

INNER VUTER

MEAN INLET

0.755 v,81¢

0,464 V,679
0,909 1,088
0.296 0,455
0.580 V.0%35

0,796 0.953
SPLIT INLET

1.379 1,793
0,847  1.500
1,661 2,405
0.614  V.856

1.204 1,541

1.961 1,603

-~ c0¢ -~
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PERFORMANCE PARAMETERS FOR DIFFUSER NO 2. DUMP GAP 0.5 FLOW SPLIT 1.219

PRESSURE RECNVERIES LOSS COEFFICIENTS ETAX AREA RATIOS
MEAN I"INER OUTER  MEAN INNER QUTER MEAN INNER UUTER
BASED ON OVERALL INLET M,W.M, DYNAMIC HEAD EFFECTIVE MEAN INLET
CUTLET(1=2) 0,539 U.551 0.550 0.036 0,053 0.018 88,366 . 1.567 0.717 0.850
HEAD(1=3) 0,106 0,0U8 0.186 0.028 0.099  =0,029 48,698 1.106 0,491 v.616
SIL(1m4) 0,498 0,510 0,487 0.258 0,268 0,250 65,447 1.997 0.909 1,088
(2-3) 0,435 =052 =0, 3544  =0,006 0,065  ~0,04¢ 0.706 0.313 U,595
(2=4) 0,042  =0,040  =0,043 0,226 0,215 0.25¢ 1.275 0,580 0,695
(3-4) 0,391 0,502 0,501 0.230 0,169 0.28V 0,822 0,984
. BASED O SPLIT INLET M.W.H. DYNAMIC HEAD ) GEOMETRIC  SPLIT INLET
QUTLET(1=2) 0,539 0.5641 0,538 0.054 0,055 0.018 88,566 1.967 | 1.597 1,562
HEAD(1~3) 0.106 UIRTIVR 0.139 0.028 0,097 =0.0350 43,698 1.106 1,093 1.117
S/L(1=4) 0,498 v, 501 0,694 0,258 0,264 U.25% 65,447 . 1,997 2,025 1,975
(2-3) 0,435 ~U,533 -0,349  =0,006 0,045 U, 048 0.706 0.684 V.res
(2-4) =0.042  ~0,040  =0,044  0.224 0,211 0.256 O .2rs 1,268 1.8
(3-4) 0,391 U.4Y3 0,305 0,250 0,166 0.284 1,853 1,768
BASED ON OVERALL LOCAL INLET M.W,M, DYNAMIC HEAD
(2-3) 1,016 =1.272 -0.506 -0.015 0,107  =0,111
(2w4) 0,098  =0,095  =0,10% 0,526 0,506  0.545
(3=4) 6.452 V0,551 0,363 0.266 0.186 V.358

BASED ON SPLIT LOCAL INLET M,W.M. DYNAMIC HEAD
Lge3) 1,511 =0,786 0.110  =0.108

Al mb) : -] NYH -0 0¥ 0._81% D.55¢2

- €02 -~
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PERFORMANCE PARAMETERS FNR DIFFUSER NO 2. DUMP GAP 0,5 FLOW SPLIT 1,820

QUTLET (1-2)

HEAD (1=3)

S/LCIm4)
(2-3)
(2-4)

(5-4)

QUTLET (1=2)

HEAD(1=3)

SIL(1-4)
(£=3)
(2-4)

(5=-4)

(2=3)
(2=4)

(5~4)

2=

R A |

PRESSURE RECNVERIES
INNER

MEAN

0.504
0.037
0,454
=0, 4067
-0,051

0,616

U.SGZ
0.2¢6
0,504
-0,506
=-0,018

0,288

. BASED OWN

0,506

'10020
-0,111

0,456

0.010
0,2vY0
0.5¥Y¢
0,521
-0,078

v.502

-0.607

=0,038

U.504

-,909

~{l 1927

LOSS COEFFICIENTS
DUTER MEAN INHER QUTER

BASED ON OVERALL INLET M.W.,M, DYNAMIC HEAD

ETAZ - AREA RATIOS
MEAN INNER WUTER
EFFECTIVE MEAN INLET

82,654 1.567
25,984 1.057
62,018 1.887

0,675

1.204

GEOMETRIC
82,654 1,567
25,984  1.106
62,018 1,997
0.706

1.275

BASED ON OVERALL LOCAL INLET M.W,M, DYNAMIC HEAD

0,462 0.037 0,035 0.038
-0,094 0.045 0,106 v.012
0,593 0.274 0,241 0.295
-0,555 0,008 0,071 -0,026
-0,0069 0.257 0,205 0,254
0,486 0,229 0,135 0,289
SPLIT INLET M.W.r1. DYNAMIC HEAD
0,450 0,037 0,037 V.0S7
-0,0v1 0.U45 0.111 0.01¢
0,583 0,276 0,252 0,285
-0,242 0,008 0;0?4 =0,026
-0,067 0.257 0,215 U,248
0,406 0.229 0,141 U.274
=-1,213 0,017 ©  0.156  =0,0>¢
9,151 0,517 0,468 .55
0,459 0.250 0,236 0.255%

BASED ON SPLIT LUCAL INLET
-1,0b57 ' 0,210 0,050

-l 151 n a11 (1. L84

M.W.M, DYNAMIC HEAD

0.694 v,872
0,491 0,616
0,909 1,088
0,313 0.593
0,580 U,695
0.822 . 0,984

SPLIT INLET

1.928 1.365

1.362 U.v64

2.524 TL.r00
0.706 V.rue
1,309 1.448
1,853 1,768

- 0 -~
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PERFORMANCE PARAMETERS FOR DIFFUSER NO 2. DUM? GAP 0,5 FLOW SPLIT 2,561

QUTLET(1=2)

HEAD(1=3)

S/L(1=4)
(2-3)

(2=4)

(5=4)

QUTLET(1=2)

HEAD(1=3)

S/L(1=6)
(2=3)
(2-4)

(5=4)

(2=3)
(L=4)

(5=4)

L(2=3)

% (Z2wh

PRESSURE RECAVERIES

HEAN

0.450
-0,127
0,357
-0.577
-0,093

0.484

INNER

- DUTER

LOSS COEFFICIENTS

MCAN

INNER

QUTER

BASED ON NVERALL INLET M.W.M. DYNAMIC HEAD

0.5>8
0,509
U,567
=0.189
-40,.011%

0,178

. BASED on

0.450
-0,127
0,357
-0,577
-0,093

0,484

-1-122

=-0,%81

0,459

V.64
0,815
0,612
-0.211
-0.,012

0.199

-0,507
=0,0<£1

0,452

=0 .64Y9

-0 057

0,408
-0.3¢21
0.483
0,79
=0,145

0.0V4
SPLIT INL

0,592
-0,3038
0,202
=0, 700
-0.120

0,°80

1,416
=0,243

0,662

-1,411

-0 207

BASED ON.OVERALL LOCAL INLET M.W.M, DYNAMIC HEAD

ETA%
MEAN

EFFECTIVE
(3,767 1.567
-243,865 1.006
93,019 1.713
0,641
1,093

GEOMETRIC
13,767 1,567
~263,865 1.111
53,019 1,997
0.709
1.275

MyW.M,

0.035 0.045 V.031
0,070 0,112 0.0>4
0.313 0.252 0.356
0.035 0,067 0.025
0.277 0,208 0,305
0.242 0.140 V.28¢
ET M.W.M, DYNANIC HEAD
0,035 0,050 0.050
0.070 0.125 U.052
0.313 0,282 0.325
0.035 0,076 0.,02¢
0.277 0,232 0.295
0,242 0,157 0.201
0,068 0.137 - 0.06>
0.539 0,403 0,593
0.229 0,340 0.210
BASED ON SPLIT LOCAL INMLET
0.232 0.0359
0.7153 (L5Ui’.

AREA RATIOS

DYNAMIC HEAD

INNER - UUTER

MEAN INLET

0.661 0,908
0,464 U647
0.909  1.u88
0,296  U.413
0.580 0,695
0.818  0.980
SPLIT INLET
2,271 1.ef7
1,593 0,915
3,123 1.58%
0.701  0.15
1,375 1.20¢
1.961 1,682

= S0¢ -
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PERFORMANCE PARAMETERS FNR DIFFUSER NO Z. DUMP GAP 0,8 FLOW SPLIT 0,709

PRESSURE RECNVERIES LOSS COEFFICIENTS ETAX% AREA RATIOS

ME AN INNER  OUTER  MEAN INNER  OUTER MEAN  INNER-  UUTER
BASED ON DVERALL INLET M.W.M. DYNAMIC HEAD EFFECTIVE  MEAN INLET
QUTLETC1=2) 0,450 . 0,4¢7 0,483 0,050 0,053  0.068 /3,721 1.567  0.780  V,787
HEAD(1=3) 0,112  =0.107 0,421 0,053  0.075  0.022 45,162  1.127 0,570  U,667
S/LC1~4) 0,478  V.436 0,557  0.222 0,212 0.235 67,260  1.818 0,909  1.08%
(2-3) “0.338  -0.554  =0,002  0.003 0,022 =9.02/ 0.720 0,366  U.415
(2-4) 0,028  0.00%  0,0% - 0.172  0.159  0.18¢ 1.160 0,580  ©,695
(5-4) 0,366 0,563 0,116  0.169 0,137  0.215 0.747  U.8Y4
 BASED ON SPLIT INLET M.W.M. DYNAMIC HEAD _ GEOMETRIC  SPLIT INLET
OUTLET(1%2) 0,450  0.407 0,550 0,050  0.050  0.055  /3.721 1.567 1,383  1.805
HEAD(1=3) 0,112  =0.101 0,462 0,053 0,071  0.024 45,162  1.217  1.010  1.485
S/LGI=4) 0,478 €.610  0.589  0.222  0.199 0.2 67,260 - 1.997  1.611 ¢, 498
(2-3) -0,338  -0.502 -0,068 0,003 0,021 =0.029 0777 0,731 0,23
(2=4) 0,028 v,0u9 0;039 0,172 0,149 0,205 ' 1.275 1,165 1.584
(35-4) 0,366  0.511 0,17 0.169  0.129  U.254 - 1.595  1.682
| BASED ON OVERALL LOCAL INLET M.W,M, DYNAMIC HEAD
(2-3) ~0.676  ~1.068  =0,1¢4 0,007 0,044  =0.058
(2=4) 0,056 0,018 0.103 0,546  0.318  0.305

(5=4) 0,438 0,496 0.247 0,202 0.125 D.425> ,
' ‘ BASED ON SPLIT LOCAL INLET M.,W,M. DYNAMIC HEAD

. t2=3) “0.915  =0,163 0,038  =U0.0r0

" (2= 0 016 n 1472 n.272 U.691

= 90Z -
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PERFORMANCE PARAMETERS FOR DIFFUSER NO 2. DUMP GAP 0,8 FLOW SPLIT 0,969

PRESSURE RECOVERIES LOSS COEFFIGCIENTS ETA% AREA RATIOS
MEAN IUNER NUTER MEAN INNER QUTER MEAN 1NNER UUTER
BASED ON OVERALL INLET M.W.M. DYNAMIC MEAD EFFECTIVE MEAN INLET
JUTLET(1=2) 0,480 0,403 0,483 0.031 0,041 0.020 (8,702 1.567 0,731 U.856
HEAD(1-3) 0,246  0.115 0,580 0.U37 0,073 =0,00U 66,857 1.229 0,570 v.6r9
S/L(1=4) 0,539 0.529 0,549 0.206 0,206 ' 0.208 71,646 1.965 0,909 1.088
(-3} -0,.235 -0,358 -0,103 0.006 0,032 ~0,040 0.785 0.364 U,455
(2-4) 0.059 V.056 0,061 0.176 0.164 0.188 ° ' : 1.254 0.580 0.695
(5=4) 0,293 0,414 0,169 0,169 01132 0.208 0,728 0,871
.BASED OGN SPLIT INLET M,W.HM, DYNAMIC HEAD ) GEOMETRIC  SPLIT INLET
QUTLET(1=2) 0,489 0,453 0.511 6.051 0,039 v.021 (8,702 1.567 1,466 1.66¢
HEAD({1~3) 0,246 0,110 0,399 0.037 0,070  =0,0U0 66,857 1.249 1,143 1,354
S/L(1=4) 0,539 V.507 0,576 0,206 0,196 0.218 (1,646 1,997 1,823 2,171
(2~3) -0,235 -0.,563 ~0,113 0,006 0.031 =~0,021 , 0.797 0,780 0,812
(2~4) 0,059 V,054 0,004 0,176 0.157 I ‘ 1.275 1,244 1.502
(5-4) 0,295 0,397 0.,1¢7 0.169 0,126 0,218 : 1,595 1.6U3
BASED ON OVERALL LOCAL INLET M,W,M, DYNAMIC HEAD
(2=3) -0,480 ~0.752 ~0,220 0.013 0,066  «0,041
(2-4) 0.120 V.114 0,125 0,359 0.335 U,385
(5=4) 0,409 2. 74 0,294 0.236 0,154 0,362

BASED ON SPLIT LOCAL INLET M.W.M, DYNAMIC HEAD
L(2=3) 0,606 =0,241 0,060 =0.065

LN @V JSF A | 1 104 n 147 n Ino n A2n

= LOC ~
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PERFORMANCE PARAMETERS FNR DIFFUSER NO 2. DUMP GAP (.8 FLOW SPLIT 1.004

PRESSURE RECAVERIES LOSS COEFFICIENTS ETA% AREA RATIOS
MEAN INMER  OUTER  MEAN INNER  OUTER MEAN INNER GUTER
| BASED ON OVERALL INLET M.W.M. DYNAMIC HEAD EFFECTIVE  MEAN INLET
DUTLET (1-2) 0,488  U.&83  0,4Y3 0,028 0,036 0,019 79,992 1,567 0,729 V. 857
HEAD (1=3) 0,256 0,159 0,568 0,049 0.106  =0.008 62,766  1.267  0.596  0.6¢9
SIL(1=4) 0,545  U,539 0,567 0,206 0,206 0,208 (1,966  1.974 0,909 1.088
(2=3) -0,234 =U.564  =0,1Z5 0,022 0,070 =0,02¢ 0.809 0,381 U,655
(-4) 0,055 0,055 0,054 0,178 0,168 0,189 | 1.260 0,580 0,695
(5-4) 0,289  0,39YY 0,149 0,157 0,097  0.216 0.713 0,859
. BASED ON SPLIT INLET M.W.M. DYNAMIC HEAD | _ GEOMETRIC  SPLIT INLET
QUTLET (1=2) 0,488 0,465 0,513 0,028 0,034 0,080 79,992 1.567 1,489 1,641
HEAD(1=3) 0,254  0.154 0,383 0,049 0.102 =0,0U8 62,766 1,275 1,217 1,551
SILC1=4) U,545 0,519  0,5¢0 0,206 0,196  U.217  (1.966  -1.997  1.856  <¢.154
(2-3) ~0,234  =0.331  =0,150  0.022 0,068 =0.028 0.814  0.817 .81
(e=4) 0,055 0,053 0,057 . 0.178 0,161 0.197 C1.275 1,246 1.500
(5=4) 0,289  0.586 0,187 0,157 0,094 0,225 - 1.525 1,603
BASED ON OVERALL LOCAL INLET M,U,M., DYNAMIC HEAD '
(2-3) “0,486  =0,710 =0,258  0.U44 0,145  =0.056
(2=4) 0,115 0,116 0.112 0,368 0,346 v.390
(5=4) 0,415 0,503 0,298  0.225 0,123 0.360

BASED ON SPLIT LOCAL INLET M,W.M. DYNAMIC HEAD
L(2=3) 0,662  =0,2(9° 0,135 =0.001

"l 2mbY ’ ty 107 n 1.1 n 3235 n L’z

- 80¢ -
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PERFORMANCE PARAMETERS FOR DIFFUSER NO 2. DUMP GAP 0,8 FLOW SPLIT 1,789

PRESSURE RECOVERIES LOSS COEFFICIENTS ETA% AREA RATI0S
MEAN IHUNER OUTER MEAN INNER QUTER MEAN INNER OUTER
BASED ON OVERALL INLET M.W.M. DYNAMIC HEAD EFFECTIVE MEAN INLET
QUTLET(1=2) 0,479 0,511 0,461 0.018 0,023 0.014 78,469 1.567 0,683 U,885
HEAD(1~3) 0.251 0.3¢25 0,210 0,052 0,096  «0,0046 66,547 1.239 0.517 0,743
S/LQI=4)  0.522  0.503 0.4Y3 0.208 - 0,228 0.19¢ 71,106 1,895 0.909 1.088
(¢~3) -0,228  ~0,186 =0,2%1 0.016 0,073  =0,018 0.791 0,330 U474
(2=4) U,043 0.002 0,052 _0.190. 0,205 0.185 1.209 0,580 U,695
. (5-4) 0,270 0.268 0,283 0.177 0,132 0.2V¢ 0.722 0,864
. BASED ON SPLIT INLET M.W.M, DYNAMIC HEAD ) GEOMETRIC  SPLIT INLET
QUTLET(1=2) 0,479 0,556 0,449 0.018 0,025 ‘ 0.014 78,469 1.567 1,893 1.58¢
HEAD(1~3) 0,251 U,3541 0,405 0,032 0,101 -0,006 66,547 1.260 1,633 1,162
CS/L(1m4) 0,522 0,601 0,581 0.208 0,239 0.192 71,106 - 1.997 2,519 1./03
(2-3) -0,228 ~0,195  =0,2645 0,014 0,076 =0.018 0,806 0.757 U,861
(2=4) 0,043 0,005 0,031 0,190 0.215 0,179 ' 1.275 1.331 1.252
(5-4) 0,270 U,260 0,276 0,177 0,139 VY7 - 1,757 1.466
BASED ON OVERALL LOCAL INLET M.W,M, DYNAMIC HEAD ‘
(2=3) =0,455  =0,3569  ~=0,499 0.027 0,145  =0,0506
(2-4) 0,085 U,1¢4 0,064 0,378 0,407 0.365
(5=4) 0,377 0,466 0,345 0.247 0,248 V.260

