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Investigation concerning Design Method of the Diffuser
Expansion Ratio Commanding a Starting of the Second
Throat Exhaust Diffuser for High Altitude Simulation

Sunghyun Park* - Byunghoon Park* - Jihwan Lim* - Woongsup Yoon**

ABSTRACT

Starting characteristics of the axi-symmetric second throat exhaust diffuser (STED) with
zero-secondary flows are numerically investigated. Renolds-Average Navier-Stokes equations with a
standard k—e turbulence model incorporated with enhanced wall treatment are solved to
simulate the diffusing evolutions of the nozzle plume. Minimum (optimum) starting pressure
difference of 20~25% between 1-D theory and the measured data validated from previous results[5]

is also applied to predict the range of an effective diffuser expansion ratio (Ad/At) in this system.
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53], 2x5 Y3FAH(STED: Second-Throat
Exhaust Diffuser)= o] A7d YHTHZA
U] 3% (CAED: Constant-Area Exhaust Diffuser)
FEI[4]ol A 2255 AFES] B S EoFe
24 olAE-HFA e AETT

UtHFig. 1]. o] ®, 2" =& Aol sl o]
B2 245 HA Dy dFA A7 F4(Da)
dof AFTF 2do os) Z2AHL, 2445 AR
1S HSA7IEA "HFA e AlsEth

gEtA B A AN HuyFYEex=s
o tg 225 oA H-"FAE FAe F&
AAMT T sl HiEA AT WA Al W
=25 W (A)S ¥Rl YA WA/ AY7E

2 PPNY 5

Asds 2 3T SHA of¥A HAHY,
HAFHor2 AAQEHE HAH dg g3 8E &
B3k Aol
Ld L Lst | L\ "
P g, o
i T
Po_iq\ Dn Dcl Dy De

Vacuum chamber I T \
Second throat part

High pressure supply line Subzonic diffuser

Fig. 1 A Schematic showing essential design parameters
of a Second Throat Exhaust Diffuser (STED)
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Table 1 Test matrix for 2-D analysis and experiment

parameter (CASE A|CASE B|CASE C|CASE D

Au /A 30 40 50 60
Ay / Ay 25 25 25 25
Py 2-17 2-23 2-28 2-35
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CASE A1 B-1 C1 D1 Range
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Fig. 2 Evacuation Optimum starting pressure predicted
by 1-D theory and deviation from the
measurement [5]
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Fig. 3 Evacuation The comparison of starting
pressure through characteristic curve of
Case A, B, C, and D from Table 1 [5]
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Table 2 Optimum starting pressure range through
1-D prediction of STED and CAED
Starting | Diffuser expansion ratio (4./4,)
Type | Pressure
(atm) 110 | 120 | 130 | 140 | 150
1-D
. 30.5| 33 |35.4|379]|395
design
STED —=
Deviation
36.6 | 39.6 | 42.5 | 455 | 474
20%
1-D
CAED . 571 (621 | 67 | 719 | 76.8
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Table 3 The results of analysis for diffuser starting
as diffuser expansion ratio

Diffuser |Diffuser expansion ratio (4/4,)
Type
P Starting | 110 | 120 | 130 | 140 | 150
Starting
Y Y Y Y N
STED Yes or No
Pc (psi) | 0.41 | 0.3 | 0.26 | 0.23 -
Starting
CAED N N N N N
Yes or No
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Fig. 4 Mach number contour as diffuser expansion
ratio
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Fig. 5 Optimum starting pressure through 2-D
analysis with reference design parameters
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