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This paper describes and evaluates a new theoretical method for designing supersonic
ejectors. The method predicts numerically the optimum geometry of an ejector which gives
maximum efficiency. The numerical investigation is based on flow equations governing
turbulent, compressible, two-dimensional, steady, time averaged and boundary layer
equations. These equations are continuity, momentum and energy. In addition, turbulent
shear stress and heat transfer are calculated using eddy viscosity model. These equations
are solved iteratively using finite difference method under the conditions of different flow
regimes which can be divided into several distinctive regions where, the methods for
estimating the mixing length are different for each flow region. The first flow region depicts
the wall boundary layer, jet shear layer and secondary and primary potential flow. The
second one contains a single region of developing flow. Simple ejectors with convergent-
divergent primary nozzle were fabricated and tested experimentally to evaluate the proposed
method. The present theoretical and experimental results are well compared with the
published data. The results obtained are used to correlate the optimum ejector geometry,
pressure ratio and ejector optimum efficiency as functions of the operation parameters and
ejector area ratio. The resultant correlations help in selecting the optimum ejector geometry
and its corresponding maximum efficiency for particular operating conditions.
MJQ’J\A_LAI‘JAM A=’ Ls_}-‘ég ;‘A‘E;\Aswbﬂwﬂ\}é‘)ﬁhuﬂ&‘}ﬁd‘ Jbu\}“ quamjiahumbmiﬁ)}\ a.AA ?3.@_“1
& yaill AaeS pliy g 4 ) peia¥) E¥alas a5 i) Al AL abecaitl ol ) gl el Lalall c¥aledl) e
Ja o3l e dlSiay 5550 el JE Gles b "eddy™ g sed ahiaiul 2 WS ealiall Lidall ¥ alea s 48l ol
580 Al 3 g il o dlenall Al jally Al saasal) (55l A8y alainly i ) S5 ARy s AL YLl
lanal) 5 Al Alenall 5 A plaill Coanl) a5 (g 45 e Ao ot =yl 3 paill HLidY 5 Lilae o laidl 5 adafall yuaia
O S day 53 CBle i) 8 A phaill il alasiul a3 Y sie 88 53 40 )l sda & yedal 85 0 AY B ) siall 4y Hlaill
Aladiul (sae paady CAlAll Aaliall A 5 Jaaiall & jpiie (3 4SS (5 guaill (LAY 5US chaliuai¥) daw o JLiall Gilall sl
o2 e aailly Aaline Judi Cagyla e Juadill 30l al ALEL el Al dlayl HLaa) Jd dsiitaadl Y alead) 038
Lgti jlia s Uilera Lo JLia) 5 dnitiunall clBMal) (g Lggboon i gy 58l (lad ddline Tia slagf G006 a5 daiiiaal) cilEDlal)
Y sie (a) 5 40 Jlaal odn < yelal 28y Antitiaal) B ity

Keywords: Optimum ejector geometry, Supersonic flow, Two-dimensional flow, Ejector area
ratio, Maximum ejector efficiency

1. Introduction

For many years, ejectors utilizing readily
available fluids have been employed in
industry to economically produce vacuums
and pump secondary fluids. Fig. 1 presents a
view of typical ejector and its principal compo-
nents. As shown, two streams of differing
momentum are injected into a duct where the
higher momentum stream (primary fluid)
sucks the lower momentum (secondary fluid)
via entrainment. Ejector efficiency and its
performance are based on the ability of the
adjacent streams to adequately mix and
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exchange momentum. Many studies [1-11]
were directed toward understanding of the
flow phenomena and performance of ejectors.
Donald and Robert [1] carried out an
experimental and theoretical investigation at
supersonic and subsonic Mach numbers of
auxiliary inlets supplying secondary air flow to
ejectors exhaust nozzle. The tests were
extensively conducted on two ejector
configurations over a wide range of primary
nozzle pressure-ratios at Mach numbers of
0.64, 1.5, 1.8 and 2.0. Fabri and Paulon [2]
studied experimentally and theoretically
supersonic air-air ejectors. The theoretical
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Fig.1. Ejector geometry, boundary conditions and computational grid.