BASED ON SPLIT LOCAL INLET M.W.M. DYNAMIC HEAD
L (2=3) ~0.442  =0,455 0.173  =0.055

~ (2=6) 0,149 0,Ud8 0,489 0.555

= 60¢ —



PERFORMANCE PARAMETERS FOR DIFFUSER NO 2. DUMP GAP 0.8 FLOW SPLIT 2.202

QUTLET(1-2)

HEAD;H-B)

SILCI=4)
(2=3)
(2-4)

L 5=4)

QUTLET(1=2)

HEAD(1-3)

S/IL(1=4)
(-3
(d-4)

{5=4)

(2-3)
(&=4)

(5=4)

L(2=3)

T d=h)

PRESSURE RECOQVERIES

MEAN

V.454
0,200
0,477

-0,254
0,023

0,276

INNER

0.50U1
0.361
U.557
-0,140
g.0506

0,196

- BASED OH

0.454
0,200
V,47/7
~0,254
0,025

0,276

-U. 489
0.044

0.362

0.544
v,3v2
0,605
~0.152
0.0061

0,213

=0,270
V.07

V,443

0. 578

]

LOSS COEFFICIENTS

NUTER MEAN INNER OUTER
" BASED ON OVERALL INLET M.W.M. DYNAMIC HEAD
0,453 o.027 0,049 0.017
0.127 0,036 0,117  =0.0UU
0,440 0.225 0,247 v.211
-0,505 0.910 0,069 =0.017
0,007 0,196 0,198 0.195
0.3513 0,186 0,130 0.21¢
S5PLIT INLET M.W.M. DYNAMIC HEAD

0.413 0,027 0,053 0.016
0,1¢3 0.036 0,127  =0,000
0,65 0,223 0.268  U,20&
-0,295 0.010 0,074 =0.,0106
0,007 0.196 0,216 0.188
0,502 0,186 0,161 0,206
-0.588 0,019 0.132 ~0,032
0,014 0,377 0.382 0,375
0,564 0,246 0,293 0.255
BASED ON SPLIT LOCAL INLET

-0,521 0,185  =0,0¢8
0.013 0,535 0.,35¢

9,121

ETAZ

(4,574
03,592

67,875

(4,374
©3,592

67,875

MeW,M,

AREA RATIOS

MEAN

EFFECTIVE
1.567
1.18%
1.792
0.754
1,146

GEOMETRIC
1.567
1.233

L 1.997

0.787
1.275

BASED ON OVERALL LOCAL INLET M.W.M, DYNAMIC HEAD

DYNAMIC HEAD

INNER UUTER
MEAN INLET
0.658 V.99
0,491 0,743
0.909 1,088
0,313 V.40
0.580 0,693
0,737 0,883
SPLIT INLET
2,051 1.538
1,529 1.093
2,836 1,602
0,746 0,817
1,381 1.198
1,853 1,466

- Q1¢ -



PERFORMANCE PARAMETERS FOR DIFFUSER NO 2. OUMﬁ GAP 1,5 FLOW SPLIT 0,666

OUTLET(1~2)

HEAD (1~3)

SIL(1=b)
(Z-3)
(2-4)

(5-4)

QUTLET(1=2)

HEAD(1=3)

S/LCI=4)
(2-3)
(2=4)

(5=4)

(2-3)
(2=4)

(5=4)

L (2=3)

*(L=4)

PRESSURE RECOVERIES

MEAN

0,434
v.207
0,469
-0,227
0.035
0,262

INNER

U.416
0,051
V0,646
~0,365
U.010

U,575

- BASED ON

0,436
0,207
0,469
-0,227
9,035

0,262

-0,442

0,068

0,589
0,048

0,599

=0.,54%

v.ov9

0,551

=0.711
0.019

0,452

~},0620

¢.u17

H

1LOSS COEFFICIENTS

ETA%

1,032
48,123

67,122

71,032
48,123

67,122

MyW.M,

OUTER MEAN INNER QUTER
BASED ON OVERALL INLET.M.H.H. DYNAMIC HEAD
0,460 0.053 0,064  0.05¢
0,440 0.105 0,150 0.05¢
0,533 0.213 0,200 0,234
-0,0¢0 0.051 0,086 0.0uVV
0.,u¢3 0.160 0.136 0.197
0,0Y3 0.109 0,050 0.197
SPLIT INLET M.W.HM, DYNAMIC HEAD
0,513 0.055 0,060  0.041
0,691 0.105 0,140 0,041
0,5Y4 0.213’ 0.187 0,201
-0,0e2 0.051 0,080 ¢.000
0.0&1 0,160 0.127 0.22V
0,103 0.109 0,047 0,220 °
~0,059 0.100 0,167 0.00VY
0.%%2 . 0.3M 0,264 0,386
0.2¢1 0,158 0,057 0,469
BASED ON SPLIT LOCAL INLET
~0,050 0,146 ¢, 00U
0.182 0.230 U.495

AREA RATIOQS

MEAN

EFFECTIVE
1.567
1,295
1,780
0,826

1.136

GEOMETRIC
1.5%67
1.345

‘1,997
0.859

1.275

BASED ON OVERALL LOCAL INLET M.W.M. DYNAMIC HEAD

DYNAMIC HEAD

INNER UUTER
MEAN INLET
0.820 B.ra6
0,698 U,047
0,909 1.088
0.446 V.4135
0.580 V,693
0.676 v,.3u9
SPLIT INLET
1.423 1,762
1.211 1.5¢8
1,577 é.>09
0,851 0,887
1,108 1,458
1,303 1.082

=11 -
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PERFORMANCE PARAMETERS FNR DIFFUSER NO 2. DUMP GAP 1,5 FLOW SPLIT 1,068

PRESSURE RECOVERIES LOSS COEFFICIENTS ETAX% AREA RATIOS
NEAN INNER  OUTER  MEAN INNER  OUTER MEAN INNER  OUTER
BASED ON OVERALL INLET M,u,M. DYNAMIC HEAD EFFECTIVE  MEAN INLET
QUTLET(1=2) 0,455 0,453 0.654 0,043 0,057 0,050 (4,278  1.567  0.730 U.856
HEAD(1~3) 0,314  0.259 0,365 0,032 0,097 -0.029 68,757 1,326 0,648  0,6/9
S/LCT=6) 0,550 0,57 0,553 - 0.203 0,211 0.19¢  F2.577 1,988 . 0,909 1,088
(2-3) =0,140  =0,1935  -0,089  =0,011 0.040  =0,05% 0.847 0,413 U, 455
(-4) 0,09/  ©.0Y5  0,U%9  0.101 0,15  0.16¢ ©1.269 0,580 U.695
(3-4) v.236 0,288 0,183 0,172 0,114 0,226 0,685 v. 521
. BASED OB SPLIT INLET m,W.n. DYNAMIC HEAD ~ GEOMETRIC  SPLIT INLET
QUTLET (1~2) 0,455 0,438 0,669 0,043 0,055 0.03% (4,278 1.567 1,523 1,607
HEAD(1=3) 0.314 0,25 0.5/7 0,032 0,095 ~0.050 68,757  1.326  1.350 1,305
S/L{1=4) 0,550 0,529 0,501 0.203 0,204 0,205 /2,577 1,997 1,895  <,u¥2
(2-3) 0,140 =0.187  «0,0Y2  ~0,011 0,039 'nu.601 0,847 0.886 'u.u1g
(2=4) 0,097 0,092 0,702 0,161 0,149 0.1¢35 S ,es 1,245 1.50¢2
(5-4) 0,236 0,279  0,1%4 0,172 0,110 0.255" - 1,404  1.605
BASED OH OVERALL LOCAL INLET M,W,M, DYNAMIC HEAD
(2-3) ~0,277  =U.384 =017 =0,022 0,080  ~0.116
(2=6) 0,192 0,188 0,196 0,319  0.306  0.352
(5=4) 0,361 0,425 0.297 0,263 0.168 0.3>¢

BASED ON SPLIT LOCAL INLET M,W.M. DYNAMIC HEAD
2-3) -0,509  ~0,185 0,076  =0,121

A G VA it 1T H1 n 0L 0 294 0. 345

"'_ZIZ;"



PERFORMANCE PARAMETERS FNOR DIFFUSER NO 2. DUMP GAP 1.5 FLUOW SPLIT 1.754

QUTLET (12>

HEAD(1=3)

S/LCI=4)
(2-3)
(2-4)

(3=4)

QUTLET(1-~4)

HEAD(1=3)

STL(1=4)
(2=3)
(Z=4)

(5-4)

(&=3)
(£-4)

(5=4)

L(2=3)

v (2=4)

PRESSURE RECOVERIES

MEAN

0.458
0,324
0,553

-0,134

0,095

0,228

0,458
0,324
0,555
0,134

0,095

0,228

-0,259
0,185

0,366

IHNER

BASED ON OVERALL INLET N,.W.M.

DUTER

H

LOSS COEFFICIENTS

MEAN

INNER

QUTER

DYNAMIC HEAD

ETAX

(5,029
67.615

f5.068

(5,029
67.615

5,068

0. 481 0,444 0,026 0.037 v.019
0.3%4 0.507 0,053 6.145 -0.00U
0.570 0,942 0.179 0,234 0.148

~0.147  =0,158 0,027 0.108  =0.01Y -
0.089 0,UY3 0.154 0,197 0,129
0.216 0.256 0.127 0. 089 0.148
. BASED ON SPLIT INLET 11.W.M. DYNAMIC HEAD
0,501 0,455 0.026 0,039 0.018
0.35069 0,500 0,053  0.151  ~0,000
0,593 0,551 0.179 0,243 0.165
-~0,152  =0,155 0,027 0.112  =0.019Y

0.0¥2 0,096 0,154 0,205  0.1¢¢

0,225 0,250 0.127 0.092 0,145
~U.266  =0,206 0,052 0,209  =0.05/¢

0,172 0,190 0.298 0,381 0.250

0.468 0,529 0,205 0,192 U.20¢

BASED ON SPLIT LOCAL INLET M.W.M.

0,287  =0,246 0,246  =0,054

0.201 0.175 0.464 0,251

AREA RATIOS

MEAN
EFFECTIVE
1.567
1,355
1.903
0,865

1.215

GEOMETRIC
1.567

1.377

C1.997

‘0.&?9'

1.275

BASED ON OVERALL LOCAL INLET M,W,M, DYNAMIT HEAD

DYNAMEC HEAD

INNER QUTER
MEAN INLET

0,657 V.Y10

0,570 0.807
0.909 1,088 .
‘0.364 4.515
0.580 v,o¥5%
0.660 V.791
SPLIT iNLﬁT
1.760 T.45¢2
1.528 1.287
2,437 1.7506
0.868 | U,886
1.384 1.196
1.595 1,549

- €12 -
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PERFORMANCE PARAMETERS FOR DIFFUSER HO 2, DUMP GAP 1.5 FLOW SPLIT 2,289

PRESSURE RECOVERIES LOSS COEFFICIENTS - ETAX AREA RATIOS

MEAN INNER  OUTER  MEAN - INNER  OUTER MEAN INNER  OUTER
BASED ON OVERALL INLET M.W.M. DYNAMIC HEAD EFFECTIVE MEAN INLET
JUTLET(1=2) 0,436  U,403 0,420 0,044 0,062 0.056 (7,489 1.567 0,615 0,951
HEAD(1=3) 0.309  0.406 0,267 0,059 0,160 0,015 68,580 1.320 0,564 0,859
S/L(1=4)  0.478 0,56 0,443 0,211 0,252 0.195 68,767  1.772 0.909 1,088
(2-3) -0,127  =0,v67  =0,134 0,015 0,097  =0.027 - 0.842 0.347  U.555
(-4 0,042 U.U/3 0,028 0.167 0,189  0.158 1.131 0,580  ©.695
(5-4) 0,169 0.140 0,182  0.152  0.092  0.17Y 0.658  0.r87
BASED ON SPLIT INLET f1.W.i. DYNAMIC HEAD |  GEOMETRIC  SPLIT INLET
DUTLET (1=2) 0.436  0.519 0,405 0.044 0,068 0.056 (1,489 1.567 1,967 ° 1.384
HEAD (1=3) 0,309 0.446 0,257 0,059 0,175 0.016 68,580 1,382 1,738 1.221
SILC1=6) 0,478 0,600 0,652 0,211 0.276 0,186 68,767  1.997 2,905 1,984
(2=3) 0,127 =0_0¢3 ~0,143 0,015 0,107 -0, 020 0,882 0,884 v.882
(2=4) 0,042 0,080 0,027 0,167 0,208 0,15 1,275 1,477 1.144
(5-4) 0,169  0.1%6 0,175 0.152  0.101 0.172 ‘ 1,672 1.298
BASED ON OVERALL LOCAL INLET M.W,M, DYNAMIC HEAD
(2-3) -0.245  =0.1¢8  -0.496  0.U28 0.187  =0.04U '
(2-4) 0.080  U,141 0,094  0.321 0,365 0.306
(5=4) 0.268 0,405 0,240  0.249 0.267  0.256

BASED ON SPLIT LOCAL IWLET M.W.M. DYNAMIC HEAD
L (2-3) ~0L108 =0,264 0.259 =0.056

L 3 DALY ) n ayn n nan Y S04 n 271

- yie -



PERFORMANCE PARAMETERS FOR DIFFUSER 110 3. DUMP GAP 0.4 FLOW SPLIT 0.694

PRESSUKRE RENAVENIES LOSS COEFFICIENTS ETAYZ AREA RATIOS
ME AN TNNER  DUTER  MEAW INNER  OUTER MEAN INVER  OUTER
BASED ON OVERALL INLET M.W.M. DYNAMIC HEAD EFFECTIVE  MEAN INLET
QUTLET(1-2)  0.555 1.565  0.647  0.060 , 0.079  0.052  78.756  1.800  0.8335  0.967
 HEAD(1=3)  ~0.199  =U,647 0.447  0.056  0.027 0.106~2092.593  0.983 0.464  0.955
S/LC1=4) 0.370 0,245 0,550 0.323 0,397 0,218 52,531 i.805 0,909 1,088
(2~3) 0,756  ~1.1L2  =0,%81 =0,0064 ~-0.058  0.07S 0.546 0.258 U.520
(2-4) ~0.185%  =0.260  -0.073  0.263 0,318 0,185 1.003 0.505  U.605
(3-4) 0.569 0,892  0.1U3  0.268  0.376  0.112 0.650  U.7r8
" BASE" ON SPLIT IMLET {.W.li. DYNAMIC HEAD 5 GEOMETRIC  SPLIT INLET
QUTLET(1=2) 0.555  U.4rh 0,694 0.060  0.074  0.056  78.756 1,800 1,465  2.261
HEAD(1-3)  ~0.199  =0.6U7  0.4¥4  0.056 0,020  0.11/=2092,593 1,399 0.815  2.169
S/LCT=4) 0.370 b.230  0.6U3  0.323  0.372  0.261  52.331 1.997 1,599 2,525
(2-3) -0,754  =1.08%  =0.200 =0.004 -0.054 0,081 0.777  0.556  0.968
(2-4) ~0.185  =U_264  =0_086  0.263  0.298 0,205 1.110 1.091 1,126
(3-4) 0,569 0.857 0.114  0.268 0,352 0.126 ) 1.961 1,163
BASEZD ON OVERALL LOCAL INLET M.W.M. DYNAMIC HEAD
(2-3) ~1.059  =2.993  =0.4/0  =0.011 =0.150  0.190
(2-4) ~0.482  =0.606  =0,203 0.684 0.826 0.4381
(3-4) 0,497 0,527 . 0,292 0.256  0.222  0.319

BACED uUN SPLIT LOCAL INLET M.W_M. DYNAMIC HEAD

(£=-3) =2, 587 -0.740 -0.120 0.300

- Gl¢ -



PERFORNANCE PARANLCTENS

0UTLEf(1‘2)

HEAD(1=3)

SILCI-4)
(2-3)
(2-4)

(3-4)

OUTLET(1-2)

 HEAD(1-3)
S/LC1=4)
(2-3>
(2-4)

(5-4)

(-3
(2-4)

(5-4)

(2-3)

- FO AR

PREASURE RCCNVENIES
QUTEY

HEAN

-1.577
-0.415

G.428

*

HRER

L6014

L4

b.ohon

L24n
.505

L2035

Y60

9.
0.
G.
-a.
-0,
0.

SeLIT

0.

-..0.

0.

-0.

_0.

0.

