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ABSTRACT: Objective To establish a thermal-load calculation model applied in large climatic test laboratory, the calculation
result will help the design of cooling system. Methods First, every potential thermal source was analyzed. Then thermal calcula-
tion method and simulation module for thermal source was founded in Simulink. At last a thermal-load simulation models of
cooling capacity dominant was set up and applied in the thermal calculation of chamber cooling process. Results The thermal
load calculation models is time efficiency for thermal calculation of large climatic test laboratory and convenient in modules
update. Thermal load of large climatic test laboratory during cooling down is larger than 3500 kW, thermal load of the floor is
more than 50% of the total thermal load. Conclusion The calculation result will help the design of air-condition system and
cooling system, and the optimization of control strategy.

KEY WORDS: large climatic test laboratory; thermal load; state-space; Simulink

INFSBH: 2016-09-28; BiTEHHE: 2016-09-29

Received: 2016-09-28; Revised: 2016-09-29

BEENE: PEMZLWEDNTRAOFES (2013F62302)

Fund: Technology Innovation Fund of Aviation Industry Corporation of China(2013F62302)

EE®M: BR8%F (1989—), 55, ZHEMA, ML, TN, TZHROBA W SEMRIHIR A

Biography: MA Jian-jun(1989—), Male, from Fuyang, Anhui, Master, Engineer, Research focus: aircraft climatic environmental test tech—
nology.



- 116 - o TR

2016 4F 10

I fige PR S 6 2 S DL RAL R L Al R 7
RGN G2, TR 2 AL CHL e H A 2% £ 7F
Hi T A7 P E AN L R TR HR L FRN
W% R . R, BESSE BRI,
TRIL B i T B 15 % Ko 3k S S AR BRI S B, A
TRHLAE KRR 25 PR BEIE B PRI S . K
SRS = AR A AR G . R4
PRGN & S, Yo T80 = R E 5 bR &
SCEL . RGBS TRAS, PR v A
AT AR R RIS AR IR S A 2 ]
Bk, g5iE 2y . ORI L, 2 RSB
23R B M AR A R i AR R A T I A AT TR
W AR KR 2, RIL T R4 T A B A R A5 B0 07 far 1
B I T A BR2E ) AR 4k
N PERE 5 CFD i Bl A SR i K
RS2 EEDT L TiF 2 A B R, 15
fapfd, W#E Simulink HPRHE S EBRY 15 E 5 0E
WA R IV BT R, JE AT SRR SR s A, X
KIEVS A S 28, w sy SRS A W)k, I
BkA CFD {5 B #A S far 1155 . FIFH CFD i &
TRERSH, NESALUN B2l Lok & im
FIR 6T 3T 2R O 7 R R A A R A 23 T
M5 A S BT S A5 B, 80 AR 00 i SR
g, LA R4

1 KRESERINGLEEHREN

AN %N P vh s 2548, A2 N N4
S, NENMAEE, WE 1R, HARER
#id 10° m’ FRBEE M K KAEM I 200 mm &
1) 58 JE I A TR AR P v i, T 25 A8 B3R 40k
= JZ: 300 mm finsRIEEE L . 300 mm HIEPEES . 300
mm SRR EE

B R =
Fig.1 Large climatic environmental test laboratory

S 5 R RS A i 7 KU A R 4
7oA Ve i I A R R G ik B A AL R 4
XF 25 AT A o 258 AL IR R G AL HE BT R GE R
WA, W 2 s, Hd KR Gk 248
N b 2 -25 C, ARG EATEARNRE S EN
[ XIR A IF i — 2D BRI, SC 305 N A A R B0 e e
TR KA G 2 R BR 5 o I, el
DAMHRGE . HIS RS B RGN IZ A
A E N BT ASEL
R
N AF
% | ol

<
B B

2

4
=
=7
=
i

N -

N bedees

HX-01B-3
AN
O
o T

{%
o
1
1 1
>

HX-01B-1

l\t
e

R G

/
il I

HX-01A-1
HX-01A-2!
HX-01A-3
Ny
N

/

BRI BV e

K2 =SAERS
Fig.2 Air handling system

2 BuALEHERE

R P 5 S92 6 2 14 AR 00 Ao 3 BRI 0 &
Wz PRI SR . TREBE LI Z A . TR
NERENEEH . IRITAT | PR AL KRS T
IF 2R 24, eI Sl R R, A
R, TS A S E I Y AR TR

2.1 ERNTHREEMH

N SIRE AR S R R 254 | H
T 25 46 A6 1 3 AR A 1 B R DR R e 45 L AR 4
77 AR g S ke R R S PN S AR (AR A o [R] B
B IR GE R S AS W7 b b 7087 KDL FE S0 30 % K T
TERABTZIE N2 R HAFE, 253
fefiest (1) 5.

d7,  RT,

dt_gn%fg_@ (1

K. T, SEE, K O HHIBE, W; g
KPR . M 2SR A IR, W 1, R
ENFREHARL, m’,




£13% 5

Tt AR s R TIR A2 )7k B0 R B g B 52 30 = A 671 Ay {7 ELASE A <117 -

2.2 frimBEIFEHXTRER

PR PR3P 45 4 T2 20 SR A e oM, o P T
Srin )z, AP 3 R

n+l

N
w
=

9, 5,

K3 PR
Fig.3 Layering of insulation panel
Wn+1 A R AR A i, ST k1 4EIRES R
B, 2SR R AR R, R AL O R
SO AN

L 8hon @) Ih

27 1
Leseyd izt L1
27 dt R R,

T T _,-T T -T
l(cn71+cn)d_”= n—1 n n n+l
2 & R, R,

1 le Tn_T;z
Ecn d;l == “—hy(T,.,~T,)

P o WA, c=0picyis 6 WAL
55 1 ZRIRE, m; p NFE, ke/m’; oy
FEE, J(kgK); RARFH, R=Ad;; A T
A, WImK); T, hy 2050 NIRE R L
SR AL, K, W/(m>K); Ty, hy 2851240
TR E K X B R S, K, W/(m>K).