analysis was based on one-dimensional flow
and experimental study was conducted on a
constant-area mixing ejector. The effects of
different parameters such as length of the
mixer, terminating diffuser length, cross
section of the mixer and primary flow Mach
number were studied theoretically. Kirti et al.
[3] studied numerically the turbulent mixing
in the initial region of heterogeneous
axisymmetric coaxial confined jets. A binary
isothermal system of non-reacting gases was
considered. Their results were obtained for
four different jet configurations for which
experimental data were available. A formula-
tion was presented for the eddy viscosity and
the eddy diffusivity that adequately describes
the confined turbulent mixing of heterogene-
ous streams in the initial region. Abou-Taleb
[4] studied experimentally and analytically the
effect of geometric parameters on the perform-
ance of ejectors. Approximate formulas for
calculating pressure ratio and optimum
entrainment ratio as well as the optimum
design conditions were derived. Dutton and
Carroll [5] developed a one-dimensional
constant area flow model for solving a large
class of supersonic ejector optimization
problems. Design curves for common case of
adiabatic primary and secondary gases of
equal molecular weight and stagnation
temperature were also presented in their

study and discussed. Raman and Taghavi [6]
provided a detailed experimental evaluation of
a rectangular, multi-element, supersonic jet
mixer-ejector nozzle. Information on the
mixing, pumping, ejector wall pressure
distribution characteristics of four simple,
multi-element, jet mixer-ejector configurations
was presented. Their results showed that the
ejector configuration that produced the
maximum entrainment ratio also exhibited the
lowest wall pressures in the inlet region and
maximum thrust augmentation. Guillaume
and Judge [7] presented a unique means of
increasing the efficiency of a jet pump by
using elliptical nozzles on jets instead of
round jets. At high flow rates, the jet pump
using the elliptical jets was shown to have an
efficiency that was approximately a factor of 6
greater than the pump using the round jets.
Szabo [8] studied analytically the influence of
the material quality of the primary gas jets on
the final vacuum created by a supersonic gas
ejector. His results showed that their ejector
geometry greatly depended on the quality
changes of the operating primary gas due to
temperature and pressure changes.
Kandakure et al. [9] developed a numerical

model to understand the hydrodynamic
characteristics with reference to ejector
geometry and the effects of operating
conditions on the ejector performance.
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Karambirov and Chebaevskii [10] described a
method of choosing an ejector geometry for
given operating conditions. Generalized
dimensionless characteristics of ejectors were
given for averaged loss coefficients. They
explored the possibility of decreasing the
coefficients of heat loss by improving the
profile for the delivery of passive fluids to an
ejector pump (use of stepped diffuser). Yong et
al. [11] studied numerically and experimen-
tally the development of a large-entrainment-
ratio axisymmetric supersonic ejector for
micro butane combustor. Operation condi-
tions as well as geometric parameters of the
ejector were systematically changed and their
effects on the volume-flow-rate ratio were
investigated in a series of experiments where
butane was mostly simulated by air. Most of
previous publications did not concern with
overall efficiency enhancement by optimization
of the geometric parameters and choosing of
the operating conditions in order to give the
maximum overall ejector efficiency, which is
the primary motivation behind the present
work.

2. Experimental set-up

The experimental set-up is schematized in
fig. 2. Compressor of sufficient capacity is
used to ensure the continuous operation of
the ejector. Compressed air (at a maximum
pressure of about 8 bars and an ambient
stagnation temperature) is filtered to remove
large particles such as dust and compressed
oil droplets. The compressed air is then
directed towards an air reservoir which is
connected to the entrance of the primary flow
nozzle of the ejector. A pressure control valve
is used to adjust the primary flow stagnation
pressure Po;. The entrained air flow is taken
from the surrounding atmosphere. The
entrained mass flow rate can be regulated by
means of a valve located at the entrance of the
aspiration tube.

Apparatuses installed on the primary and
secondary air circuits to measure the
stagnation pressures and mass flow rates are
also shown in fig. 2. Pressure taps distributed

along the ejector were used to measure wall
static pressure distributions.

In the tested ejector as illustrated in fig. 1,
the exit diameter of the primary flow nozzle is
6.2 mm (inner), the dimensionless constant
pressure mixing section length (La/Dp),
constant area mixing section length (Ls/Dp),
diffuser section length (Lc/Ds) and area ratio
(Ar) are 4.08, 4.46, 8.9 and 17.38 respectively
while the total angles of the constant pressure
mixing section and the diffuser section, 6; and
0, are 5.4° and 2.7° respectively. The uncer-
tainty for all the measuring devices was found
to be in the range of 0.08% to 5.6 %.

3. Mathematical model

The flow through the ejector is modeled
based on the governing flow equations under
the following assumptions:

- Two-dimensional and steady flow.