»
[

P

-

BASED UN OVERALL I

6h4H
353
549

299

103

191
Ineg

o063

113

U0

8487
340

240

V25

LA

FOR DIFFUSER !0 3, DUMP GAP 0.4 FLOW SPLIT 0,964

0SS COEFFICIENTS ETA%

CMEA INNER OUTER MEAN
MLET M.4.M. DYNAMIC HEAD EFFECTIVE
0.028  0.048 0.00¢  90.106 1.800
-{.019 0;023 «y,00¢ 58,989 1.078
C.248 0,284  0.209  65.900  1.963
~0.047  =0.0Z25  -~0.06Y 0.599
0,279 0.236 0.205 1.090

0.266 0.261 0.27¢
ET 11.4.14. DYNAMIC HEAD N GEOMETRIC
0.028 0.046 D.007 90,106 1.%00
-0.019 0,022 =0.065 58,989 1.106
0.248 0,273 0.29Y 65,900  1.997
~0.047  -0.026  -0.072 0.615
0.219  0.226  0.21¢ | 1.110
0.206 0.250 V.28
BASED Qif OVERALL LOCAL INLET M.W.M. DYNAMIC HEAD
~0.740  =0.075 =0.20>
0.651 0.702 0.602
0.291 0.225 U.41¢

BAGED ON SPLIT LOCAL INLET M.W,M. DYNAMIC HEAD

-0‘066 _0-25(

Fal FARS WA FLl FAYAN N

AREA RATIOS

INNER UUTER
MEAN INLET
0.819 0.981
0.491 u,616
0,909 7,088
0.273 0,542
0.505 © u.605
0.822  U.984
SPLIT IWLET
1.646 1.955
0.986 1.225
1.827 2,166
0.599 u.,627
1.110 1,109
1.853 1,768

- 9tz =
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PERFORNANCE PARANETINS FAN OIFFUSER !0 3. DUMP GAP 0,4 FLOW SPLIT 1.389

QUTLET (1-2)

HEAD(1=3)

S/L(1=4)
(2~3)
(2-4)

(3~4)

QUTLET(1~2)

HEAD(1-3)

S/LCT=4)
(-3
(2-4)

(5-4)

(-3}

(¢~4)

BASED 0l OVERALL LOCAL INLET M.W.M. DYNAMIC HEAD

ETA%
MEAN

EFFECTIVE
93.646 1.800
(5,975 1.137
68.827 1.982
0.631
1.101

GEQMETRIC
93,646 1.800
(5.975 1.138
63,827 1.997
0.632
1.110

PRESSGURE RECAVENIES L0S3 COEFFICIENTS
MCAN fNER NUTER MEAN INNER QUTER
SASED ON OVERALL INLET M.W.M. DYNAMIC HEAD
0.660  H.6/(2 0.651 0.007 0-028 ‘-0-006
0.197 g.210 0.132 -0.024 0.013 “0.05v
0.521 NL.h54 0. 497 0.230 0.235 0.226
~0.563 - 454 ~0.4060 ~-0.0U31 -0,015 -0.045
-0.7139 -0,119 -0.15%4 0.223 0,207 0.234
0,323 n.355 6.3515 0.256 0.222 0.27¢
DAGED N 32LIT INLET M.W.1l. DYNAMIC MEAD

0.606u N.6704 0.659 0,907 0.n028 -0.0U8
0.797 0,219 2,182 =0.,024 0.013  =0.050
0.521 0.555 0,495 0.230 0.236 0.226
-0, 565 ~1.,60%  =0,403 -0,031 -0.015 -0.042
~0.539 =110 <0154 0.223 0.208 0.234
0.323 0,356 5.514 C.256 0.223 0.2¢¢
~1.391 =1.365  =1,40¢ -0.094  -0.046 -0.128
-0.419 ~0.356  ~0.4064 0.670 0.623 0.708
0,391 N.657 . 9,362 0.307 0,290 0.518
BASED ON SPLIT LOCAL INLET

-1 .524 ~%,50¢

sy 4 | FERIE] R . § 2 e m

-0.051

~

-0.119

L

M.W.M.

AREA RATIOS

DYNAMIC HEAD

INNER QUTER
MEAN INLET
2.318 0,982
0.491 V.04l
0.909 1.088
0.275  0.560
0.505 U.,605
0.799 U.95¢
SPLIT INLET
1.952 1.690‘.
1.170 1.114
2.169 1.804
-0.599 V.659
1,191 1.109
1.353 7,082

= Lic -



PERFORNANCE PARAMETENS

QUTLEY (3-2)

HEAD(1~3)

S/LC1=4)
(2~3)
(2-4)

' (.5"'4)

QUTLET (1=2)

READ(T~-3)

SiL(j-é)
(2-3)
(2-4)

(3-4)

(£-+3)
(2-4)

(5-4)

(&=-3%)

S £e=4)

PRE
r'T E J%l :

¢.591
0.087
0,451
~0.504
-0.139

0.:’64

0.591

0.087

3SUR™E
MUINED

BASED OH
fH,.0591

0,393

-1:,258
-0 0yt

N.177
BASED ON

0695
¢. 420
., 603

0. 206

-0, 087

g, 169

=0.6%9

OVERALL

RECAYERIES

QUTER

O-boﬂ
-0.,063
0,393

-0.0643

FOR NIFFUSER O 3.

L0SS COEFFICIENTS

MEAN

iNLET NMoW.M.

BASTD Ox OVERALL LOCAL INLET mM.W.M. DYNAMIC HEAD

INMER

OUTER

DYNAMIC HEAD

0.940 0.047 0.0306
=0.001 0.060  ~0.031
0,257 0,238 0,267
~0.041 0.013  ~0.06¢
0.217 0,190 0.250
0.258 0,173 0.29¢

ET n.W.i1. DYNAMIC HEAD
0.040 0,051  0.055
“0.001 0.064  -0.050
0.257 0,254 0.259
~0.04%1 0.014  =~0.065
0.2497 6.203 0.225
¥.258 0.789 0.288
-0.111 0.035 =-0.181
0.588 0.516 6.624
0.282 0.3067 0.264
BAGED ON SPLIT LOCAL INLET
0,054 ~0.15%¢
n 790 B 541

DUMP GAP 0.4 FLOW SPLIT 2.049

ETA%

83.811
2,099

63,190

83,811

22,099

63,190

MW, M,

AREA RATIOQS

MEAN
EFFECTIVE
1.800
1.0?1
1.829
0.595

1.01¢

GEOMETRIC
1,800
1.138
1.997
0.632

1,110

DYNAMIC HEAD

INNER OUTER
MEAN INLET
0.796 1.004
0.491 U.647
0.909 1.088
0.273 U.560
0.505 U.605
0.799 0.957
SPLIT INLET
2.350 1.519
1,449 V.99
2,685 1.646
0.617 V.644
1.143 1.084
1.853 1,082

- gl¢g -
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PERFORMANCE PARANRETENS TOR NIFFUSER MO 3, DUMP GAP (.7 FLOW SPLIT 0.596

PRESSURT PECAYLRIES 1.L0SS COEFFICIENTS ETA% AREA RATIOS
ME AN THNED OUTER ME A INNER  OUTER MEAN INNER QUTER
BASED Off aVERALL INLEY M.U. M. DYNAMIC HEAD EFFECTIVE MEAN INLET
OUTLET.('i/"ZJ 0463 N.455 0.508 0.089 0.097 0.07% 65.672 1.800 0.85¢0 0.Y50
HEAD(1=3) 0,003 =, 13% 0.4r9. 0,018 =0.025 0,08y  51.960 1.079 0.570 V.11
S5/L¢T=4) 0,424 U, 3h7 0.556 0,254 0.236 0.251 62,919 1.711 0.909 1.088
(2-3) ~0,77¢ =UL5/5 0 =0,0e¢0  =0,072  -0.,123 0.014 0.5¢9 0.317 0.395
(2-4) ~0. 039 -0.070 0,023 0.745 0.138 0.156 0.951 0.505 0,605
(3-4) 0.331 0,495 9.057 0.217 0.261 0.142 .0.?10 U850
© DASED on 4PLIT INLET n.¥.u. DYNAMIC HEAD GEOMETRIC  SPLIT INLET
OQUTLET(1=2) 0.463 0,406 0.5¢7 0.049 0.091 0.085 65,672 1.800 1.418 ¢, 500
HEAD (1=3) 0.095  =0_1¢¢ 0.5%44 0.018  -0.024 0.101 51,969 1.281 0.952 1,003
S/L(1=4) G.424 0,353 N.6US 0.254 0.220 0.26¢ 62,919 1.997 1.518 2. 715
(2=3) “0.Z70 =0,535 -0,033  =0.072 ~0.114 0.016 0.712 0.671 0,768
(2-6) -0.039  =0.0¢3 H.052 0.145 0.129 0.17¢ 1.110 1,070 1,145
(5-4) 0.331 0. 462 9.0063 0,257 0.246 0.161 1.595 1,551
BASED 01 OVERALL LOCAL INLET M.w.,M. DYNAMIC HEAD
(2-3) “0.827  =1.251  =0.065 ~0.161 ~0.274 0.052 |
(2-4) ~0.087  ~0.%75 0.062 0.523 0.309 0.349
(5-4) 0.372  n,40%T 0,182 0.243 0,217 0.455
BASED oM SPLIT LOCAL INLET M,W.M. DYNAMIC HEAD
(2-3) =T.066 -0,095 -0.228 0.048
(20 R A A i - -

- 61¢ =



PERFORIMANCE PARAMET

QUTLET(1-2)

HEAD (1-3)

S/LCi=4)
(2~3)
(2-4)

(5-4)

QUTLET(1=-2)

HEAL(1-3)

S/L(1-4)
(2-3)
(-4

(5-4)

(2-3)
(2=4)

(3-4)

(2-33

RPLYD]

DRESTURF RECAVERIES

MEAN T

HHER

QUTER

DASED ON avInaLL

0.5%3¢ N.526

0.225 n.e10

0,552 1,546

-0.207 -, 397
0,02V nLouen

0.227 %7

BASED Ok

G.53¢ 0506

C.325 0,211

0,552 0,.52%

-0.207 -t 290
U.c2¢ 0,039

0.227 0,319

-0.507 -0 _¢53
0,048 G_048

D.32Y TS

~0 693

0.556
0.450
0.555
=0.,193
0.uegn

9.18
SPLIT InL

D.b00

=D, 2065
0.04%

Q.251

=-0.2%0

[ 4 30 B

TRS FOR DIFFUZER N0 3,

L0SS COEFFICIENTS

BASCD O OVERALL LOCAL INLET M.W,M. DYNAMIC HEAD

ME AL INNER QUTER
NLET M.W. M, DYNAMIC HEAD
0.060 0.070 0.069
-0.015  =0.007 -0.025
0.196 0.198 0.1995
~0.075  =0,077 =0.07¢
0.157 0.128 0,146
S 0.212 0.205 0.218
ET f.W.1. DYNAMIC HEAD
0.060 0.067 0.051
~0,015  ~0.907  =0.,024
0.196 0.190 0.2035
-o;ors -0,074 =0.075
0,137 0.123 0,152
0.212 0.197 0.22¢
-0.183  ~0.188  =0.17¢"
0.335 0.314 0.358
H.307 0.247 0,394
BASED ON SPLIT LOCAL INLET
~0.173  =0.195
n a0 n ;zu'1

ETA%

MEAN

EFFECTIVE
f5.528 1.800
31.622 1.261
3,071 1.9738
6.701%
1.099

GEOMETRIC
5,528 1.800
81,622 1.281
(3,071 1.997
0.712
1.11¢0

Ma¥.

M.

DUHP GAP 0.7 FLOW SPLIT 1.017

AREA RATIOS

DYNAMIC HEAD

INWER VUTER

HEAN INLET
0.791 1.009
0.570 0.1
0.909 1.0838
0.37 U.595
0.505 U.6U>
0.710 0.859

SPLIT INLET
1.626 1.965
1.172 1.584
1.869 2,120
D,724% U.70>
1,149 1.079
1.595 1.551

~ 0cg ~



EaY

PERFORMAMCE PARANETINRS FAR DIFFUSER 10 3, DUNP GAP .7 FLOW SPLIT 1.611

PRESSURT RECAVERIES LOSS COEFFICIENTS . ETA% AREA RATIOS
NEAN THHER OUTER MEAN INNER OUTER MEAN INKER OUTER
| SASED Ol OVLRALL IuLéT M.4.M. DYNAMIC HEAD EFFECTIVE MEAN INLET
QUTLET(1~2) 0.538 .55% 0.52% 0.059 0.080 0.040 716.286 1.800 0.796 1.004
HEAD(1~3) 0,340 IR TR 0.3u7 0.032 0.071% 0,008 73,945 1.331 0.570 U.774
S/LCI=4) 0.555 .59 0.553 0.185 0.211 0.169Y (4,464 1.938 0.909 1.088
(2=3) 0.9 =007 =0,2¢42  =0.027 ~0.009 =0,05% 0,739 0.317 V.450
kz—u 0.017 SO 0AD 0,003 0.126 0.131 0.144 1.077 0.505. V.6U5
(5-4) C.215 5.197 0,225 0.153 0.140 0.161 0.676 U.809
BASED ON SPLIT INLET N.W.M. DYNAMIC HEAD ;o GEOMETRIC  SPLIT INLET
QUTLET(1=2) 0.538 U.504 0.522 0.059 0.081 0.045 (6,286 1.800 2.044 1.644
HEAD (1-3) 0,340 TRATE: 0.303 ¢.032 0.9073 0.008 (3,945 . 1.345 1.463 1.269
5/L(1=4) 0.555 n,6u% 5.525 0.185 0.216 0.167 (4,464 1.997 2.334 1.783
(2-3) ~0.,597  =n,10%  =0.21% =~0.027  =0.009  -0.035¢ 0.747 0.716 0,702
(2-4) 0,017 SN 9.003 0.126 0.134 0.,12¢ 1.110 1.142 1.084
(5=4) 0.215 H.2032 0,222 0.153 0.143 0.15Y ' 1.595 1.405
BASZD OH OVERALL LOCAL INLET M, W_ M, DYNAMIC HEAD
(2=3) QLB 0,390 =0.550 ~0.066 40.021 -0.09¢6
(2~4) 0.043 §no09o 0,003 0.313 0.325 0.306
(5-4) 0.342 U586 0,522  0.244  0.273  0.251

BAZED ON SPLIT LOCAL INLET M.W.M, DYNAMIC HEAD
(Z-3) =, 455 =0.505 ~0.045 -0.0806

«  (2-4) _ 0.116 0.003 n 279 N 2RI

- 1ée =



PERFORMANCE DARANMETIRS FNR DIFFUSER NO 3, DUNP GAP 0.7 FLOW SPLIT 2.298

PRE5SSURE RECAVERIES 1.0SS COEFFICIENTS ETA% AREA RATIOS
ME AN TINER OUTER  MEAM INNER OUTER MEAN INNER VUTER
BASED UN OVERALL INLET M.4W.M. DYNAMIC HEAD EFFECTIVE . MEAN INLET
QUTLET(1~2) 0.523 0.564 9.506 0.022  0.022 0.027  (4.206 1.800 0.790 1.010
HEAD (1=3) 0.276 v.627 0.2u7 0.041 0.121 ~ 0.006 67,972 1.266 0.517 U.s07s
S/LCT~4) 0,498 0,566 '0_409 0,791 . 0.233 0.172 (1.746 1.770 © 0.909 1.088
(z-3) ~0.249  =0.134  =0.299  0.019  0.099  =0.015 0.705  0.287  0.448
(2~4) -0.025 0,005 l-o_05r 0.169 0.212 G.15%¢ 0.983 0.505 0.605
(3-4) 0,224 0,158 n.2062 0,150 0.112 0.16¢ 0.687 0,822
CASED ON SPLIT INLET M.W.M1. DYNAMIC HEAD . GEOMETRIC SPLIT INLET
QUTLETC(1=2)  0.323 0.616 0.6853 0.022 0.024 0.020 (4,206 1.800 2.505 1.4¢5
HEAD(1~3) 0. 074 U, 4069 | 0.200 0.0241 0,133 0.006 67.972 - 1.324 1.641 1.9¢3%
S/LC1=4) 0.498 0,621 0.452 0.191 0.256 0.166 (1,746 1.997 2.884 1,589
(2-3) C-0.74Y 0147 =0,288 0.019 0.109 =0.014 0.735 - 0.655 U.r98
(2-4) ~0.025  ©.005  -0.056  0.169  0.233  0.146 © 1.110 1,151 1,007
(5~4) 0.224 6,152 0,252 0.150 0.123 0.160 1.757 1.569
| BASTD Oi OVERALL LOCAL IWLET M.W.M. DYNAMIC HEAD
(2-3) -0.548  =0.29&  =0,657 0. 041 0.219  =0.05¢
(2~4) ~0.054 0.01%7 ~0.082 0.371 0.466 0.356
(5~4) 0.%28 0,382 0.577 0.219 0.310 0.202

"BACED ON SPLIT LOCAL INLET M.W_M. DYNAMIC HEAD
(2=3) “0.&06  =0.535 0.303  =0.029

(2-4) D_o0i5  =0.0(¢3 YA Ry

- zgz -



PERFORNANCE PARAMETERS FOR DIFFUSER [0 3.

QUTLET (1-2)
HEAD (1=3)
. ”

SIL(1=4)

(5-43

QUTLET(1~2)
HEAD(1-3)
S/L(1~4)

(-3

(2-3)
(2-4)

(5-4)

PRESGIRE PECNOYERIES

MEAN

C.h6Y

~0.485
-0.029

0,289

THMED

GAGSED GH OVERALL

N, 440
B, 0u5
0, 599
~0.363
-1, 040

0,514

DASED OH

0,647
0,080

D374

- 0N

OLTER

LOSS COEFFICIENTS

MTAN

INLET M.W.M.