Bl (2) W5

T=AT+B,u, 3)
Horp Ay & (nt D)< (n+ D) 2R B
| 2 hR+1 2 0 ]
¢ R R,
2 1 2 R +R, 2 1
¢ +c, E - c+c, RR, ¢ +c, R_2
A, = : s :
2 1 2 R _+R, 2 1
Cyte, Ry ¢ +c¢, R_R, ¢, +c, R_n
0 2 2 h R, +1
L Can Cy Rn a

Q)

T
2h, 0O --- 0 0
B=| © 5)
=
0 0 .. o
cn
uy 4 231 4R A ) a5t .
u=[1, ,]' (©)
PRIBAR 7] 25 AR 3B W IR far R
q,=—ah, (T, -T}) (7

X o PR R

¥ (7) Bl FIE:

Y=CT+Du (8)

K. Y[q], C=[ah, 0--0], D=
[-ah, 0],

3 (3) Ak (8) FLRIA A T PR IEAR R A 2
(I U4 S X O A8 A 2R BT 3 g A AR S BT T
S, CFD 4347 3545 o

2.3 MEESHINRER

[] SR B NG PRI AR — MM 454 53 2, anfEl
4 iR, FIRREEE D w2, PRI K
k2, RZRE L n )2 o BU(wrk+n+1) 4 IR
FEAE R IR 1, AR5 [ 44 T AR o0 T i A 57 b THT
ER RS T R

T, h
° Tl
-~
2
L s Rt
Tw+l
C Tw+2 s,
L, : LIRS
- Tw+k+l
* Tw+k+2 .
L, L
* Tw+k+n
P ol

T wtktnt1

B4 Humgsi o)z
Fig.4 Layering of floor structure

5 PRIRARAS [F) 02 , TSR TR BE T 2 4
Hy, AT E XS, AT LA HR B R AR R, Y
s Cwrk+n+ )i TN -

1 .

S Curtan g =0 )

Mo T 1] 25 A% 3 ) A A



- 118 - ¥ &

2016 4F 10 A

4, ==a,h, (T, =T) (10)

Krf: ap TS5 H A TR

e A by T 25 () A RS 23 1R

{T=A2T+Bzu2 an
Y=C,T+D,u,

H T R (wtk+n+1) 250 [ 5 -

T:[Tl T - Tw+k+n+l]T (12)

Ay K (wHktn+ D) x(wHktnt D 4E 55 BE , B, M
(wHktn+1)x1 B, Cy A (w+k+n+1)x1 4E5E 5,
D> R (wHk+n+1)x1 45615, Y=q3.

2.4 FRIXBE BN

PR R, 23 SR A/ N S BUE B AL
i, @ ESMRB A, BRI . IR R
LEANW A LR S AN SRR, AERrE N AREFIE R
ORI — £ R GE T , B KR S LA o i
Bt i, AR AR EE 25 CHHTRE ARG ER KU
B, SRSTENE IR AL FRHLZE P i — 20 L. B LY
AR (13) T8
mge, (t,—t), 1,<-25C
32%% t,>-25C
A o WEREAZSTRE,
Z, C.

2.5 fEIAXHMITI =

TG WL 25 S AR A

q,=PV (14)

K. PRRWLAE, Pas V B2 SR, m'/s,

EARPRET, SNEEAR, KL 42
=L (15) BIE.
B 213+ {1s)

101 325 273+¢

X Py bR TOUE KAL), Pa; B MY
WRSETT, Pa; 1o I TAERE, C; ¢+ AT
EZ <R, C.

(13)
Cs tr AN

70

2.6 HREAKT=#H
LY A NI BB KT AR g
2.7 WERH LR AR
PN TRAN S AL D S A TR Y AR I 2R, g 4

b PSSO 2 b, AR R TR, R T ik
H R R E T8, AR RN myee »
Form g Nz U

dT,

96 = mstcclcp,stccl d_ta ( 1 6)

2.8 {HHEERERE

TE MATLAB H 4 5 J- 1158 O 1 A A M 1 2544
RS2 ) ZBOERE, 76 Simulink!™'r, ARIEE 5
PRI RGRI, 15 @AMy BB, R
56 WU A S B0R 3 1 1Y S8 g == A T O
FERL, PEAb I R AR A —

Thlhy A0, o
R ] '
T iy, |

Z3 [
Mg, |
Pt |

g,
A farg -

K5 HBi— G ASBO SV PSR 7 FR R
Fig.5 Model 1: Thermal load calculation model with cool-
ing capacity as input
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Fig.6 Model 1: Thermal load of different module
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