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The Design of Overloaded Transient Thermal Testing Apparatusto
Simulate Re-entry Heating and Testing Techniques

WU Song, HU Yu-peng, LI Chong, LU Jia-fu, LU Liang, ZHANG Shuai, CHEN Jun, OU Feng

(Institute of Systems Engineering, CAEP, Mianyang 621999, China)

ABSTRACT: To simulate transient thermal environment during aerocraft reentry, research on the transient heating device under
centrifugal and overload condition for some representative samples is conducted. Given quartz lamps are non-durable, fragile
and easily broken when used under overload condition, this study proposes structural strengthening, manufacturing techniques
improvement and the changing of the clamping method. A transient thermal test using a transient heating device developed by
our own group is conducted on a representative sample under overload condition, accomplishing the goal of raising the highest
temperature to 600 C and the workload to 80g. The aerocraft’s ground thermal testing under centrifugal condition can be done

by this device and test method.

R EH: 2021-02-04; fEITHE: 2021-02-06

Received: 2021-02-04; Revised: 2021-02-06

E£TH: BHATAFALAAE (JSHS2015212C001 ); BR & XA A4 (51706213)

Fund: Supported by the Technology Basic Research Program Funded by State Administration of Science, Technology and Industry for National
Defense (JSHS2015212C001); National Natural Science Foundation of China (51706213)

EE®N: XA (1986—), B, Mit, TRF, TZMLFTaARER TP EETL I,

Biography: WU Song (1986—), Male, Master, Engineer, Research focus: weapon thermal safety and equipment environmental engineering.
BIEE: H1FM (1987—), B, H+, SBRIAENT, T2 T OARBRAELEPEETRE I,

Corresponding author: HU Yu-peng (1987—), Male, Doctor, Senior engineer, Research focus: weapon thermal safety and equipment envi-
ronmental engineering.

BB ZAa, WFEM, Fab, F. EEBISHBIRAFEA B LT ARBR[)]. KE&RB T4, 2021, 18(3): 101-106.

WU Song, HU Yu-peng, LI Chong, et al. The des1gn of overloaded transient thermal testing apparatus to simulate re-entry heating and testing techniques
[J]. Equipment environmental engineering, 2021, 18(3): 101-106.



+ 102 -

2021 43 A

KEY WORDS: quartz lamp; thermal environment under centrifugal condition; overload; environment test

TRATE DR . WS AR L m LSRR A KA T A
LA HE A G A E RN R X, Bk 21
T2 LISt B4 32 B2 R K A g i U, bl
F AT CATEEEBOHE M RIS , A shiis|
A 14 T RN 45 7 A R e i O 2 TR AT b
AT, BEARE SR TR RIR, AT AR A
e PR e A4 410 26 T g S S8 i T 38 3 I AR 2 | a3 e
PRI . B E B SR A R e —
FRINUAFIFZmT A0 1) SR AR s A
TFIR R TR, SEa R REAE I FIE; 2)
PR AR S TE AL K IR EBE B, 7= A A B, 1 5
F13E A BT A O HUBR S, ST A B N, B A W R
R, 1 RAE A R R e AR R R 3) IR . PN
FIRMUBER L RIVE R, 5 AR KA,
BN HASIME , iR SUESSFRIEE T R, 2 m HAk
ki RErE, LM N RMILFEIERT, SFRL A
AR, e AP AR BRI fE R
ARG, BIRTIE S sh IRkl s 4) ®ATde
B A SZ SRR, ARSI SR
HUBEIE & sh i, HZEPLER 2N S8 ITH; 5)
(T ) AL AR B A5 15 B 1Y T AR5 I — it
AR 50 C, MR Z B e, i
BERE 2RI TS, B SR PR R, 1 e
PEREBALE R, AR fER ) E R

FEE 20 st @ s —RIHT T BES
ERPIN RIS A, 20 a0 R ST T el
it 30 MW/m® RIS A o A T A TR K AT
i S A AR S A R IR R BT T R S5 R IR R, it
PR RS2 AT DLk 3] 2 m'Y Al RO ZS )R .
P EE S ERYEA OB AN S . BT
FARBBUR P, I 0L M E 8 -2 O 56 1 317
TS P b R B S R B A T ST v T
GARIR B, (HiRm iR HE] 500 CRO,

SCHA R T R AR RS E RPN R S
0E T e 2R v i A S AT S e Bk
A g0 . JCH RS R B 1T 55 600 °C, 1IR3z
K 80 g BU M A BEAT RO, R T RS
PN BB RE T

1 SEEEMEE LI

BN 2 R AT R A X s Bl kR
ARSI X R AL A, LAAZ S AR S A7 08 T By
TRE LIS, AR M P B B AT A D), B
WEFELE R REE IS A HG A, nT LSS B 45 4
R HIIGE, AL PIE Z A RO R

AT AR B B TR A O B

NN RS E = B o P i o) O] D B =B W
ER PR | RSP AT (IR Sh . BES
AL ) B4R, Bt s R, 8 B
WHOHT  BUET B AR, S TS IR 4t
WE PR . ZRGA AT E NRUTE BT, B
ik 20 kW, TPRERE N 29 W/mm,

b BRI S

K1 iR 5
Fig.1 transient heating system: a) flat heating system;
b) cone heating system
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Fig.2 Serious deformation of quartz lamp filament caused by
an overload of 809 in the axial direction
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Fig.3 The breakup of quartz lamp filament caused by an
overload of 809 in axial direction
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Fig.4 The quartz lamp that meets the requirements of a cen-
trifugal condition
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Fig.5 Internal structure of transient heating and overload
testing device



- 104 - e

2021 43 A

1A XTI TEAR B 1k 1T 5 2-47 BEAT I SOR PR 1k 1

K6 -2 0B i e 2k et
Fig.6 The design of seam allowance of heating and overload
testing device
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Fig.7 The synchronous control system of transient heating and overload
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Fig.9 a) The quartz lamps that work noramlly on the centri-
fuge; b) the quartz lamp subject to an load of 80g
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Fig.10 The curve of temperature under centrifugal condition

with an overload of 80g
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