INNER

OUTER

DYNAMIC HEAD

0.4Y5  0.u77  0.079 0.0735
0.454 0,054  =0,032 0.129
0.557  0.216  0.207 0.230
-0.014 ~0.043 -0.111 0.00¢
0.059 0.139 0.128  0.158
0.053 0,162 0.239  0.107
INLET N.W.ot. DYNAMIC HEAD

9.551 0.677  0.074  0.080
0.555 0.034  =0.,030 0.145
0.594  0.216 0.194  0.255
-0.015  ~0.043  ~0.104  0.065
0.043 0.139 0.720 0.1
0.U5¢ 0.182 0.224  0.11¢
“6.05%  =0.095  =0,245 0.1¢5
0.086 0.307  0.281 0.34%
0.163 0.256  0.236 0.348
BASED ON SPLIT LOCAL INLET

-0.042 ~0.206  0.170
N e A e N

DUMP GAP 1,2 FLOW SPLIT 0.691

ETAX

66,502
(0,776

64,550

66,502
(0.776

64,550

M.W.M. DYNAMIC HEAD

MEAN

EFFECTIVE

1.800
1.214
1.802
0.674

1.001

GEOMETRIC

1.800
1.435
1.997
0.797

1.719¢

BASED 0O OVERALL LOCAL INLET M.W.M. DYNAMIC HEAD

AREA RATIOS

INNER UUTER
MEAN INLET
0.841 g.9oYy
0.596 V.y539
0.509 1.088
0.331 U.406
0.505 0.602
0.634 u,r75Yy
SPLIT INLET
1.471 2,239
1,043 1.998
1.590 2,04
0.709 V.875
17.081 1.135
1.525 1.298

- gee -



PERFORMANCE PARAMETONS FOR DIFFUSER NO 3. DUMP GAP 1.2 FLOW SPLIT 0.955%

PRESSVURT RENAVERIES 1.0SS COEFFICIENTS ETA% AREA RATIOS
HEAN THHED OUTER  HEAI INNER QUTER - MEAN INNER GUTER
DASED O AVERALL IHLET M.WU.M. DYNAMIC HEAD EFFECTIVE MEAN INLET
OUTLET (1=2) 0.%305 0.490 0.515 0.064 6.070 0.05¢  (1.357 1.800 0.3804 0,996
HEAD(1=3) 0.358 n,2r6 0.644  =0.079  ~0.007 -U.05Y  3.835 1.292 0.622 v.609
sr[<1-4> 0,753 D540 0557 6_13? 0,171 0,206 73,591 1.960 0.909 1,088
(¢=3) SL1AD -0LZeT =0.065  -0.083  =0.078  -=0.08/ 0.718 0.346 0.507
(£=4) ' 0.050 0.uod O.04&7 0,123 0.100° 0147 1.089 0.505 0.60b
(5-4) 0,195 0,273 0.117 0.205 0.178  0.254 0.699 0.85¢
0 BASED 0N SPLIT OINLET 1.W.1l. DYNAMIC HEAD . GECMETRIC SplLIT INLET
QUTLEY (1~2) 0.503 o4 .554 _ 0,064 0,067 0.05v {1,357 1.800 1.601 2. 001
HEAD (1=3) 0.358 0,264 0.46%  =0.079  -0,007 -0.032 83,835 1.301 1.238 1.564
S/L(1=4) 0.553 C,.546 H.5835 0.147 0.164 0.215 ’3,.591% 1.9¢7 1.309 £.187
(£-3) -G ,140 ~t1 274 -0.005 -0 033 -0.074 -0.091 0.723 D.773 g,682
(2-4) 0.050 0,50 5,040 0,123 0.096  0.154 1110 1.131  1.093
(5-4) - 0,495 0,207 N.138 0,205 0.171 0.245 o 1.462 1,603
RASED 0Ou OVERALL LOCAL INLET M.W.,M. DYNAMIC HEAD
(£~3) ~-C.334 L ~C.T519 ~-0.%21 “0.179 ~0.207
(2=4) 0,915 0,925 9.109 0.284 0.23% 0.340
(5=4) C.295 o302 N.208 0.391 p.2350 0.435
BASED ON SPLIT LOCAL INLET M.W.M. DYNAMIC HEAD
(2-3%) ' - 40D f0.103 -0.163 ~0.,224

(2=4) ' 0noran A Mo A mma ~

- vic —=



PERFORNAMNCE PARANLTIENS T

QUTLET(1-2)
HEAD(1=3)
rd
5/LC1=4)
(2=3)
(2-6)

(5-4)

QUTLEV(1=&)
HEAD(T1-3)
SIL(Y=4)
(2-3)
(2-4)°

(5-4)

{(£~3)

(2=4)

{2-3)

v (=)

PRESTURE REMNNAVEPIES

NEAN

0.515

0.5967

0.313
0,397
0.565

-0.11°

THHIN
DASLED OH
h.5dh
5%k
LR T3
-0.,150
.01

e, 19
DAGED o

0,547

o~

AR

RN A

0,300

-0,3554

CL.100

NN ODIFFUSER 110 3.

NUTER MEC AL

0,506 G059 0.083 0.065
0,400 G.Ut4 0.071 -0.,056
0.553 0,172 0.224 0.161
=0.107  =0.055  =0.012  =0.081
0.047 0.113 0.141 0.096
0,153 0.168 0,152 0.17¢
SPLIT IMLET M.W.M. DYNAMIC HEAD
0.497 0.059 0.085 0.044
0.392 0.004 0.073 =0,036
5,563 0.472 0.237 0.159
=0.705  =G.U55  =0,012 =0.07Y
5.046 0.1%3 0.145 0.095
0.15] 0.168 0.157 0.174
BASTD 03 OVERALL LOCAL INLET M.W.M.

~0.249 =0.%28  =0.027 -0.18Y
N.710 0.264 0,320 D.225
0.254 V. 281 0.302 0.271
BASED UN SPLIT LOCAL IHLET

-0.2¢3 ~0.032  ~G.175
0100 nozZRrA nooana

.LOSS COEFFICIENTS

INNER GUTER

AVERALL SHLET #M.W.M. DYNAMIC HEAD

DUMP GAP 1.2 FLOW SPLIT 1,703

AREA RATIOS

ETAZ

MEAN

EFFECTIVE
f2.728 1.800
80.09¢ 1.378
6,393 1.916
0,763
1.064

GEQMETRIC
(2.728 1.800
80,099 1.382
16,393 1.997
0.768
1.110

M.W. M.

DYNAMIC HEAD

DYNAMIC HEAD

INNER CUTER

MEAN INLET

0.770 1.050
0.344 U, 5359
0.509 1.088
0.302 D.460
0.505 0,005
0,858 U.r87
SPLIT INLET
2.036 1.65¢
1.438 T.549
2.404 1.75¢
0.706 .84
1.181 1,056
1.672 1.29%8

- §é¢ ~



-

PERFORMANCE PARAMETENRTS FAR DIFFUSER NO 3, DUMP GAP 1.2 FLOW SPLIT 2.288

PRESSURN RECNVERIES ' 1L0SS COEFFICIENTS ETAY% AREA RATIOS
MEAN PUINEPD NTER MEAH INNER QUTER | MEAN INNER UUTER
JASLD ON OVERALL INLET M.U.M. DYNAMIC HEAD EFFECTIVE MEAN INLET
QUTLET(1+=2) 04906 0.518 n. 48T 0.066 0.089 0.056 f0.389 1.800 0.736 1.064
HEADC(T1=3) 6.372 CLL5% 0.545 0.024 0.117 =0.0%6 73,818 1.389 0.517 U.903
S/L(1=4) 0,526 "nos7L 0,506 0,162 0,224 0,135 75 689 1,772 0.909 1,088
(¢-3) -0.124 =008 ~0.142  =0.042 0.027 =0.072 0.772 0.287 0.502
(2-4) ¢.020 0,056 . 0.07%0 0.0u6 0.135 0.078 0.984 0.505 U.605
(3~4) 0.754 0,138 £.104% 0.337 0.107 0.15U _ 0.640 u.res
CASED (0" SPLTT INLET M.W.H. DYMAMIC HEAD . GEOMETRIC SPLIT INLET
QUTLET(1~2) 0.4906 1,500 9,460 0.066 0,098 0.054 (0.389 1.800 2.350 1.549
HEAD(1~3) 6;3?2 0,408 5.552 0.024 0.128  ~0.015 /3.818 1.420 1.652 1.515
st(1-é> 0,526 nLo50 0,487 0.162 0.246 0,154 (5,689 1.957 2.903 1.584
(2-33 -0.%24 =1 090 -0.157 -0, 042 0.4930 0,070 | 0.789 ~0.703 U,849
(2~4) 0.630 £.007 N.013 0,006 0.148 0.005 | 1.1190 1.235 1.023
(3-4) 0.154 D152 5,155 ‘0.13? 0.118 0.145 1.757 1.205
BASED ON OVERALL LOCAL INLET Mm.W.M. DYNAMIC HEAD
(2-3) -0.2835  ~0.188  ~0.523  ~0.095 0.063  =0.165
(2-4) 0.069  U.1¢n 0,043 0,298  0.308  0.179
(3=4) 0.256 0.385 0 0,227 G.zaa' 10,299 0 0.21¢

BATED ON SPLIT LOCAL INLET M.W.M. DYNAMIC HEAD
(-3 ~t.e2lt =0, en7 0.090  =0.140

Lg=4) T A nen A r e n o ma

- 9c¢ —
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APPENDIX §

BOUNDARY LAYER PARAMETERS

§°=1.20

FULLY DEVELOPED ENTRY CONDITIONS




BOUNDARY LAYER PARAMETERS

IQLET
OUTLET
S/LINNER
S/LOUTER
HEAD [NHWER

HEAD QUTER

INLET
QUTLET
S/LINNER
S/LOUUTER
HEAD IHHNER

HEAD QUTER

THLET

QUTLET

UBARJUNAX DELTASTAR % THETA

MEAN  OMEAN MEAN
0.8/28 15.839 10.771
0.8554 18,528  42.475
0.858¢ 10994 13,759
0.9531 6.502 5.%31
0.8527 5,343 3,860
0.79Y79 (.37 5,242

INNER OUTER INMER QUTER INNER 1

0.3796
07340
0.8294
0.93501
H.8213

07645

Y

n.956¢

SPLIT ROQUNDARY LAYER PARAMETERS

0.867> 5,765  6.863 4,539
@-8255 0.804& 14.157 0700
.Y4190 1Q,U?H 1.24% 12.1?0
0.942/7 4,635 1.69Y5 3,766
g.97%22 5.304 0.035 3,802
g- 05 0.0?1 6. 767 Q.66

SPLIT noUNDARY LAYER PARANETERS
0.84035 6,731 L 6,440 L 652

0.7087 2.541 12,767 2.302

% SHAPE FAC
| MEAN
1,2848
-1.&852
1.30¢07
1,26704
1.39146
1.4074
UTER INNER” 0
(ABOUT MAX.VEL)
5,297 " 1.270
?.405 1.1748
1.0356 1.321
1.259 1,251
0.034 1.395
L.955 1.077
(ABOUT S/5)
5,204 1.339
8,126 1.104

FOR DIFFUSER NOT, DUMP GAP 0.5 FLOW SPLIT 0.710

TOR

UTER

1.296
1205

1.231

1,368

T.036

1.412

1.250

1,271

ALPHA

MEAN

1.0456

149059

1.0531

1.0273

1.,0804

1.0836

INNER

1.041
1014
1.054
1.024

1.081

1{004

1.05¢0

1 .UOlb

OUTER

1.04Y

14117
1.021

1,032

T.001

10055

1.02vy

1,11%

= 8¢¢ -



BUUNDARY LAYER PARANECTERS FOR DI?FUSER NO7. DUMP GAP 0,5 FLOW SPLIT 0,936

UBARZINMAX DELTASTAR % THETA % SHAPE FACTOR ALPHA -
MEAN - onEan MEAN MEAN MEAN
INLET 0,828 : 15.859 10.771% 1.2848 1.0456
OUTLET 0;9052 106706 . 8.340 1.2801 10404
S/LINNER 0.8707 15.255 11.995 1.2701 1.0417
S/LOUTER 0.9553 © 6.302 | 5.5 C1.27ve 1.02935
HEAD INNER 0.,7806 7,507 4,887 1.5378 : 1.1581
HEAD OQUTER 0.8717 5,215 | 3,405 1.2378 1.0319
INUER QUTER INNER UUTté INNER QUTER INNER‘. OVTER INNER OUTEé

SPLIT DOUNDARY LAYER PARAMETERS (ABOUT MAX VEL)

INLET  0.8796  0.867% 5.765 6,863 4.539 5.29¢ 1.200 1.296 1,041 1.04Y
QUTLET  0.9497  .873Y 2.3356 6.661 1.965 5,092 1.189 1.308 1.017 1.051
S/LINNER p.85385 02415 13.32Y 10263 10.333 _ 1,051 1.284 1.256 1,045 1.018
S/LOUTER 0.933%  0.924¢ 4,821 1.798 3.901 1.286 1.236 1.398 1.023 1. 04y
HEAD TNHNER 0,.7667 B.9700 7,454 0,047 4,631 0,065 1.543 1,049 1,140 1.004
HEAD QUTER ©0.9637  0.864¢ 0.065 3.9¢9 0.059 | 5.207 1.067 1,261 1.003 . 1,03¢

SPLIT BOUNDARY LAYER PARAMETERS (ABOQUT S/8)
INLET 0O.g924  0,453% 3.865 6,774 4,554 v,282 1.248 1.232 T.044 1.044

QUTLET 10,9610 0,.8011 2,15y 6,827 2.002 5 060 1,074 1,349 1,007 1,061

- 62¢ —



BUUNDARY LAYRR PARAMETERS FOR DIFFUSER NO1, DUMP GAP 0.5 FLOW SPLIT 1,422

INLET
QUTLET

S/LINNER

S/LUVUTER

HEAD INKER

HEAD OQUTER

INLET
OUTLET
S/LINNER
S/LOUTER
HEAD TINHER

HEAD GUTER

INLET

OUTLET

URARZUMAX DELTASTAR % THETA % SHAPE FAC
MEAY MEAN MEAN MEAN
0.8¢28 15,859 10.777 1.2848
0.8Y%g 11.57¢ L 8,770 Te 3041
0.7502 8.840 7.352 1.2057
0.9415 6.144 4e875 1.2758
0.7913 8.511 5,329 1.5970
0.386488 5,258 3.952 1.330%
ITNHER OUTER INNER OUTER INNER QUTER INNEﬁ‘ 0
SPLIT BOUNDARY LAYER PARAMETERS (ABOUT MAX VEL) |
0.8796  0.8675 5.765 6.5863 4,539 5,297 1.270
0.8658 0-2454 8.815 2,047 6.533 1.751 10349
0.Y134 0.2480 5.771 2.001 4.830 1.652 1.195
0.95006 0.719¢ 3.68% 2.252 3.222 1,453 1.143
0.7336 7.0000 8.5%1 -0.000 5,329 -¢, 000 1,597
0.9852 0.8405 0.030 4,998 0.029 3,751 1.031
SPLIT nOUNDARY LAYER PARAMETERS (ABUUT 5/8)
0.3682 0.5376¢ 3.899 6,750 4 537 5.3501 1,300
0.8266  0,9594 3,5@4 1.996° 6,439 1,826 1,376

TOR

UTER

1.296

1.169

Te143
1.53¢6
1,000

1.335

1.2701

1,093

INNER

1049

1¢U6

1.022

1.01

1.161

1.001%

1|Ul|'

1.069

ALPHA
MEAN
1.9045¢6
1.0460
1.0226
1.0466
1.1655

1.0597

QUTER
T.04Y

3 1-070

1.021

2 1064

1.06vV

8 1.04%

1.008

T.00U

- 0gE¢ -



BOUNPARY LAYER PARAMETERS FOR DIFFUSER NO4,

lﬁLEr
OUTLETY
S/LINNER
S/LOUTER
AEAD INNER

HEAD QUTER

4

INLET
QUTLET
S/LINNER
S/LOUTER
HEAD INWER

HEAD QUTER

INLET

QUTLET

UBAR/IMAX

MEAY
0.3723
0.7%60
0,9339
0,9016
0.6775

0.8466

INNER

0n.8796
0,7563
0.94551
0.9654
0, 6566

n.9854

0.83%4

0,6203

oUTeRr

03675
0.9303
0.944%
0-7545
n,7201

0.3380

0_8009

0.9289

DELTASTA
MEAN
13,539
| 22.967
4 369
4 037
11.781

3,657

INHER

5.763
21,473
0.3%9"
2.359
11,758
0,029

6,025

18430

R %

OUTER

1.633
A.S?é

1.323

0,020

5,366

6,612

3,636

DUMP GAP 0.5 FLOM SPLIT 2,020

SPLIT goUNDARY LAYER PARAMETERS

SPLIT noUNDARY LAYER PARAMETERS (ABOUT MAX VEL)

THETA % SHAPE FAC
MEAN MEAN
10,774 1,28%8
14.157 1.6224
?.063 71,1849
3,326 1,2138
64735 1.7493
bei16 1,3745
INNER NUTER INNER ¢
4.539 54297 1.279
12,659 1.1%6 1,673
0794  4.086  1.119
1.970 1.230 1.197
6,712 0,019 1,752
0.028 3,897 1,030
(ApoUT §/8%)
4,439 5,385 1,357
10.342 3,046 1,782

TOR

UTER

1,296
1,198
197
1,237
1,020
y,377

1,228
1,194

1+041
1.1%0
1.00g
1.013
1.411
1.001%

1.060

1.165

ALPHA
MEAN
1.0456
1.1601
1,094

- 1.0156

1.2292

11,0738

QUTgR

1047
1,022
1.02¢
1.02V
1,00€

14072

1,032

1.020V.