- Both stream flows are the same perfect gas.
- No heat transfer across the walls of the
ejector.

- Both streams are assumed to be skockless.

- Static pressure is constant at any section
normal to the axial direction.

3.1. Governing equations

The system of equations governing
turbulent, compressible, steady, time-
averaged and boundary layer flow can be
written as follows:

- Continuity equation

6pu+16(pvr)zo' (1)
ox r or

- Momentum equation

__ou0  __ou
pu—+pva—=
5 X y @)
9 1 0|_ ,0U0 a :
-—p+—a—[ﬂy —— -y (/N)}
x y®oy y
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Where a =1, y = r for axisymmetric flow and
0. =0 for two-dimensional flow.

For axisymmetric flow, the above system of
equations can be rewritten in terms of stream
function, p using the proposed transformation
by Krause [12 and 15] as follows:

——— 2
[—’”’” ’ i-mv} - )
y w

2 0
__ 8T udp u 0
uc, —=——+— —
Pox pdx 2w oy
kpur?oT _ — ' O]
’02———cpTipv)r +—. (5)
v 4 P
396

Using the eddy viscosity model, the “turbulent
shear stress” and “turbulent heat transfer” are
defined by:

_ du , pureou
rp=pe——=-ulpv) = —, (6)
or 2 v
__ 0T _ plur - oT
=pcC — =—C,lpv)T = —
dr =p ng r p(p ) 2V/ r ‘H v
(7)
Where ¢ is termed the “eddy momentum

diffusivity” and &, 1is the “eddy thermal

diffusivity”.

After substitution from eqgs. (6 and 7), egs.

(4 and 5) can be expressed in a dimensionless

form and regrouping in X - w™* coordinates
[15] as;

ou  1.dp

X 2p*d X

gL Clg 01 ®)
2y*oy* Oy*
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3.2. Turbulent shear stress and heat transfer

The well-known Prandtl assumption for
the turbulent shear stress and heat transfer
is:

o0
" or

<

e =1 (10)

In a dimensionless form and X - w* coordi-
nates, eq. (10) becomes:

up*y
2y*

2| ou |

e "oy |

For specifying the approximate relation-
ship between the mixing length and the mean
flow variables, confined jet mixing, as reported
in [13], can be split into several distinctive
regions as shown in fig. 3. The first region is
called regime-1, which contains the wall
boundary layer, jet shear layer, secondary and
primary potential flow regions. While the
second one is called regime-2 which contains
a single region of developing flow. The
methods of estimating mixing length are
different in each flow region. In the jet shear

layer, the mixing length is assumed to be
dependent only on the shear layer width. The
definitions of the wall boundary layer
thickness and shear layer thickness were
based on the value of r at which the local
velocity was 0.99 of the external stream
velocity and taken as depicted in [15].

3.3. Finite difference equations

The general form of differential eqgs.
(8 and 9) in finite-differencing form according
to grid lines shown in fig. 1 is:

An-l :Bm+1,n + Bn-l ﬂm+l,n+1 + cn-1 ﬁm+1,n-1 = Dn-l‘ (11)

Where, 3 is the generalized dependent variable
representing u and 6 for the conservation of
momentum and energy respectively. While A,
B, C and D are the source terms taken as
depicted in [15].

3.4. Boundary conditions

At the inlet, the air velocity profile is
assumed to be uniform. At outlet, the gradient
of flow variables in the flow direction is set to
zero. Along the axis of symmetry, the following

indary conditions were used:

YZO;I/I*ZO;au :0;80:
ow* ow*

And the wall boundary conditions are:
Y = f(X) (know wall geometry);

w* = constant; U= 0; ﬂ =0.
oy *

3.5. Solution procedure and convergence

The system of egs. (11) has been solved
using an implicit finite difference scheme
based on the arrangement shown in fig. 1. The
solution procedure and convergence are
realized by the algorithm depicted in [15].
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3.6. Model validation

A test for the present model is carried out
for a typical case of air-air ejector. So the
model has been tested and validated against
the published experimental and analytical
results of [3]. These comparisons are
presented in figs. 4 and 5 under the same
conditions of primary stagnation pressure and
temperature, Po; and To;, for the tested ejector.
It is evident from fig. 4 that the present
predicted wall static pressure distributions
and experimental one [3] are in closer
agreement compared with analytical results of
[3]. While fig. 5, shows the present predicted,
experimental and theoretical temperature
profiles at four axial locations of [3]. The
comparison shows acceptable agreement. The
discrepancy of results may be due to the
empirical input values of the velocity and
temperature profiles at each flow section into
the analytical model presented in [3] while the
present model depends only on the assumed
initial conditions.

