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A TEST TECHNOLOGY SIMULATION
EXHAUSTION AMBIENT PRESSURE OF THE
TURBOJET IN THE ALTITUDE-SIMULATING CHAMBER

Zhu Qing

(The 31st Research Inst. , Beijing, 100074)

Abstract : The simulating test technology of the exhaustion ambient pressure of
the turbojet in some altitude simulating chamber is emphatically described, and the
measures to increase simulated altitudes such as appropriately using tail cabin, ex-
haust diffuser and ejector; choosing the quantity of water jected and cooling air; ap-
plying choking technique and improving the air—tightne}ss in the cabin are also dis-
cussed in details.

The simulating test technology of exhaustion ambient pressure has been ap-
plied to 600 tests for a turbojet of aircraft at high altitude conditions in some alti-
tude simulating cabin, it is satisfied with requirements for tests of turbojet.

Subject terms: Turbojet engine, Altitude simulated test cell, Altitude simula-

tion test
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Table 1 Exhaust parameters of operation states of model test points for a turbojet engine'’

Actual altitute | Exhaust total | Exhaust total | Exhaust flow
Test h Ma Operation
pressure pressure temperature rate
point (km) . states .
s pu (MPa) s (MPa) TsK gmas (kg/s)
0 0 0 Full power 0.10132 0.2022 1850 66. 75
Full power 0.01697 1890 5.538
B 25 1.5 0. 00248
Non-full power 0. 015 813 4.514
Full power 0. 03648 1940 11. 756
C 25 2.3 0. 00248
Non-full power 0. 02805 828 8. 401
Full power 0.2412 1940 77.74
D 13 2.3 0.0165
Non-full power 0. 2063 828 61.803
E 0 1.1 Full power 0.10132 0. 3491 1923 113

1) Nozzle exit diameter: full power D, =675mm, non-full power Ds=526mm
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Fig- 1 Jet stream boundary curves at Fig. 2 Jet stream boundary figure at the

differential chamber pressure engine exit in the high altitude cell
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Table 2 Matched test results of the turbojet engine
and exhaust diffuser (L=200mm)

Engine Nozzle exit area of the engine Nozzle exit area of the engine
,_ X I
Ay=— (640mm)? As=— (670mm)?
Diffuser 4 4
. In middle In middle condition e-
state ejection jection goes on, when
can be fulfil pp= —79.993 kPa,
- 4/ d- Ay A,/ Al simulated d./d; AL/ AL but p.=—58. 662kPa,
o mm =1.22 =% (780)2 =1.49 condition. =1.16 =1.43 no longer down, it
cann’t be fulfil simu-
lated condition
In middle In middle condition e-
state ejection jection goes on, when
can be fulfil pp=—79.993kPa, p.
Al R . " o foae
7 di/ds ! AL/ As simulated di/ds Ai/ A can be down gradully,
+=800mm -
=1.25 |= e (800)2] =1.56 | condition. =1.19 =1.43 | it can be fulfil simulat-
ed condition
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Table 3 The partial test data of a turbojet engine with exhaust diffuser of diameter 800mm
Parameters
Test v (kPa) pe (kPa) prs (kPa) ps/ pe
numbers
No. 16 —65. 332 —76.511 —36. 598 2. 61
No. 17 —87. 397 —86. 220 —76.217 1. 66
No. 18 —69. 549 —79. 944 —37. 285 3.00
No. 19 —78. 080 —79. 453 —61.213 1. 83
No. 20 —78. 767 —84. 651 -52.191 2. 95
No. 23 —88. 280 —92. 060 —64. 645 3.96 .
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Table 4 Test data about water spray with rising degree of

vacuum of the high altitude cell

Parameters Condition
Value Pz (MPa) Ring water spray pc (MPa)
State
Middle State 0. 49 0 —0. 0627
Middle State 0. 49 No. 99 row —0. 068
Middle State 0. 49 (No. 62+No. 9) row —0.072

1) No. 9 row at water spray cooling section: gmw=18kg/s.

2) No. 6 row at the inlet of the exhaust diffufer: gmw=4kg/s.
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Table 5 Air parameters and total rising pressure ratio
at the inlet of the ejector

Boundary point
B C

Operation

Parameters

Full power

Normal rate

Full power

Normal rate

Ta (K

973

813

973

828

g (43)

0. 6849

0. 4582

0. 6847

0. 4577

pu (MPa)