- 1€2 -



BUUNDARY LAYER PARAHETERS FOR DIFFUSER NOD1., DPUNMP GAP 1.0 FLOW SPLIT 0./77

INLEY
OQuyrLET

S/LINNER

S/LUVUTER

HEAD INMER

HEAD UUTER

EHLET
OQUTLET
S/LINNER
S/LOUTER
HEﬂD INNER

HEAD QUTFR

INLET

OQUTLET

UBAR/UMAX

MEA?

0.8728

0,7085

C‘.?((\()

0.9427

0,8501

0.657¢

INNER

0.8796
.8787
0.7577
0,954
D,86174

0.9656

0.9059

,7026

OUTER

DELTASTA
HEAN
15.85Y

24 943

28,300

6.020
5 476

29,320

INHER 0

R %

UTER

THETA
MEAN
10.771
13,763
17.835b
Le106%
4,182

10.187

INNER O

SPLIT BOUNDARY LAYER PARANMETERS

0.8675
0256
0.8395
0.9214
0.9798

0.0240

5.765
4.83¢0 1
26.715
3.627
5,430

0.001 1

6,863
6.065
23558
2.172
0,040

8,877

4,539
3.7890
15.3833

3,082

SPLIT BOUNDARY LAYER PARAMETERS

0.8322

0.0620

5.610

5,319 1

7,006

5.655

L. 627

2,926

%

UTER

SHAPE FAC
MEAN
1.2848
11,8117
1.5868
T.6400
1,5094

1.9947

INNER 0

(ABOUT MAX VEL)

3.297
7,978
1.59Y
r.986
0,039

9,659

1.270

1.278

1.607

1.977

1.3%12

1.065

(ABOUTY §/5%)

5,221

7,866

1.212

1,355

TOR

UTER

1.296

2.014

1177
2,202
1.042

2,000

1,562

1.990

ALPHA

MEAN

1.0456

1.2408

115350

1.03568

1.,0527

1.36/73

INNER

1.041

1-043
1.159
1.015

1.052

1.003

1.030

1.051

QUTER

T.04Y
1.352Y
1,070
1.095
1,001

1.362

T.05¢

1.3417

R X



BOUNDARY LAYER PARAMETERDT FOR DIFFUSELR NOY, DUMP GAP 1,0 FLOW SPLIT 1.02

INLET
QUTLET
S/LINNER
S/LOUTER
HEAD INMER

HEAD OQUTER

INLET

OUTLET
S/LINNER
5/LQUTER

HEAD IHWER

HEAD OQUTER

INLET

QUTLET

UCAR/UHAX DELTASTAR X% THETA % SHAPE FAC
MEAN MEAN MEAN | MEAN
0.8¢28 15.839 10.771 1.2868
0.80061 21.854 13.573 1.6086
0.3809 15. 0638 12028 1.2544
0.9<473 7.585 6.102 1.2431
0.7505 10,878 6,54y 1.6654
C.75564 11.988 7.3/ 1.6382
INNER QUTECR INNER QUTER INNER OUTER xwmeé 0
SPLIT BOUNDARY LAYER PARAMETERS (ABOUT MAX VEL)
0. 8296 0.8675 5,765 6,863 4,539 5.297  1.270
0.8280  p.r87¢ 8.946  10.294 5.969 6.073 1.499
0.8666  0.9224  12.572 1,647 . 10,196 1.195 . 1.233
0,93500 0.,Y225 5,224 2,163 4,507 1,447 1,159
0.7374 0.979¢ 10.8330 0.040 6.494 0.039 1.668
0-975¢  g-lz64 0-050  11-206 0+ 068 6.861 1.053
SPLIT BOUNDARY LAYER PARAMETERS (ABOUT §/8)
0.38395 0.557> 5,76y 6,450 L.544 5,293 1.270
0.8401  0,/7645  B_625 10,575 5,971 6.068 1,445

A

TUR

UTER

1.296
1,695
1.959
1,481
1.042

1647

1.296

1,742

ALPHA

MEAN

1.04506

11912

1.0506Y

1.0473

1.191¢2 -

1.1812

INNER

1.041
1.112
1.029

1.015

1193

1.002

1,041

1.097

OUTER

1.04Y
1.186
1.047
1.05¢
1.001

1+180

1 -0‘*5

1,206

- gge =



BUUNDARY LAYER PARANMETERS FNR DfFFUSER NOY1. DURP GAP 1,0 FLOW SPLIT 1.552

INLET
OUTLET
S/LINNER
S/LUVUTER
- HEAD INNER

HEAD OUTER

INLET
OUTLET
S/LINNER
S/LOUTER
HEAD INNER

HEAD QUTER

INLET

OUTLET

THETA
MEAM

10.771

1@.004
5.474
3,731
5.15%

7.165

INNER )

o

/o

UTER

SHAPE FAC
MEAN
1.2848
1.0620
5.2098
1.48711
1,4643

1.6745

INHER 0

SPLIT BOUNDARY LAYER PARAMETERS (ABOUT MAX VEL)

4,539
7.233
1.109
2,426
5,126

0.037

4,526

UDARZUMAX DELTASTAR %
MEAT MEAN
0,8¢28 15.839
0.793%3 25,2705
0.9477 6.62¢2
0.%2474 5.52¢
00,7934 7.546
C.7579 . 17.998
ITNHER OUTER INIIER OUTER
0.8796 0.867H 5.765 6.8635
0.76%9%  0.¥175  13.033 3.181
0.9673 0.938Y 1.292 3.406
0.9640 0.8072 2,839 2, hL59
0.7805% 0.Y867 7.5106 N.026
n.%453 Q=379 n. oY 11+2170

SPLIT 3OUNDARY LAYER PARAMETERS
0.8557 0.8520 6,225 6,430
0,847 13,374 7.874

0.7211

7.168

5,297
5,408
2.8606
1.186
0.020

6.674

1.0
1.802
T+.165
1.1701

1.467

T.032

CABOUT S/8)

5,312

5,464

1.373

1,866

TOR

UTER

1.296
1.313

1.171

2,056
1.027

1.68p

1.21%2

1,441

ALPHA

MEAN

1.0456

1.1719

1.0194

1.03564

1.1074

1.1973

INHER

1.041
1.227
1-0119
1.012
1.106

1001

1.064

1,268

QUTER

1.06Y
1-120
1.023
1.112
.1.00?

1. 4¢<

1,034

1,095

- pee ~



BOUNDARY LAYER PARANECTERS FOR DIFFUSECR NO1, DUMP GAP 1.0 FLOW SPLIT 1,978

INLET
OUTLET
S5/LINRER
S/LOUTER
HEAD INUHER

HEAD QUTER

THLET
QUTLET
S/LINNER
S/LOUTER
HEAD INKNHER

HEAD QUTER

INLEY

OUTLET

UBAR/SUMAX

MEAY
00,8728
0.7Y12
0.8826
0.7017
0.78560

0,742

TNHER

0.8796
0.7471
0.Y672
0.9477
¢.7725

p.uvTaEy

P.g4ds

0,6759

oQUTER

0.8670
0.841>
0.8058
0.9p8Y
0.Y7065

0.7 680

0.8a91

08574

DELTASTA
MEAN
15,839
25.50/¢
14,8608
4.022
7.52¢2

10,201

INHER 0

5,765
15.160¢
0.692
1.70e
7,269

0.17

3.89¢2

14,585

R %

UTER

SPLIT BOUNDARY LAYER

G,863
6,660
D.244
2.705

G.047

2408

6,736

7,159

THETA
MEAN
10.771%
15.???
11.577
.3.266
5,007

6,567

INNER 0
PARAMETERS
4.539
7.877
0.591
1,409
5.016

0.12¢

SPLIT 36UNDARY LAYER PARAMETERS

4,430

%

UTER

SHAPE FAC
MEAN
1.2848
1.7063
1.2843
1.2306
1,46650

V1.5772

INNER 0

(ABOUT MAX VEL)

5.297
4,716
7.164
Te687
0,065

5,954

1.270
1.526
1.970
1.208
1,449

1.0643

CABOUT $/8)

5 3yb

4,903

1.527

1,510

TOR

UTER

1.296
1.413
1.208
1.244%

1.050

1.287

1.251

1,460

ALPHA
MEAN
1.0656
1.18353
1.0648
1.0167
1.0971%

1.1306

INNER

1041
1.279
1.011
1.020
1.094

1.001

1.052

1.300

OUTER

1.04Y
T.082
1047
1.015
1.008

1159

1,03y

1,080

= Gge -



"BOUNDARY LAYER PARANMETERS

INLET
OUTLET
S/LINNER
S/LOUTER
HEAD INWER

HEAD QUTER

INLET
OUTLET
S/LINYER
S/ LOUTER
HEAD INWER

HEAD QUTER

INLET

QUTLET

FOR DIFFUSER NOY.

%

1
P4
2
8
1

4

OUTER

5,297
7.485
1.233
1.023
0.026

7.825

SHAPE FAC
MEAN
1.28438
14,7992
1.3496
71,2311
1.8180

1.6640

INNER 0

1.270
1.505
1.364
1.136
1.821

1.0Y8

(ABOUT 5/8%)

5.116

7,301

1,346

UBAR/'UMAX DELTASTAR % THETA
MEAN MEAN MEAN
D.8¢28 135.839 10.77
0.7625 26,039 14,86
0.81%p 22.952 16,99
0.9443 5.857 LeTH
n.7228 15 492 8.52
D.7055 15.96¢ 8,39
INKER OUTER INHER OUTER INNER
SPLIT RBOUNDARY LAYER PARAMETERS (ABOUT MAX VEL)
N.8770 0.8615 5,765 6.863 4.539
0.8252  0.715Y 5,262  14.75% 5,491
D.7939  0.9426 20,595 1.524 15.101
N.9518 0.9115 45,116 1.580 3.630
0.7106  0.7368 15,460  D.026. 8,495
0.9556 .694> 0.08Y  13.064 0+081
SPLIT 30UNDARY LAYER PARAMETERS
0.9011  0.33%y 6,401 6.3u3 4,756
n.8529  0.653% 9,067 14,088 5,730

1.582

PDUMP GAP 2,0 FLOW SPLIT 0,619

TOR

UTER

1.296
1.972
1.134
1,544
1.027

1.669

1,232

1,930

ALPHA

MEAN

1.0456

1.2506

1.0630

1.0212

71,2622

1,1879

INNER

1.041
1.113
1.060
1.010

1.260

1.006

1.02¢

1.1%7

QUTER

1.04Y
1321
1.031

1,070

10001‘

1.185

1,029

1,31

= 9t =



BUUNDARYlLAYER PARANMGTERS FOR DIFFUSER NO1, DUMP GAP 2.0 FLOW SPLIT 0,946

INLET
QUTLET
S/ULINNER
-SILUUTER
HEAD INNER

HEAD OUTER

INLET
OQUTLET
S/LENNER
S/LOUTER
HEAD INNER

HEAD QUTER

INLET

QUTLET

CUBAR/UIMAX

MEAHN

0.8728

0.7765

0.84738

D.9441

D.7257

0,7459

INKER

0,896
0.5010
D.8510
0.9290
0.712¢9

0.9838

10,5014

<3
N
o
N
v
—

QUTLR I

DELTASTA
MEAN
15,839
25,168
19.205
7.97¢
15,285

11.310

NIIER 0

R %

UTER

THETA
MEAN
10.77
i4-70
" 14,57

6.5V

%

1

é

>

[

7,669

7.1

INNER

U

QUTER

SHAPE FAC
HEAN
1.2868
1.7119
1.5225
1.2270
1.7321

1.6497

INNER

SPLIT DOUNDARY LAYER PARAMETERS (ABOUT MAX VEL)

0.8675
67578
0.7039 1
0.2028
0.9720 1
07225
spLIT
LY

0.73153

5,765
?.0632 1
6.406
6,064
3.216

0.042 1

6.563
24369
1,871
1.736
0.056

g.825

4.539
6.072
12.553

5,334
7.605

0063

TOUNDARY LAYER PARAMETERS

5_.315

P.h52 1

7,272

2.569

4,554

6.101

3.297
6.877
1.319
1.059
0.055

6.,66%

1.270
1.589
1.307
1,157
1.758

1.045

(ABOUT §/3)

2,241

6. 867

1,167

1,549

TQR

QUTER

1.296
1,799

14137

1,639

1.05%9

1.623

1.377

1,830

ALPHA

MEAN

1.0450

1.1785

1.0°04

1.045¢0

1.2264

1.1742

INNER

1.041
.1.149
1.049
1.012
1.229

1.001

1.023

1.131

QUTER

1,049
1.238
1.06¢
1,080
1.002

1.16%

1.06f¢

1.257

- LEd ~



BOUNDARY LAYER PARAMETERS FOR DIFFUSER NO1. DUMP GAP 2,0 FLUW SPLIT 1,595

INLET
QUTLET
S/LINNER
S/LOUTER
HEAD INNER

HEAD QUTER

INLET
OUTLET
S/LINNER
S/LOUTER
HEAD INNER

HEAD OUTER

INLET

QUTLET

UBAR//UNAX

0.8725 - 0.

D.03006 Q.

DELTASTAR X

THETA
MEAN

10.771%

14.807
8,098
2.984
4,965

8,988

INNER Q

%

UTER

SHAPE FAC
ME AN
1.2848
1.7595
1.2389
1.2382
1.4311

1.8871

INNER

SPLIT BOUNDARY LAYER PARAMETERS (ABOUT MAX VEL)

MEAN MIAN
D,8r28 15,859
10,7636 26,051
0.9208 19.0352
0,9648 3.69,
0,8055 7.105
0.7082 16,701

INNER GUTER INYER OUTER
.0,8796 0.86¢5 5.765 6.863
0.7645 Q77202 12.785 10.593
0.9663 p-917> 0.78¢ 6.035
9.,9733 0.9440 1.990 1.547
0.773%4 0.995/¢ 7,085 0.017
0.9866 0.06355 0.108 15,664

4.539
6.838
0671
1,708
4 745

0.103

SPLIT DOYNDARY LAYER PARAMETERS

yr20 5,369 7.227

85 12.41¢ 10.918

L .526

6,367

5.297
6.326
L.3842
1.758
0.017

8,258

1.270

1.856

1 1.1062

T.165
1,453

1,041

CAroUT 5/5)

5.3¢pb>

6,338

1.156

1,808

TOR

QUTER

1.296

1.675

1.165

1.336
1,014

1,897

1,562

1.723

INNER

ALPHA
ME AN

1.0656
1.213>
1.0277
1.0159
1.0951

1.3047

1.041
1.247
14015
1.009
1.0838

1.001

1.022

1.249

QUTER

'I.UI\;9
1.18¢
102Y
1.035¢
T.000

1.315

1.006¢

1.190

- 8¢ —



BQUNDARY.LAYER PARAMETERS FOR DPITFUSER NO1., DUMP GAP 2,0 FLUW SPLIT 1,979

UBAR/HAX DELTASTAR % THETA % SHAPE FACTOR ALPHA
" oncan MEAN ME AN MEAN MEAN
INLET 0.8/23 15,839 10.771 1.2848 1.0456
OUTLET 0.7733 25,526 1@.401 107725 1.2164
S/LINNER 0.8501 18,987 13,753 1.3805 . 1.0686
S/LUVTER 0.9203 7.431 6.122 1.2159 1.0¢25
HEAD INNER 0.7602 10,708 6,748 1.5869 1.1571
HEAD UUTER D.7865 11.4%3 7.077 1,6240 1.1695
INNER OUTER INNER OUTER INNER OUTER JHNER QUTER INNER OUTER

SPLIT AOUNDARY LAYER PARAMETERS (ABOQUT MAX VEL)

INLET 0.8796  0.8675 5.765 6,863 4,539 5,297 1,270 1,296 1.041 1.049
QUTLET p.7529¢ 0-7765 14,585 3.741 7.453 5.54% 1.956 1575 1.286 1140
S/LIANER (.9664 08375 0.5416 12710 0.378 8.722 1.100 1.176 1.006 1.071
S/LOUTER 9.93565  0.927¢6 1.285 5580 1.091 L.566  1.176 1.222 1.018 1.02,
HEAD INNER ©0,7261 00,9740  10,64Y 0,051 6.692 0,048 1.591 1,053 - 1,154 1.00¢
HEAD QUTER (.976y | 0. 7552 0.193  10.55%0 5.184 6,439 1.053 1.639 1.002 1,18¢

SPLIT ROUNDARY LAYER PARAMETERS (ABOUT S/S)
IHLET  0.g431 - 0.0 5,860 6,766 4,639 5. 344 1.320 1,257 1.0590 1.040

QUTLET 10,0803 0.831408 13,998 2,269 7,314 5,656 1.914 1,635 1.307 1,744

- 652 ~
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BOUNDARY LAYER PARAMETERS FOR DIFFUSER NO2,

INLET
6UTLET
S/LINNER
S/ LOUTER
HEAD INNER

HEAD OQUTER

INLET

QUTLET
S/LINNER
S/LOUTER

HEAD INNER

HEAD QUTER

INLET

JUTLET

UBAR/UMAK

MEAN
0.8728
0.7492
0.8%72
0.9134
0,8629
¢,06%72

INNER

0,.8796
0,9640
0.8387
0.9181
0.8539

0.9304

0.9147
0.9674

OUTER

0.8675
0.7021%
0.9372
0.9196
0.9391

0.6341

0.3077

0,.5416

DELTAST
MEAN
13,83
28.73
18,08
8.57
4,69

13,71

INHER

5.765
0,741
16.590
6,468
4.667

0.039

5,656

1.820

-~

AR 7%

9
4
9
1
2

9

OUTER

h,863
21,683
0.977
1.908
0.022
12,2109

6,991

20,854

DUMP GAP 0
THETA
MEAN
10.7714
13,553
14,066
6,784
3.619
8,241

INNER O

4,539
0.690
12.792
5.453
3.595

0.038

SPLIT pOUNpARY LAYER PARAMETERS

4'849
1.802

5 FLOW SPLIT 0,581

%

UTER

5,297
9.963
0.830

1.208

0,021
7,742

SHAPE FAC
MEAN
1.28468
2.1202
1.2860
1.2635
1.2965
11,6647

INNER 0

SPLIT BOUNPARY LAYER PARAMETERS (AROUT MAX VEL)