For more validation of the present model,
the model has been compared with the
present experimental results as shown in fig.
6, for wall static pressure coefficient
distributions at five different values of motive
stagnation pressure coefficient. The compari-
son shows a reasonable agreement.

4. Optimum ejector design

The objective of optimum ejector design is
to achieve a maximum efficiency through the
following procedures:

1. A random value of an area ratio is chosen.
2. Operational parameters x4 and Cp in order
0

to avoid shocks, separation and secondary
flow recirculation are selected.

3. Minimum optimum dimensionless ejector
lengths (La/ Db, Lo/ D» and Lc/Dp) are selected
in order to minimize the overall ejector weight
and to maximize the overall ejector efficiency.
4. For each optimum ejector design there are
certain values of the operational parameters

which give the maximum efficiency. The
optimum dimensionless lengths are correlated
as functions of the ejector area ratio and the
operating parameters. Both the optimum
ejector lengths together with the optimum
operational parameters are interpreted in
optimum characteristic curves.

4.1. Optimum constant-pressure mixing section
length, (La/Ds)

Mixing of supersonic primary flow with the
subsonic secondary flow leads to an abrupt
pressure rise, which leads to possible regions
of recirculation or separation which are
undesirable in optimum designs. A convergent
section results in a higher velocity of the
secondary flow (leading to its acceleration)
which is accompanied by a decrease in the
static pressure that equalizes, to some extent,
the abrupt pressure rise due to mixing leading
to an overall constant-pressure mixing. After
several trials, the optimum-constant pressure
mixing length is found to be the length at the
end of which the flow becomes no longer
supersonic.

4.2. Optimum constant-area mixing section
length, (Lv/Dy)

After selection of the optimum constant-
pressure mixing section length, both streams
of flow are allowed to mix completely in a
constant-area mixing section. The optimum
length of the constant-area mixing section is
the length at the end of which fully developed
flow is accomplished.

4.3. Optimum diffuser section length, (Lc/ Dy)

The optimum length of diffuser section is
selected to recover the pressure until a certain
back pressure. In all calculations in the
present study, an atmospheric back pressure
is chosen.
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Fig. 4. Comparison between predicted wall static pressure distributions and published theoretical and experimental data,
ref. [3] for different entrainment ratios. ( Po1= 24 bar, To1 = 706 K).
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Fig. 6. Comparison between predicted wall static pressure coefficient distributions
and experimental data at different inflow conditions (4= 1.0, Ar = 17.38).
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5. Results and discussion
5.1. Effect of area ratio, Ar

Ejector area ratio is considered as the
main geometric parameter in designing an
ejector for a particular operation. The ejector
area ratio (Ar), is defined as the ratio between
the area of the constant-area mixing section
and the exit area of the primary flow nozzle.
The inner exit primary flow diameter is kept
constant at 6.2 mm while the constant-area
mixing section is varied in order to investigate
the effect of (A7) on ejector performance.
Increasing the area ratio increases the
secondary flow inlet area (where 6, and & are
constants). A larger secondary flow area
results in a smaller velocity, smaller Mach
number and consequently a larger static
pressure. The effect of area ratio on the static
pressure coefficient and centerline flow Mach
number at four different area ratios is shown
in figs. 7 and 8. From these figures it is clear
that Ar, has a positive effect on the static
pressure coefficient and a negative effect on
the centerline Mach number. The effect of area
ratio on the ejector efficiency (n), and the
pressure ratio (¢), at different operating
conditions is shown in fig. 9.

Fig. 9-a shows the effect of area ratio on
the ejector efficiency and pressure ratio at four
different mass ratios. At a certain value of
area ratio ejector efficiency is increased as the
mass ratio increases while for a given mass
ratio, ejector efficiency is increased firstly due
to the increase in the area ratio which
increases the static temperature of the
secondary flow. However, the ejector efficiency
is then decreased due to the increase in total
energy loss represented in the exit stagnation
pressure, Po. Fig. 9-b shows the effect of area
ratio on the ejector efficiency and pressure
ratio at six different temperature ratios. For a
given value of area ratio, efficiency is
increased as the temperature ratio decreases
because of a decrease in the primary flow
static temperature. While for a given value of
temperature ratio, the ejector efficiency is
firstly increased due to an increase in the
static temperature of the secondary flow but it
is then decreased due to the increase in the
frictional losses associated with decreasing the