0. 01225

0. 009432

0. 02641

0. 01765

€

10. 335

13. 422

4.794

7.173

SVERBZRURREY, BASIHBEFTRERS, FRESRERRE (K6 .H
RO, MRWA VISR EHRR, SIHBAMRL, EH 1. I PRSI S8R BAERD

AN pu=1.079MPa (KE), p,=0.785MPa (EE).
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Table 6 Typical operation states of the turbojet engine, drived two stage
ejectors, condition of degree of vacuum in the high altitude cell

w
Pz (MPa) pu (MPa) p. (MPa) Pm (MPa)
State
Middle 0. 392 —0. 0580 —0.0391
state 0. 490 —0. 0733 —0. 0507
Little full 0. 490 —0.-0533 —0. 0086
power 0.588 0. 883 —0.0713 —0. 0600
0. 569 1. 079 —0. 0820 —0. 0670
0. 706 1. 000 —0. 0800 —0. 0847
0. 785 1. 079 —0. 0840 -0.0813
Full power 0. 490 —0. 0253 —0. 0093
partially 0. 588 0. 863 —0. 0560 —0. 0440
0. 588 0. 981 —0. 0300 —0. 0093
0. 765 0. 814 —0. 0320 © —0.0093
0. 588 1. 079 —0. 0720 —0. 0613
0. 785 1. 079 —0. 0800 —0. 0720
0. 785 1. 079 —0. 0813 —0. 0780

Piz» Pus Per Pua can be present with surface pressure

3.2.5 “BE” HKEAM

HEBARPAMAMAER PRI E R LIEENEE, ERZRAEGLARERES
KATFRAZRETIEFAEEER, TURBRZRPORIBE, BESIHFHIINRE
S&.

B X R IR R 5 v B G B P A M BUIMR E BT B E M F 2P AKX,
RHFRR I E N 2P —EaRE . Bit, ZESXEENAFHRET, BT REBRIIER €T
HEMELES.

3.2.6 RGEFTREHE

HTHREHSYESVESA L . ER/IRSBEATZARR . AVHST EROMEL
RSB ER, BRSIMET HER, HBE T E-5I 8 8PRa iR RKENGA® E
REFHHRARR, —M2RTY E-3I8RB I E2. SHMEL NERSBREL5%, B
KMEERER 15V HERHNBASHERRALE, B FAEEEA220n ROSFEE, BB
RS, EETEHARERBE RS FEH, 75294. 2kPa [ M ES B W & # BB RERE
YA TR, SRIMGENTHEEN 2REF RARIEY . REREEERT, TERZ
AR B 1 T B — 6. 67~ —13. 33kPa , XX R ZE BB R SVLE O AR AR AFF .

_ ' : (F&F1970



%16 %
1 Bk K FT RN RBRIITH R 19

4 1w

AT T H 2T HRE BT RS9 B 7k K BT R Sh L7 KRB RGRVHRY B A B A Y
%, BERKSRITROGTE - TMERMIARE LR, REXEMRITHRNLRLE, M
ETHMRN BRI RARR LB ERAIRALBARR LK. B, RAEERELE LR, A
BT AREY BT RS0 T PR 4 K H A ShLE 7 R AT B VI AT ATH .

2 F X W

(1) Akman V et al. A Fundamental and Theoretical Framework for an Intelligent CAD System. CAD, 1990,
22 (6)

(23 EnH¥%. BEASEAVRT . el BB L HRM, 198411

(3]  Sriram D. Knowledge Based System Applications in Engineering Design: Research at MIT. Al Maga-
zine, FALL, 1989

M) JFTEsE, KFKRE . BEXERSHILEERARIT . L= B RiE, 1988, 10

053 HEsE, ER. U . KERSNVIME NRERAIRIT . #EHEEAR, 1993 (3

LGP PP LD P~~~ LD~~~ L~~~ ~LP P~ I~~~ T~~~

(L3g % 86 T1)
4 BRI AERS [E]

WML S SRR, WRIIHSENEREER. |, I WIS RER
& LYEeT, ASERN 211kg/s, SKEERE 0. 1013MPa [E /14 7829%ke B4R, &S EALIR
5, WSS E KA T TAE, G458 NIEE 0. 2026MPa EHEHES ., NEERBRES
AYRNTFHEER TSI RRERASINBSIERRIEE S . M ASBEERAHT
iR W A S & SRR, SRR U A8 S JE /1 0. 6078MPa, JRE[I SRR 2085 M
WABFIEIL A 3min., 3@ — R0 H AR BER Sh L@ S BERLR R BFIE] (L% B IE K i i K BR
1EBF[E]D 4 20min A4

5 % i

() KFARE. HSV RS, SHMEMHSIHE. BUKk, RS REERR, THREEE
SRBAINRRWEIEE, TEERSSHESR, I KRB RIS 13km 1
&3] 25km),

2) MAHFREEDR&MREBHEA, 2l TR EZHIN KRS SHEDIRR. #l
AR RKRE S ERK (@)D REEZEMR A=21km, Ma=2.3 I FERKRITH,

Q) HmARESZHES, MRS HIEIBRK, KN T ERRA KL S8
RAEY (U 3min 2247, MERG B ESHEMBEAR REEKE; WITREN BT ENRTES .

& £ X W

) R¥E, H-8 FURRWILDNZHEDRABHR. AR, 1993

(23 FFEER CKHIFWHNEBRBEAR (BREREXABNV-D. 5. FHRHEMRT, 1990

3 EM AW, BAA RS, 0L, MER%FE AAMERIIRR. 5. BB TR, 1959
43 BRE. RERERBANRESG. EIMUEER, RHPIEE 175, 1973