1,270
1.073
1.297
1,186
1,298

1,041

(AROQUT §/%5)

5,031
2,100

1.162

1,010

TOR

UTER

1.296
2,176
1,186
1,580
1.022

1,668

1.390
2,292

ALPHA

MEAN

1.0456

11,3564

1.0657

1.0322

1.06492

4.1846

INNER

1.041
1,004
1.046
1.020
1.049

1.001

1.021
1.000

QUTER

Y.,049

1,410
1,018
1.069
1,000

1,176

1,066

1.484

- ove -
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BOUNDARY LAYER PARAMETERS

;INLET
QUTLET
S/LINNER
S/LOUTER
HEAD INNER

HEAD OUTER

INLET
QUTLET
S/LINNER
S/LOUTER

HEAD INNER

HEAD OUTER

INLET

QUTLET

0.8260

0.9339

UBARJUMAX
MEAN
0.3728
0.3045
0.8279
0.9556
0.8364

0,7231

INNER QUTER

SPLIT BOUNDARY LAYER PARAMETERS (ABQUT MAX VEL)

0.87%6
0.9301
0.3007
0.9473 0.9871

0.9815

0.8675
0.7426

0.%451

0,7840

0.7164

FOR DIFFUS
PELTASTA

M AN
13.839
22,399
21.800
4,669
5,597

12,321

IMNER 0

5.765
2,669 1
20,491
4.387
5,561

¢.037 1

-~

ER NQ?2.
oA THETA
MEAN

10.771

13,141

16.171

4,148

4.027

7.5a2

UTER INNER 0

6.863 4,539
5,293 2,277
0,354 95,030
0.256 3,886
0,032 3,991
1,593 0.036

SPLIT BOUNDARY LAYZR PARAMETERS

0.9060

0,83235

0,679Y

5 .602

3.372 1

7.013 b.&27

4,709 2.334

DUMP GAP Q.5 FLOW SPLIT 0.779

% SHAPE FACTOR

MEAN

1.2248

1.7065

1.3664

1.1256

1.3901

1.6293

UTER INNER

5.297 1,270
8,415 1.163
0.757 1.363
0,233 1,129
0,031 1,393
7,103 1.039

(ABOUT §/%5)
5,221 1,211

8,208 1,320

QUTER

1.296
1.818
1.129
1.073
1,033

1,632

1,343

1,792

INNER

ALpHA
MEAN

S 1.0656
1.,1773°
1.00634
1.0092
1.0793
1,1?65

QUTER

1.041 1,049

1.016 1251
1.063 1,011
1.010 1.00¢
1.080 1.001

1.001 1, 176
1,030 1,057

1.2435

= 1ivc =
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BOUNDARY LAYER PARAMETERS FOR DIFFUSER NO2, puMp GAP 0.5 FLOY SPLIT 1,218

}NLET
QUTLET
S/LINNER
S/L0UTER
HEAD INNER

HEAD OUTER

“INLET
QUTLET
S/LINNER
S/LOUTER
HEAD INNER

HEAD OUTER

INLET

QUTLET

UBAR/UMAX

MEAN
0.3728
0.85?7
0.9167
00,9335
0.8009
0,7862

ITNNER

£,8796
0.8324
0.9108
0.9334
N.73%0

0.,%300

0,8829

0.8222

OUTER

DELTASTAR 7%

MEAN
13,839
13,591
10,549

6,991

7,272

3783

INNER 0

UTER

THETA
MEAN
10.771
12.383

9,014

Y

5,939

4.370
5,934

INNER 0

UTER

SHAPE FAC
MEAN
1,2848
1. 4431
11,1703
1.1771
1.4870

1,4800

INNER 0

SPLIT pOUNDARY LAYER PARAMETERS (AROUT MAX VEL)

0.3675
0.5428

0.738Y

S 0.7922

5.765
?.374
8.916
5,263
7,223

0.049

6.863
7,139
7065
1.967
0,043

3.293

4,539
6.403
7.617
4,539

4 844

0.039

SPLIT BgoUNDARY LAYER PARAMETERS

0.8645

0,8508

5.726

9,325

6,893

7,179

L,539

5,297
5,019
0.911
1.226
0.041

5,592

1.270
1,664
1.171
1,147
1,491

1.0642

CABOUT §/75)

5,297

5,020

1.261
1,457

TOR

UTER

1.296

j.422

1.302
1,430

ALpHA
MEAN
1.0456

1.0948

1.0180
1.0181
1.1170
1.1129

INNER

1.041
1.102
1.018
1.013
1,119

1.001

1.040

1.102

OUTER

1,049
1,084
1,047
1.038
1,001

1.11¢

1,059

1.088

- Zve ~
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BOUNDARY LAYER PARAMETERS FOR DIFFUSER NO2. DUMP GAP 0.5 FLOW SPLIT 1.818

INLET

OUTLET -

S5/LINNER
S/L0OUTER
HEAD INNER

HEAD QUTER

INLET
QUTLET
S/LINNER
S/LOUTER

HEAD INNER

HEAD OUTER

INLET

QUTLET

INNER

0.
0.
Q.
0.
Q.

0.

0.
0.

UBAR/UMAX
ME AN
0.3728

"Q,38095
0.9309
0.9%02
0.7748

0,8267

OUTER

DELTASTAR %
MEAN
13,839
21.826
8,759
5,236
8,226

7.120

INNER QUTER

THETA

HEAN
10.771
12.718
7,319
4,551
5.422
5,039

INNER

“

QUTER

INNER

SHAPE FACTOR

MEAN
1.2848
1,7962
1.1968
1.1499
1.5171

1.4073

SPLIT BROUNDARY LAYER PARAMETERS (ABOUT MAX VEL)

3796 0.8675

7575 0.9027
9500 0.9234
9597 0.9463
7606 0,7376

2925 0.8088

5.765 6,863
17.835% 3,092
0.726 5,239
3.603 1,480
3,198 0,025
0.030 6,726

6.539
9,492
0.656
3.217
5,395

0,029

SPLIT ROUNDPARY LAYER PARAMETERS

3546 n,%331

6306 0.7364

5.707 6,210

172703 3,149

4,485

8,931

5.297
2,698
h,345
1211
0,024

b, 771

1.270

1,879

1.106
1,420
1,520

1.029

(ABQUT 5/8)

5,343
2,936

1,273
1.982

OUTER

1.296
1.237
1.120
1.222
1,025

1.410

1,293

1.073

1.041
1.260
1.007
1.0¢9
1.127

1.000

1.040
1.335

ALPHA
MEAN
1.,06456
1.4755
41,0203
1.0126
1.1290
1.0859

QUTER

1.049
1,032
1.02¢
14621
.00

1,082

1.047

1.007

- €vec =



BOUNDARY LAYER PARAMETERS

INLET
QUTLET
S/LINNER
'5/LOUTER
HEAD INWER

HEAD OUTER

INLET
QUTLET
S/LINNER
S/LOUTER
HEAD INWER

HEAD OUTER

INLET

QUTLET

UBAR/IJAX

MEAN

0.8723

0,7614

0.8%04

0.9042

0.7770

0,8453

INNER

0.8796
0.6651
0.9505
0.9427
0.7634

0.9838

0.8301
0.5065

NUTER

FOR DIFFUSER NO2,

DELTASTA
MEAN
13,839
27,328
15,145
3.766
7.631

7,548

INNER Q

-~

R %

UTER

DUMP GAP 0,5 FLOW SPLIT 2,557

THETA X

MEAN

10,771

12,527

12,229

3.238

A.BS‘t

INNER

QUTER

SHAPE FAC
MEAN
1,28448
2.181¢6
1,2384
1.1632
1.5632

1,4036

INNER Q

SPLIT BOUNDARY LAYER PARAMETERS (ABOUT MAX VEL)

0.85675
0.9421
0.5?14
0.9716
n.7686

N.3173

SPLIT BOUNDARY LAYER PARAMETERS

0.3704

n.92490

5,765
25,023
0,719
1.511
7.559

n.02¢d

5,401

23,894

6,863
1.786
?.407
2,047
90,0063

7,120

T.A77

2,612

4,539
10,510
0N.602
1.2531
4,315

0.022

4,249

9.066

5.297
1,262
7,582
‘1.804
0,059

5,067

1,270
2,381
1.193
1,208
1,570

1.023

(ARQUT S§/%5)

5.544

2.683

1.271

2,635

TAR

UTFR

1.296
1,143
1.208
1,135

1.067

1,405

1,295

0,973

INNER

1|0A1 -~

1.50
1.01
1.02
1.15
1.00

1.03

1.688

ALpHaA
ME AN

1,0456
1.3205
1.0320
1.01%3
1.1478

1.0840

QUTER

1,049
3 1.015
7 1,03
1 1,008

1 1,005

0 1.084

3 1.040

0.994

- v -
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BOUNDARY LAYER PARAMZTERS FOR DIFFUSER NO2. DUMP GAP 0.8 FLOW SPLIT 0,707

INLET
QUTLET
S/LINNER
S/LOUTER
HEAD INNER

HEAD QUTER

INLET
OUTLET
S/LINNER
S/LOUTER
HEAD INNER
HEAD OQUTER

INLET

QUTLET

UBAR/IMAX
MEAY
0.8728
0.7412
0,3447
0.9527
0.3074
0,7378

INNER "NUTER

DELTASTAR %
MEAN
13.839
29,6468
19.671
4,975
8 397

11.325

INNER QUTER

THETA
MEAN
10.771
15,3647
15,109
4.333
5.763
7.047

INNER 0

%

UTER

SHAPE FAC
MEAN
1.2848
1.9294
1.3019
1,1351
1,4572
1,6072

INNER 0

SPLIT BOUNDARY LAYER PARAMETERS (ABOUT MAX VEL)

0.8796 0,8675

0.8439 0.6784
0.8227 0.926%
06,7416
0.7974 0.731%9

0,7663

5.765 6,863
6,782 17.712
17.716 1.274
3,573 1.273
3.355 0.036
0.063 10.651

4, 5339
4,339
13.461
32,268
3.722
0.063

SPLIT BOUNDARY LAYER PARAMETERS

0.%2110 0.3222

0.,8822 0.h022

5.487 7.113

6.686 17,804

4,682
3.060

5,297
8.154
1.075
1,012
0,035

6,608

1.270
1.4019
1.316
1,093
1,460
1.072

(ABQUT §/%)

5,173
7,978

1,172
1.321

TOR

UTER

1,296

2.172
1,093

1.258

1,037

1.612

1.376

2,232

ALPHA

MEAN

1.0456

1.2846

1.0496

1.0106

1,1047

41,1682

INNER

1,041 .
1.082
1.050
1.006
1,105

1.004

1.023
1.038

OUTER

1,049
1.426
1.021
1,026
1.001

1.167

1,063
1.480

= &b =
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BOUNDARY ILAYER PARAMETERS

INLET
OUTLET
S/LINNER
S/LOUTER
HEAD TNNER

HEAD QUTER

INLET
OUTLET
S/LINNER
S/LOUTER
HEAD INNER

HEAD OQUTER

INLET

QUTLEY

UBAR/UMAX

MEAN

0.8728

0.7425

0.8633

0.7700

0,7h40

IHNER

0.8796
0.7902
0.8495
0.9372
0.7572
0.9868

0,9017
0.38101

OQUTER

-~

FOR DIFFUSER NHO2, DUMP GAP 0.8 FLOW SPLIT 0,968

DELTASTA
MEAN
13,839
29498
16,621
6,483
10,046
11,600

INNFR 0

R %

UTER

THETA
MEAN
10.771
16,117
13.171
5.750
6.3%2
7,445

INNER 0

4 SHAPE FACTQR

MEAN
1.28%48
1.8302
1.2619
1.1275
11,5685
1.5581

UTER INNER

SPLIT BOUNDARY LAYER PARAMETERS (ABOUT MAX VEL)

0.80673
0.7067
0.% 409
0,%432
0.9%44

n,7328

5.765
10.296 1

15,041

10,013
0,026 1

6,363
5,873
1.030
1.014
0,011

0,222

4,539

- 6,460

11.851
6.798
.6.3?9
0.026

SPLIT poUNDARY LAYER PARAMETERS

0.,3440

0.6330

5.301

10,155 1

7.284

4,993

6,671

5.297 1.270
7,480 1,594
0,861 1.269
0.863 1.118
0,011 1,570
7,001 1,027

(ABOUT §/8)
5,281 1,164

7.469 1,569

BUTER

1.296
1.983
1;118
1.174

1,011

1,560

1.379
2,007

ALpHA
MEAN

1.0h56

1.2552
1.0394

1.0104

1.1507

1,1417

INNER

1.041 -
1.155
1.038
1.009
1.150

1.001

1.022
1.142

QUTER

1.047
1.337
1,020
1.017
1,000

1.137

1.068
1.355

= 9%¢ -
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BOUNDARY (AYER PARANMZTERS FOR DIFFUSER NO2., DUMP GAP 0.8 FLOW SPLIT 4,003

INLET
QUTLET
S/LINNER
S/ILOUTER
HEAD INNER
HEAD QUTER

INLET
OUTLET
S/LINNER
S(LOUTER
HEAD INNER

HEAD OUTER

INLET

QUTLET

4

1.
0
1
3

1
4

DUTER

5,297
7,361
0.819
0.916

0,013

6,885

SHAPE FAC
MEAN
1.28648

1.7994

TOR

1.2233

1.15352
1.62606
1.5539

INHER 0

1.270
1.624
1,231
1.149
1,628
1.031

(ABOUT §/8)

5,290

N1.276

UBAR/HMAY. DELTASTAR % THETA
HEAN HEAN MEAN
0.8723 13,839 10.77
0.7474 28,935 16,08
0.8913 15,036 12.29
0,956 6,721 5.82
0.7517 11,421 7,02
0,7638 11,381 . 7.32
INNER NUTER INNER QUTER IQNER
SPLIT BOUNDARY LAYER PARAMETERS (ABOUT MAX VEL)
0.3796 0.30675 5,765 6,803 4,539
0.7374 N. 7162 10.673 14,142 6.577
0.8641 0.9456 13.58¢ G.748 11.035
0.9335  0.7945% 5.538 1,073 4.818
0.7386 0.7933 11,405 0,013 7.006
0.9852 60,7379 0.030 10,712 0.029
SPLIT BOUNDARY LAYER PARAMETERS
0,8%12 0.855¢ 5.802 6,829 4,548
0.3052 0.6766 10,390 14.335 6,582

7,353

1,579

UTER

1,296
1.921
1,149

1.171

1,014

1.556

1,291
1,956

ALpHA
MEAN
1.0456

1.2428

: 1.0289

TNNER

1.041-
1.166
1,028

1.0

1.973
1.001

1.042
1.149

1.0142
1.1758
1.1411

QUTER

1,049
14305
1,016
¢ 1,016
1,000

1.138

1.047
1.326

- Lve -



BOUNDARY LAYER PARAMETERS FOR DIFFUSER NO2,

INLET

QUTLET

S/LINNER
S/LOUTER
HEAD INMNER

HEAD QUTER

INLET
OUTLET
S/LINNER
S/LQUTER
HEAD INNER

HEAD OQUTER

INLET

QUTLET

-

DUMP GAP 0.8 FLOW SPLIT 1,786

UBAR/JHMAY DELTASTAR % THETA % SHAPE FACTOR ALpHA
MEAN MEAN MEAN MEAN MEAN
0.8728 13,839 10.771 1.2848 S 1.0456
0.7466 29.022 14,614 1.9859 1.2905 .
0.9598 7,625 6.251 1,2198 1.0217
0,983 4,377 3.809 1,149 1.0112
0.76%56 ©.110 5.974 1.5250 1.1312
0.75834 10,486 6.940 1.5410 1.1258
INNER OUTER INNER QUTER INNER | DUTER INNER QUTER INNER QUTER
SPLIT BOUNDARY LAYER PARAMETERS (ABOUT MAX VEL) |
0.8796  0,%675 5.765 6.863 4,539 5,297 1,270 1,296 1,041 - 1,049
N.6342  0.8166 12 424 7.667 7.935% 5.135 2,395 1,493 1.482 1.115
0.95¢1 00,0373 0.594 4,585 0.541 3,723 1,097 1,125 1.006 1,024
0.9604 0.9328 3.042 1.212 2.703 1.0064 1.125 1,208 1.009 1.018
0,7509 0.7974 2.103 0.003 .5.968 0,005 1,386 1,005 1.126 1,000
0.9896  0.7300 o,nzi 2,826 0.020 6,497 1,021 1,512 1.000 1.126
SPLIT BOUNDARY LAYER PARAMETERS (ABOUT §5/%)
0.8660  0.3763 5,355  7.239 . 4,503  5.326 1,189 1,359  1.021  1.060
0.6107 0.8498 19 193 7,593 7.339 5,250 2,448 1,446 1.577 1.090