exit stagnation pressure, Poe. Fig. 9-c
represents the effect of area ratio on the
ejector efficiency and pressure ratio at four
different stagnation pressure coefficients. At a
certain area ratio, a lower stagnation pressure
coefficient leads to efficiency enhancement
due to power saving represented in a lower
primary flow stagnation pressure. While at a
certain value of¢ 0.’ efficiency is firstly
o

increased due to an increase in the secondary
flow static temperature, T2 and it is then
decreased due to a decrease in exit stagnation
pressure at ejector exit.

5.2. Optimum characteristic curves

To obtain the optimum -characteristic
curves through the previously mentioned
optimization procedures, five values of area
ratios Ar, are selected 9.78, 17.38, 39.11,
108.65 and 278.14. For each area ratio, the

operational parameters A, u and ¢ o, are
0

chosen by systematic trial together with the
optimum ejector dimensionless lengths La/ Dy,
Ly/ Dy and Lc/ De.

The five previously mentioned area ratios
are separately investigated to develop correla-
tions relating ejector maximum efficiency,
pressure ratio and ejector optimum dimen-
sionless lengths with area ratio and
operational parameters. The area ratio under
investigation is kept constant and the
operational parameters A, 4 and Cp are varied

0

systematically one by one while keeping the
others as constants. The maximum efficiency
is selected with its pressure ratio and the
ejector optimum dimensionless lengths and so
on. The obtained results are used in
developing new CFD based formulas relating
all the parameters under study. The obtained
correlations for air-driven air ejectors with
0:=5.4° and 6,=2.7°, are in the following
forms;

2193 0.595
L, 6.605Cp *™* u 12)
D - /10.507 Ar1.115 '
b
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Fig. 9. Effect of area ratio on ejector efficiency and pressure ratio for different inflow conditions.
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Fig. 11. Optimum characteristic curves for ejector performance at five different area ratios.
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Fig. 12. Optimum characteristic curves for ejector performance at four different temperature ratios.
406 Alexandria Engineering Journal, Vol. 46, No. 4, July 2007



N.I. Hewedy et al. / Performance of supersonic ejector
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. 1.048 A% (15)
CA*® 10393 ArO®2’
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— 132.81 u . (16)
CP00'0938 2077 Ay 0587
A comparison between the numerical

results and the values obtained by the
deduced formulas is represented in fig. 10.
The formulas are validated for an area ratio of
(9.78 < Ar < 278.14), a mass ratio of (2 < u <
51), a temperature ratio of (1 < 4 < 4) and with
a stagnation pressure coefficient of (1.28 <

C < 4.10).
Po
Fig. 11  illustrates the  optimum
characteristic curves for ejector selection

under maximum efficiency at five different
area ratios. Intermediate values of tempera-
ture ratios can be obtained by interpolation.
Fig. 12 represents the optimum character-
istic curves of a certain ejector at four different
temperature ratios in order to operate at a
maximum efficiency. The formulas obtained
are then used to determine the optimum
lengths of the ejector. For example, from
fig. 12-a if it is required to operate with a
mass ratio of 4 = 8 for an isothermal ejector
(4 = 1) then the optimum stagnation pressure
coefficient should be 1.28 which gives an
optimum efficiency of 36% and a pressure
ration of 0.03 at an area ratio of 39.11.
However, the efficiency and pressure ratio
would be about 46.5% and 0.045 respectively
if a square root of an area ratio is chosen by
interpolation to be about 5.6, (Ar = 31.36).
Then the optimum ejector dimensionless
lengths could be obtained from the formulas
eq. (12 to 14) for a particular values of u, 4, Ar
and ¢ 0 To validate the performed optimiza-
o

tion, three optimized geometries, the
dimensions of which can be obtained from

correlations eq. (12 to 14) with an area ratio of
17.38, are selected from the optimum design
charts and the correlations, fabricated and
experimentally tested. The obtained results
are compared with that theoretically predicted
and also with that obtained from the correla-
tions. The comparison shown in fig. 12-a
shows a reasonable agreement.