- 8%¢ =



BOUNDARY

INLET
QUTLETY
S/LINNER
S/LOUTER
HEAD TINNER

HEAD pUTER

INLET

QUTLET
S/LINNER
S/LOUTER

HEAD INNER

HEAD QUTER

INLET

QUTLET

LAYER PARAMCTERS

UBAR/YMAX

MEAN

0.8728

0.7370

0.3740

0,9723

0.7763

0,747

INNER

0.8796
0.6609
0.9144
0.7534
0.7621
0.9373

0.8387
0.5443

NUTEeR

FOR DIFFUSER NO2,

DELTASTAR %

Mz AN
13,839
30,1264
15,961
2.859
8,171
19,076

INNER 0

UTER

DUMP GAP 0.8 FLOW SPLIT 2,197

THETA
MEAN
10,771
14.265
12,829

2e631

5.573
6,338

INNER 0

3

UTER

SHAPE FAC
MEAN
1.2848
2.1117
1.2442
1.1662

71,4661

TOR

1.4628

INNER 0

SPLIT BOUNDARY LAYER PARAMETERS C(ABOQUT MAX VEL)

0.3675
0,3377
N.34669
0.9307
0.?388
n,77386

5.765
22,121
1.616
1,415
8.146

0.02A

6,863
6,199
¢,355
1,307
0.022
0.433

4.539

8,640
1.237
1.255
5.548
0.024

CSPLIT B0OUNDARY LAYER PARAMETERS

0,.3391
0.5782

5.658

22,008

b,946%

6,254

4,377

8,203

5,297
4 357
7.559
1.086
0,022

6,445

1,270
2,560
1.305-

1.130

1,468

1,025

(ARQUT §$/5)

5,436
4,699

1,293

2,683

UTER

1,296
1,623
1.130

1.204

1,023

1,464

1.273
1.339

ALpHA
MEAN

1.0456

1.3330

1.0334

1.0092

1.1049

1.1060

INNER

1.04% -
1.570
1.042
1.010
1.120
1.000

1.042
1,745

QUTER

1.04%
1,089
1,030
1,008
1.0Q0
1.105

1e044

1.060

- 6% —



BOUNDARY LAYER PARAMETERS FOR DIFFUSER NOP2,

INLET

UUTLET
S/LINNER
S/LOUTER

HEAD INKER

HEAD QUTER

INLET
OUTLET
S/LINNER
S/LOUTER
HEAD INVER

" HEAD OUTER

INLET

QUTLET

UBAR/1MAX

MEAH

0,3723
0.7209
0.33528
0.9463
0.7404
0,7139

INNER

0.8796
0.7951
¢.30638
0.9477
0,7239
0.9738

0.9090
N.8401

QUTER

0.,3675
0.6696
0.9933
0.9427
0,9908

0,7013

0,3230
90,5939

DELTASTA
MEAN

13.839

31.970

21.174

3,592

14,505
12,356

INNER 0

5.765%
2.592 1
13.756
AN
14,462

0.032 1

5,732
9.436 1

UTER

6,863
7,333
1.577
7.024
0,013
1,641

6,900

7 475

DUMP GAP 1.5 FLOW SPLIT 0.664

THETA
MEAN
10.771
16,230
15.304
b,B62
B.474
7.565

INNER 0

4,539
- 6.082
13.806

4,028

8,471

0,050

- SPLIT pOUNDARY LAYER PARAMETERS

4,747
6,319

SPLIT BOUNDARY LAYER PARAMETERS (ABOUT MAX VEL)

TOR

ITER

1.296

. €.205

1.108
1,352

1,019

1,637

1,341

% SHAPE EAC
MEAN
1.2848
1.96%97
1.3398
1.1501
1,7077
1.6333
UTER ~INNER 0
5,297 1.270
7.861 1.577
1.303 1,359
0,757 1,108
0,018  1.710
7,411 1.055
(ABOUT S/§)
5,145 1,215
7.671 1,693

2,278

"INNER

ALpHA
HEAN

1.0456

1.3166

1.0621
1.0126

1.2116
11,1726

1.041 -
1.148
1,063
1,007
1,213
1,002

1,030
1.712

QUTER

1,049
1,450
1,026
1,035
1,000

14167

1,054
1.514

~ 06¢ -



BOUNDARY LAYER PARAMETERS FOR DIFRUSER NO2,

INLET
QUTLET
S/LINNER
S/LOUTER
HEAD INNER

HEAD QUTER

INLET
QUTLET
S/LINNER
S/LOUTER
HEAD INNER

HEAD OUTER

IHLET

OQUTLET

UBAR/ UMAX

MEAN
- 0.8723
0.7233
0.%999n
0,9277
0.7113
0,7558

INNER

0.8796
0,738%
0.2001
0.7276
0,6973
0,9373

0.8930
0.7573 o

NUTER

0.3675
0.7207
0.”7422
0.7283
0,9914

0.7450

G, S EA

-~

DELTASTAR X%
MEAN
13.839
31,069
11.52¢
7,596
14,691

11,067

TuNeR QUTER

5,765 6,863
13.111 13,910
9,981 1.003
6,185 1,280
14,671 0.017
n,024 10,420

5.272 7.319

12.987 14,016

INNER

THETA

MEAN
10.771
16,294
9,739
6,479
8.240
7.140

4,539
7.113
8,460
5.423
8.220

0.024

SPL1T BOUNDARY LAYER PARAMETERS

b.564
7.116

%

QUTER

5.297
7.111
0.834
0.959
0,017
6,715

INNER

SHAPE FAC

- MEAN
1.2848
1.9068

PUMP GAP 1.5 FLOW SPLIT 41,065

TOR

1.1836

1.1724
71,7829
1,5500

SPLIT 3OUNDARY LAYER PARAMETERS (ABOUT MAX VEL)

1.270
1,843
1.180
1,441
1,785
1.025

(ABOUT §/8%)

5.290
7.107

1.160
1.825

-

OUTER

1.296
1.956
1,144
1.336

1,018

1,552

1,382
1.972

JNHER

ALpHA
MEAN
1.0456
1.2929
1.0206
4.0175
1.2912
1.,1407

1.041
1.263
1.019%
1.01¢
1.251
1.000

1.021
1.247

QUTER

1.049
1,347
1.021
1.040
1,000

1.138

1.068

1,33

- 15l -



BOUNDARY LAYER PARAMETERS

INLET
GUTLET
S/LINNER
S/LOUTER
HEAD INNER

HEAD QUTER

INLET

OUTLET
S/LINNER

S/LOUTER
HEAD INNER

HEAD OQUTER

INLET

Iy OUTLET

UBAR/LIMAX
MEAN
0.3728
0.7206
0.8739
0.9535
0.7229
0,7467

TNNER nUTER

-

FOR DIFFUSER N2, DUMP GAP 1.5 FLOW SPLIT 1.751

DELTASTAR X%
HEAN
13,839
32,008
12,802
4,360
12.079
13,638

INWER QUTER

THETA

MEAN
10.771
16.033
10.431
3,653
7.218
8,279

INHER 0

%

UTER

SHAPE FACL
MEAN
1.2848
1.9963

TOR

1.2274

1,1933
1.6735
11,6473

INNER 0

SPLIT BOUNDARY LAYER PARAMETERS (ABOUT MAX VEL)

5.765 6.86%
17 .84 45,974
0.584 7.967
2.526 1,665
12,070 0,003
0.021 12.719

4,539
7.946
0,527

2.150

7,209

0,021

SPLIT gOUNDARY LAYER PARAMETERS

0.8796  0.8675
0.6937  0,7484
0.9529 09,3031
0.9618  0.9530
0.7074 0,996
0.9893  0.7375
0.8495  0.3373
0.6272 0,7386

17.946

6,434 6,513

10,875

7.866

5,297
6,265
6,458
1,363
0.007
7.714

1,270
2,245
1.108
1,175
V1,674
1,022

(ABOUT §/%)

3,332

6,329

1,362
2,281

UTER

1.296
1.752
1,175

1.221

1,008

1,649

1,223
1,748

INNER

ALpHA
MEAN
1.0456
1.325&-‘
1.0897
1.0151
1.1982
1,1845

QUTER

1,041 1,049

1.433 1.226

1,008 1.0

1.013 1,017

1.193 1,000

1.000 1.184

1.001 1.034

1.500 1.198

- &8¢ —



BOUNDARY LAYER PARAMETERS FOR DIprFUSER NO2. DUMP GAP 4.5 FLOW SPLIT 2.283

INLET
QUTLET
5/LINNER
S/LOUTER
HEAD INNER

HEAD OUTER

INLET
QUTLET
S/LINNER
S/LOUTER
HEAD INNER

HEAD OUTER

INCET

- OUTLET

UBAR/UMAX PELTASTAR %
MEAN MEAN

0.8723 13.339

0.7249 31.862

0,343%8 19,782

0.9472 5,549

0.7517 10,232

0.7683 12 942
TNNER QUTER INNER QUTER
0.8796 0,.3675 5.763 6,863
0.6691 0.73%0 20,039 9,153
2.9200 0.3371 n.821 12.364
6.7457 0.7477 1,432 3.737
0.7384  0.9744 10,172 0.059
0.9942  0.7514 n.025 12.03?'

SPLIT paUNDARY LAYER PARAMETERS

0,8466 00,8346 5.330 7,254
0.5537 0.5321 ¢,029

THETA %

MEAN

10.771

15.691

14.822

4667

6.760

8,076

INNER

OUTER

SHAPE FAC
MEAN
11,2843

2,0306

TOR

1.3346 -

1.189¢
1.9136
1.6024

INNER 0

SPLIT pOUNDARY LAYZR PARAMETERS C(ABOUT MAX VEL)

20,136

4,539
8.466
0.665
1.220
6,703

0.023

4,377

8,039

3.297
53,596
%.231
3,129
0.048
7,504

1.270
2,367
1.235
1,174
1.517
1,021

{AS0UT §/S)

5,433

3,734

1.218
2,505

UTER

1,296
1,636
1.174

1.194

1,054

1,604

1,335
1,522

INNER

1.041

1.50

- 1.030
1.016
1.115
1.000

1.02

1.640

ALpHA

ME AN
1.0456
1.3333
1.0584
1.0172
1.1200
1.1627

QUTER

1.049
3 1,473
'1.059
1.017
1.002

1.163

3 1,054
1.125

- g£S¢ ~



BOUNDARY LAYER

ANLET
QUTLET
S/LINNER
S/LOUTER
HEAD INWER

HEAD QUTER

INLET
UUTLET

S/LINNER

S/LQUTER.

HEAD INNER

. HEAD QUTER

INLET

OUTLET

UBAR/ZUNAX

0.26406

PARAMZTERS

C0.0750

FOR DIFFUSER

DELVASTAR %

NQ3.

pDUMP GAP 0.4 FLOUW SPLIT 0.694

THETA %

MEAN

10.771

14,087

15.031

5.4

45

3.496

10.346

INNER

QUTER

SHAPE FAC
MEAN
©1,2848

2.0300

TOR

¢.0300

1.13¢5
1.2765

2.8155

INNER 0

SPLIT 3JOUNDARY LAYER PARAMETERS (ABOUT MAX VEL)

4,539

S 1.216

13.263

b.64T

3,436

0,127

4,682

MEAN MEAN
0.8728 15,839
0.7553 26,598
0.8445 19,692
0.9413 6.166
0.8696 4,465
0.5535 29130

INNFR  OUTZR  INMNER  OUTER
0.8796  0.8675  5.765  6.863
0.9539  0.6772 1.342  20.313
0.5241  0.92¢9  17.57¢  4.379
0.9614  0.9408 5,25V 0.825
0.8623  0.¥T1Y  4.39v (.05
0.9649  0.5038% 0,167 26.895
SPLIT 3NUNDARY LAYER PARAMETERS

0.9075 ,8269 5,720 6H.904

1,919 10383

1.819

5.29/7
9.595
1.153
0.7253
0.053

9.450

5,175

9.142

1.270
1.104
1.325
1;152‘
1.280

1.170

(ABQUT §/8)

1.243

1.055

UTER

1.296
2.118
1.132

1.138

1.059

2,837

1.334

2,175

INNER

ALPHA
MEAN
1.0456
1.3040
1.0550
1.0107
1.0656

1.9087

QUTER

1 1;049
7 1.408
5 14025
0 1.012
1.00d

7 1.955

1 1.0535

3 1.427

- ¥se -



BOUNDARY LAYER PARAMEITERS FOR DIFFUSER NO3, DUMP GAP 0.4 FLOW SPLIT 0.964

SINLET
QUTLET
S/LUNNER
S/LOUTER
HEAD INNEP

HEAD QUTER

INLET
OUTLET
S/LINNER
S/LOUTER
HEAD INHER

HEAD DUTEK

INLET

OUTLET

USARZUMAY DELTASTA
1EAN MEAM
N,6724 15,839
0.8074 22.555
N.8998 10,755
N.9540 6,870
5.7915 .67
0.8135 (.6067
THNER nUTER IHER 0
SPLIT
D.8706 T0.367S 5.705
0.8858 0_r62¢ 5,484 1
0.8339 0.Y35¢2 15.655
D.9379 0.91106 5,707
n.7792 0.0755 7.501
n_o9%04 a.rnhss n,n7e
SPLIT
n,8976 0.95480 5,.54¢
0.6976 0./724 5,457 1

Li4
R

UTER

6,863
2,968
10371
1,055
n,049

T oAUy
-nl'l..

7,065

2,729

THETA
MEAN
10.771
14,344
13.719
6.056
5.030

2,343

INNER 0

4L.539
4 1064
11.958
5.117
4,976

0.074

JOUNDARY LAYER PARAMETERS

L.354

h,207

% SHAPE FACTOR
| MEAN
1.2848
1.5724
1.5724
1.1343
1.5145

1.4336

UTER INNER QUTER

BOUNDARY LAYZR PARAMETERS (ABOUT MAX VEL)

5.297 1.270 1.296
7.632 1.263 1.696
1.148 1,309 1.115
0.852 1.115 1.238
0.047 1.519 1.052.
4,998 1.058 1 .439
(ABOUT S/§)

5.283 1.217 1,337
7.558 1.297 1.684

INNER

1,040

ALPHA
MEAN
1.06406
1.1403
1.,0488
1.01174
1.1468

1.0v02

UUTER
1.061 1;0h9
1,200
1.02%
1.05<
1.00¢

1.0Y6

1.058

1.200

- 6G¢ -~



;INLET
QUTLET
S/LINNER
S/LOUTER
HEAD INHER

HEAD QUTER

INLET
QUTLET
S/LINNER
S/LOUTER
HEAD THHNER

HEAD QUTER

Pt
i
-~
1

n-‘

DUMP GAP 0.4 FLOW SPLIT 1.389

THETA
MEANM
10.771
14,921
8.289
6.198
5.054

6.035

INNER 0

DOUNDARY LAYER PAFAMETERS

4L.539
8.273
3.350
46.771
5.022
0.039

4.539

SOUNDARY LAYZIR PARAMTTERS FOR DIFFUSCR NO3Z,
UBAR/IMAY DELTASTAR %
AN MEAN
.87°28 15,839
N.,8067% e, 6938
n, 978, TV.365
0.92303 f. 326
5,?053 . L77
n.7vsh H¥,835
TMNER QUTZR INMER QUTLCR
SPLIT
2.37%6 0.8670 5.705 6.863
I e d (S A 3,198 T.080
N,95°3 D.8705 3,905 4L,2135
0.6347  0.U15Y 5,490 1.666
n. 74824 H.YNSY¢ AN 0.023
D.27105 D,78565 0,047 S3.324
SPLIT BOUHDAR? LAYZR PARAMETERS
5.57%6 U;H’UK 5.670 6944
£.7500 0.8533 13.31¢ 6,982

VUTLET

8,250

%

UTER

SHAPE FAC
MEAN
1.2848

1.52%2

TOR

1.5212

1.1819
1.4796

1.4639

INHER 0

(ABOUT MAX VEL)

5.297
4,955
3.221
1.295
0,028

5,673

1.270
1.595
1.166
7.151
1.482

1.043

(ABOUT S§/5)

5.297

5,973

1.291

1.6%4

UTER

1.296
1,449
T.151

1.286

1.0£9 .

1.467

1.3%1

1.404

INNER

1.

1
1

L1690
L5

L0974

ALPHA
MEAN
1.0656
1.1209
1.0506
1.0191
1.1142

1.9072

OUTER
041 1.04Y
1.091
1.045
1.039
1.001
g0 1.107
1.05¢

1.085

- 98¢ -



BOUNDARY LAYER PARAMITEPS FNOR DIFFUSCR NO3.

;INLET
OUTLET
S/LINMER
S/LOUTER
HEAD INNER

HEAD QUTER

INLET
QUTLET
S/LINNER
S/LOUTER
HEAD INNER

AEAD QUTER

INLET

OUTLET

2%

UTER

DUMP GAP (0.4 FLOW SPLIT 2.049

THETA
MEAN

10.779

13.789
9.283
3.455
5.¢231

5.171

INNER 0

%

UTER

SHAPE FACTOR

. MEAN
1.2848
1.9100
1.9100
1.2307
1.4496

1.4038

INNER QUTER

SPLIT BOUNDARY LAYER PARAMETERS (ABOUT MAX VEL)

USAR/ UHAX DELTASTA
MEAN MEAN
0.3728 15,839
D.,77059 26,336
3.9059 11.09%
0.9505 4,252
5.TCR4 /.535
0,8520 r.258
THRER auTeR TMNER 0
C.E7DG6 0.8675 & 765
0.6911  0.9102  22.307
1.8676  0.9095 1.360
0.9637  0.v511 2.555
n_ 7801 n.vwvrs 7.531
N.9679  0.3%87 0,12y
SPLTT
20543 0.8320 5,370
0.5833  0.9266 41,566

6,863

T.edn

5.576

4,539

0.117

BQUNDARY LAYER PARAMETERS

4,439

9.971

5.297
2.44Y
3,595
1.244
0.045

4.781

(ABOUT S$/%)

5,380

2.844

1,270 1.296
2,124 1.226
1.937  1.224
1.224 1..242
1.453 1.047.
1.098 1.471
1.210 1.342
2.163 1,257

ALPHA
MEAN
1.0456_
1.2502
1.0388-
1.01¢7
T.1003

1.0844

INNER DUTER

1.041 f.oav
1.398
1.152 1.050
1.0¢¢
1.099 1.00<

1.006 T.08¢

1.023 1.056

1.426 S 1.05U

T.050

= LS¢ -~



BOUNDARY

IRLET
GUTLET
S/LTINNER
S/LOUTEPR
HEAD INNER

HEAD OQUTER

INLET
OUTLET

S/LINNER

S/LOUTER

HEAD [HNMER

HEAD QUTER

INLET

OUTLET

3

<

UBAR/UNAY

)

0.
n.
n.
0.

0.

. 5706
L8B00

r
L3505

L2005

[
ol
ra
~

LAYEIR PARADETERS

oA
c AN

L8728

Lavv?
8960
I YA
4T 65

PRIV A

QUTTER

U507 0
p.hbub
0.Y" 76

Q.vaul

0.0

roR DIFFUSER NO3, DUMP GAP (0.7 FLOW SPLIT (0.596

DELTASTAR

15,839
55,675
15166
b, 899
5,000

15,929

IMER DUTER

THETA
MEAN
10.771
15.843
13.795
4,277
5,723

8,300

IHNER

or
/o

OUTER

MEAN
1.2848

2.44611

SHAPE FACTOR

2.4611

1.1455
1.3980

1.6782

INNER 0

I7 DOUNDARY LAYER PARAMETERS (ABOUT MAX VEL)

5.70>5

ﬁ.Obf 24 .

A
%3.52¢2

7.95¢

0,004 15,

5,854

O LU0 23.99y

4,539

4 435

11.694

5.171

L 2.0676

u.077

SPLIT DOUNDARY LAYER PARAMETERS

L,300

L. 969

5.297
§.505
1.370
1.004
0,039

7.740

(ABOUT §/8)

5.074

8,079

1.470 .
1.366
1.325
1.1
1.401

1.092

1.215

1.297

UTER

1.296
2.859
10111

1.245

1.043 .

1.684

1.343

2.971

ALPHA
MEAN
1.0456
1.5166
1.0544
17.0115
1.0814

1.1975

UUTER

1.041 1;049
1.071 1.5&9
035 1.0506
1.007 1.02%
1.081 T.001

1.006 T.1%5

7.030 1.003

1.050 1.9r7¢2

- 8¢ ~



LOUNDARY

CIHLET
QUTLET
S/LINNER
S/LOUTER
HEAD THNER

HEAD OUTER

INLET
QUTLET
S/LINNER
S/LOUTER
HEAD INWER

HEAD QUTER

INLET

QUTLET

LAYIR PARANMITERS

MIAR/IMAY

MEAN MEAN
0.8728 15,839
n,.6ung 55,552
0.383838 14,764
n,9434 5,943
0.7060 10,207
N, 706357 11,207

INQER QuUTER iNneR DUTER
SPLIT
n.387%6 08675 5.765 6,363
0.7557 0.056¢ 17.558 17882
0.6733 0.912% T1.95Y c.8472
£.944Q I A 5.031 1.834
0.7547  0.96L5 19,119 £.074
N.9652  0.754Y 0.07v 10.483
SPLIT ROUNDARY LAYSR PARAMETERS
n.8975 0.84%0 5,425 YL
L7842 LU 15,254

0.0267 11

FOR DIFFUSEHER

N3,

ODCLTASTAR %

pUMP GAP (.7 FLUW SPLIT 1.04%7

THETA %
MEAN
10.771
16.990
11.677
5.243
6.522

7.198

INNER OUTER

SHAPE FACTOR
MEAN
1.2848
2.0925

2.0925

INWER QUTER

SOUNDARY LAYER PARAMETERS (ABOUT MAX VEL)

4.539 5.297
6.768 7.664
9,648 1.323
4,437 0.73¢
A 0.065
0.065 6,715

4.548 S5.28¢

6.720 7,548

(ABQOUT S/8)

1.270 1.296
1.723 2.333
1f2$8 1.134
1.134 1.138
1.570 1.075
17.075 1.561
1,193 S i.356
1,653 2.387

INNER
1.04

1.24

1.03

1.02

1.183

ALPHA
MEAN
1.0456
1.3824
1.0390
1.0111
1.1481

1.1649

OUTER

1 {-049
4 1510
1 1.954
1 1.01<
@ 1.004

& 1.146

7 1.006d

1.2635

- 652 =



LOUNDARY LAYER "ARANETEPS FNOT DIFFUSER HO3,

JIRLET
OUTLET
S/LINNER
S/LOUTER
HEAD INMER

HEAD QUTER

CINLET
QUTLET
S/LINNER
S/LOUTER
HEAD INNER

HEAD OUTER

INLET

QUTLET

UCARZUMAX

DELTASTAR %

ME AN Mz AN
C.8728 15,839
n.6280 55,365
09479 | 6.597
n.9488 5,378
0.7670 11.294
0.7775 17,500

THHER OUTER IHHER GUTER

.

0.

O

87C6H

.o6n7
LRE39
L9572

L7276

2
[#
1
o~

L8054

LGUN9

DUMP GAP Q.7 FLOW SPLIT 1.611

THETA
MEAN

10.771

17.200
4,823
4.508
6.968

7.209

INNER 0

A SHAPE FAC
MEAN
1.2848

2.0560

2.0560

1.1930

1.6207
1.5951

UTER INNER 0

SPLIT BJOUNDARY LAYER PARAMETERS (ABOUT MAX VEL)

5.760

0.83670 6.363
0.7/373 20,4135 17 .142
0.U420 n, 864 >Z.754
TR 3,935 1.283
P.YTSE 11,220 0.048
80,7601 n,05Y 10.715

4,539
8,796
D.749

3.33¢2

6,913

U,056

SOLIT DOUNDARY LAYER PARAMETERS

5.66¢ 6,957

S0L,206 19.3509

4.526

8,731

5.297 1.270
6,265 2.321
2.657 1.154
1.066 1,188

0.046  1.625
6.699  1.048
(ABQUT /%)

5.308 1.291

6.310 2,314

TOR

UTER

1.296
1.77%9
1.188

1.208

.05

1.59¢

1.311

1.792

ALPHA
MEAM
1.0456
1.3669
1.0505
1.0173
1.1739

1.1600

QUTER

1.049

1.242

050 -1.056

1.0d4

1.165

1.0

535 1.25¢

1.002

= 09¢ —



BOUNDARY LAYIR PARANITERS FNR DIFFUSIR N3,

CINLET
CUTLET
S/LINNER
S/LOUTER
HEAD INNER

HEAD cuTER

INLET
DUTLET
S/LINNER
S/LOUTER
HEAD INNER

HEAD QUTER

INLET

UUTLET

NRARSUMAX
ME AN
N.8728
11,6669
g,B!SO
0.9529
N.7ILS

6.7884

THHIR

0.87%6  0.56¢4 5,765 (.863
46,0054 QLr7vs 23,240 3.034
no94slL H.86%5 0,659 10,021
0.9374 0.¥774 1.64Y 2.045
n.TLRe6 N.Vaor 7,910 D.0066
n_oYHKRTY 0.7634 0,077 1N.568
SPLIT BSOUNDARY LAYER PARAMETERS
nLoeenn (¢, 805y 5.8y 6.720)
0.4639 0,820 27,241 3.792

GUTER

DELTASTAR %
Mz AN
15,83%
57,005
16.006/7
5.900
98¢

11.59%

In

WER OUTER

—

DUMP GAP 0.7 FLOW SPLIT 2,298

THETA % SHAPE FACTOR
MEAY MEAN
10.771 1.2848
15.213% 2.5638
11.868 2.5638
3.366 1,1587
5.545 1.4604
7.036 1.6189

INNER QUTER INNER . 0

SPLIT BOURDARY LAYER PARAMETERS (ABOUT MAX VEL)

4.539
8,234
¢.540
1.358
5,473

0.474

4,339

7,874

5.297 1.270
5.20¢ 5.428
7.386 1,183
1.82¢ 1,215
0.062 1,445
6,505 1.038

(ABOUT S/S)
5,470 1.360

5.465 5,665

UTER

1.296
1.564
1.215

1.1¢1

1.071

1.625

1.2£8

1.609

INNER

1.041

ALPHA
MEAN
1.0456
1.5610°
1.0930
1.0113
1.0971

1.1648

OUTER

1.049

768 1.140
.07 “1.055
.023 1.00r¢
097 1.004

L0041 1.972

L0559 1.052

.€33 1.144

- 192 =



BOUNDARY LAYER PARAMETERS
UBAR/ AL

INLET 0.8028

OUTLET N.65306

S/LINHER 5. 7940

S/LOUTEP D.9479

HEAD IKNER 0_8175

HEAD QUTER 0.6886

THHER NUTLE

o
500

FOR DIFFUSER

1

T

INLET n.87926 B.8670
QUTLET 0.7876 D.576/0
S/LIKNER N, 7650 0.8755 P
S/LOUTER 0.9524 g.v2dn
HEAD THMER {,0002 0;0701
HEAD QUTER 0.90%9 }.066Y
31T
INLET 0.9028 D.U3357
UUTLET 0.,06220 D.5000

OELTASTAR X%

MEAR

13.1¢
44

26.

MUER

099

LA4T2
L3906

429

0

UTER

BOGUNDARY LAYER

5,765
S0
2.059
ho2ro
8.3

L ]

”
1

6.805
J.45¢
2.034
5 .085
0.00y

$6.129

DOUNDARY LAVYER

A At Ly

CL.738

2

6,674

c.943

Hos,

DUMP GAP 1.2 FLUW SPLIT (.69

THETA % SHAPE FAC
MEAN MEAN
10.771 1.2848
16,779 2. 4171
16.882 2.4171
4.740 1.1564
5.972 1.4059
9.729 1.7914
iNNER OUTER INNER 0

PARAMETERS (ABOUT #MAX VEL)

4,539 5.29¢ 1.270
5.672 8,278 1.601
14,330 1.664 1.539
5.824 0,831 1,118
5,906 0.056 1.410
0,708 8.965 1.117

PARAMETERS (ABQUT S/§)

4,682 5.177 1.292
5,886 8.126

T.604

1

TOR

UTER

1-296
2.834
1.118

1.306

1.003.

1.799

1.278

2,823

INNER

ALPHA
MEAN
1.0456
1.5393
1.1582
1.0151
1.0846

1.2597

QUTER

1 1.04Y
9 T.635
7 1.%08
8 1.041
T.0035

7 1.255

2 1.058

5 7.883

= ¢9¢ ~



Coukpany LAYER‘UARAﬁETEﬁ1 FOR DIFFUSIR NO3, DUMP GAP 1.2 FLOW SPLIT (0.955

USAR/UNAY DELTASTAR % THETA %  SHAPE FACTOR ALPHA

meE AN [MIAN MEAN MEAN MEAN
“INLET D872y 15.833¢ 10.??5 1.2848 1.0406
QUTLET N.663 5%, Lh8 47,611 2.2400 | ' 1.4600
S/LINNER 2.38258 23,689 15.956 2.2600 1.0688
S/LOUTER - N,9492 6.134 - 5.523 . 1.1197 1.0091
HEAD THNER D.7592 . 1&,63{ ' 7.635 1.6543 1.1886
HEAD OUTEPR 3.7580 Y.608 6.508 1.4765 1.1121

THNER nu?:r' 11nER OUTER INNER OUTER INNER OUTER INNER - OUTER

SPLIT DOUNDARY LAYER PARAMETERS (ABOUT MAX VEL)

TNLET  0.8796  0.8675 5,765 6.36% 4.5%9 5.297 1,270 1.296  1.041 1.049
GUTLET C.7378  0.67¢5  12.7¢6  40.934  7.011 7.900 1.812  2.523 1.253 1.640
S/LINNER 0.8177  0.803%Y  18.718  1.937  13.326 1,389 1.354 1.116 1.0664  1.066
S/LOUTER  0.9401  0.9475 5. 200 0.750 4.820 0.0639 1,116 1.143  1.009 1.01¢
HEAD IRNER 0,714% n, vosy '12_a34 n.125 .'?_Soa 0,709 7.664 1.129 1,187 1:OU6
VHEﬂD QUTER n,9736 N.76Y4 2.0806 5.986 0.079 6.06¢0 1,088 1.481 1.004 1.110

S2LIT ZOUNDARY LAYER PARAMETERS (ABOUT S/%)

INLET G.Gu°¢ ), 556% H,QeY G584 4.554 5.287 1.333 1.246 1.052 1.056

GUTLET 0.7499 0.5930 T3.080 1¢.6235 7,019 7.901 1.864 2.484 1.263 1.6435

- £9¢ -



COURDARY

IHLET
UUTLET
S/LINNER

S/LOUTE®R

HEAD INNER

HEAD QUTER

THLET
OUTLET
S/LINNER
S/LOUTER
HEAD INNER

HEAD QUTER

INLET

QUTLET

LAYER PARANCTENS

HBAR/UMA™N

i

0.

THHER

0

0

0

‘sa

L87°6
L0646
G362
-9015
.TA00

L2792

[>3LRT]
L 4

8728

nuTeR

i,

0.

.

0

¢.

0

0.

5oL
HhH7H
AN s’

454

LU 43

AN IS

e 2

3TLI

A

390

FNR DIFFUGER HOZ,

NELTASTAR % THETA % SHAPE FAC
HTAN MEAN MEAN
15,539 10.771 1.28438
58,46y 17.343 2.2476
£ 032 6.063 2.2176
4,361 3.814 1.1513
10,178 6.778 1.5129
15,017 B.749 1.7163
THUER CUTER INNER OUTER I NNER 0
T DBOUNDARY LAYER PARAMETERS (ABOUT MAX VEL)
.s.7o> 6.863 4.539 5.290 1.270
0,546 13,357 5.523 6.575 2,610
6,790 hoQTU (.636 3.53Y 1.242
3.28¢ 1.002 2,883 0.846 1,140
10,115 6,057 6.664 0,054 1.517
0,055  13.939 0.054 5.102 1.061
T SOUNDARY LAYER PARAMETERS (ABOUT §/%)
5,48% T.123 4.516 5.310 1.214
4N.91¢ 13,0353 8,438 6,644 2,479

DUMP GAP 1.2 FLOW SPLIT 1.703

TOR

UTER

1.296

2.+.031

1.160
1,061

- 1.740

1.340

1.962

INNER

1.041

1.35

1.02

ALPHA
MEAN
1.0656
1.45¢5
1.0143
1.0114
1.12U9

1.2172
QUTER

T.089
6 1361
70 1,018
0 1.018
6 1.003

3 1.21Y

7 1.057

4 1.308



BOUHNDARY

INLET
QUTLET
S/LINMER
S/LOUTER
HEAD ITKRHER

HEAD QUTLR

INLET
QUTLET
S/LINNER
S/LOUTER
HEAD INNER

HEAD QUTELR

ITNLET

OUTLET

LAYZR PARANTTEDS TOR DIFFUSER Hu3,
HBARZ UMK Y DELTASTAR & THETA %

ME AN HEAM MEAN
n.8728 15,839 10.771
0.6685 58,816 16,804
5.8017 17.589 12.826
7.9467 5.597 4.712
9.7874 B.275 5.76%
0.74594 15,709 §.959

INHER ouTse IHHER OUTER INNER QUTER

SPLIT BQUNDARY

SHAPE FAC
MEAN
1.2848

2.3099

- 2.3099

1.1878
1.4344

1.7535

INMER 0

LAYER PARAMETERS (ABOUT MAX VEL)

1.270

2.761

1,351

1,344
1,640

1,045

1.3038

0,376 D.EGCY 5,765 6.863 £.539 5.297
0.6UTE  0./356 24,409 10,737 8,840 5.936
0.9157  0.38561 0,855 10.92» 0.618 7.961
0,9065  (.v55¢2 1. 6%y 3,538 1.264 3.129
nLTTo 0,061 5 8,185 0.077 5,686 0.071
n o838 1 e ) 0, 045 1h.522 C.043 8,266
SOLIT BOUNDARY LAYER PARAMETERS (ABOUT S/$)
0.8535  0.ieoeY 5.605 6.931 4,339 5,469
NLB37  O.7N39 Zh L6 10,631 ®.372 6,295

£.924

DUMP GAP 1.2 FLUW SPLIT 2.288

TOR

UTER

1.296
1.309
1.344

1.131

1.084 .

1.757

1.267

1.689

 INNER

ALPHA
MEAN
1.0656
1.48¢27
1.0612
1.0170
1.09¢3

1.23£1

UQUTER

1.049
1.254
1.061
1.010
1.0U>
1.256
1.045 T.042

1.929 1.188

= G892 ~