6. Conclusions

The present study is concerned with
numerical and experimental investigation of
supersonic primary flow and subsonic secon-
dary flow air-air ejectors. The present
theoretical and experimental results are well
compared with the published data. Formulas
for ejector optimum (maximum efficiency)
design are obtained by fitting the numerical
results and relating the ejector operation
parameters to the ejector optimum geometric
dimensionless parameters, pressure ratio and
optimum efficiency.

Nomenclature

An_1 is the coefficient in the finite-difference

eq. (9),
Ar is the area ratio, s,
b is the local jet shear layer width,

Bn: is the coefficient in the finite-
difference eq. (9),

Co is the time-average specific heat at
constant pressure,
C,
Cp *  is the dimensionless specific heat, _p’
Cp1
Cp1 is the specific heat at nozzle exit plane,
CL is the eckert number, (y - 1) M?,
T
Tl
Cni1 is the coefficient in the finite-
difference eq. (9),
Cp is the wall static pressure coefficient,
P.-P
0.5 p, u,’
Cp is the primary flow stagnation pressure
9]
coefficient, Lpfefz ,
05 p, U,
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is the internal exit diameter of the

primary flow nozzle,

is the diameter of the constant

pressure mixing section at the nozzle

exit plane,

is the diameter of the constant area

mixing section,

is the coefficient in the finite-difference

eq. (9),

is the dimensionless eddy viscosity,
&

V K
1
is the wall static pressure head,
is the distance from shear layer outer
edge to the jet centerline,

is the time-average thermal
conductivity,

is the thermal conductivity of primary
flow at nozzle exit plane,

is the mixing length,
is the dimensionless mixing length,

is the constant-pressure mixing
section length,

is the constant-area mixing section
length,

is the diffuser section length,

is the total length of the diffuser

(Ly+L.+L.),

is the mass flow rate,
is the mach number,
is the primary flow mach number at

nozzle exit plane, U, R

(7/ R T1)1/2
is the time-average static pressure,
is the dimensionless pressure

p
05 U,
is the wall static pressure,
is the stagnation pressure,
is the reference atmospheric
pressure,

>

&
is the turbulent Prandtl number, —,
&y
Cp
is the prandtl number, " ,
1

4=~ o

Sigs

c

<l

A4X

v
W

is the dimensionless parameter in

eq. (7),

is the turbulent heat transfer,

(ﬂ/ )I T |,

is the dimensionless parameter in egs.

(6 and 7),
is the local static temperature,

is the time-average temperature,

is the instantaneous fluctuating
temperature,

is the stagnation temperature,

is the wall reference temperature,

is the time-average velocity in x-
direction,

is the instantaneous fluctuating axial
velocity component,

is the local axial velocity in x-direction
is the dimensionless velocity in x-

direction, u_’

1
is the time-average flow velocity in r-
direction,
is the instantaneous fluctuating radial
velocity component,
is the space coordinate in the axial
direction,
is the dimensionless space coordinate,
U, x

V1

K

is the step size in x-direction,

is the space coordinate in the radial
direction,

is the dimensionless space coordinate
in the radial direction, U, I',

1

is the volume flow rate,
is the ejector efficiency
_ \Q (Poe -Poz) _ TZ ¢

= ~ 0 027 U= ,
Vl (Pol - Poe) Tl (1_ ¢)
Poe - PoZ

. . oe
is the pressure ratio, ———,

ol” Poz
is the stagnation temperature ratio,
Tol
Toz
is the stream function,
is the dimensionless stream function,

2
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2
1//*2 = V/—L;l (for axisymmetric flow),
P1V{

P is the fluid density,

o) is the time-average fluid density,

p* is the dimensionless fluid density, £ ,

P
0
7 is the mass ratio, m 02 ,
m-

u is the time-average absolute viscosity,

ylid is the dimensionless absolute viscosity,
iad
K1

y7i is the primary flow viscosity at nozzle
exit plane,

T is the local shear stress,

Tr is the turbulent shear stress, (pv)' U',

£ is the eddy momentum diffusivity,

EH is the eddy thermal diffusivity,

7 is the dimensionless temperature,

T -T,
Twr - Tl

6 is the total angle of constant pressure
mixing section,

& is the total angle of diffuser section,

v is the kinematic viscosity,

1) is the local wall boundary layer
thickness, and

A is the dimensional boundary layer
thickness, U1 J .

<1

Subscripts

1 is the primary stream condition at
nozzle exit plane,

2 is the secondary stream condition at
nozzle exit plane,

e is the mixing section exit condition,

i is the an integer number denoting the
pressure tap number or location of
pressure, and

w is the wall condition.
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