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Simulation analysis of air conditioning system of civil aircraft

WU Cheng-yun, WANG Guang-wen,
LI Ge-ping, XIN Xu-dong
(Shanghai Aircraft Design Research Institute,
Commercial Aircraft Corporation of China Limited, Shanghai 201210, China)

Abstract: The mathematic models of civil aircraft air conditioning system (ACS) main
components were built, and corresponding simulation modules, together with cabin/cockpit
heat load module etc were developed on the Matlab/Simulink platform. By applying the built
component modules, the ACS simulation model was established. The flight test instrumen-
tation was installed on domestic civil commercial aircraft ACS and the test was conducted.
By comparison with the test data, it is found that the error of the simulation results is within
29%. This shows that high accuracy of the simulation module and valid simulation methods
have been achieved. It is of great value in civil aircraft ACS design, optimization and airwor-

thiness compliance/verification.

Key words: simulation analysis; simulation model; air conditioning system;

civil aircraft; test verification

G 5 5 HAAR Tz BT

Vol. 30 No. 9
Sep. 2015

B85 05 HALARWIE . B 1L SR RG] L 46 J 0

U AR TS R SR A3 BT 2 K B A A
T R 2 B R AR N TR S BT O Rk
TR PN B Bl /IR, Y B R P A AT
v R0 FLHR R 45 EOR AR . 3. R RALAT
] 2R BB 2 o) 3 - A R S AR O AR
R RES) A B TR R R R A AL

2V R GU07 B AR CHL R GE 07 B H
FT7 1) 22— TRAL ) 3 e AT A A s e R S

%5 B #9 : 2014-10-20
EE&WB ;{5 & AL R BT (2012CB720100)

JELIO L B8 5 A8 VR AR FH 503 B B A AR L e 8
T el 80 AR H & T H T EHLIF 5 R BIA
FEAE AT EASY BN 2007 4R I 2 A
A [ WUAR R 24 00 8l T 345 R 58 T e A A
(FLECS) Wi H ., B 78 g 37 R WL 2 R 48 i A 3 1
B2 ity / M CT SCTRTAR JBE AR SATAL , FF S04
KA RHLA I RGE MRS . BAr. 2% €l
FEA KT, F AT AL R A T R GBI TE,

TEB BN 2z (1984—) . B iU M e A TR0 A+, 32 20 CHLER S R G 40 5 3t



2074 fit =

9530 %

ARSI 28 Ge 1 e e 18 A AU 3 [ g A RO AT A
D7 AR 3L T X AL S P R G AR AT W
G5 LA RS 96 R Ge kil

T K 32 SCHR AT UL, Andrade 4§ 5 ELBF 5
TR I R G A RS AL BE S RAT SR
JRE i e JBE e A kB R T A e I 2 KR AT R
HIZ M & Conceicao SR & T 2 ARG fa s
D7 EAERY L LB [R) 22 e b 10 34 T e A 19 8 ke
I3 A CT-S) & 52 B &R G 38 ) s BOIR 25 A9 m]
AL BT Miiller S 52 B EMETF L T T X
FEeHLa AR G T M sh S 05 AR ES 1k
5 LA 58 0 A o B T S0KG 2 A7 41 A

Fe [ T A 22 ) 3% A0 T ff B 45 R e 47 FL AT
FE A TF R R SCHR AT UL, A7 BB AR PERT S L &
G2 R A5 R T R 0 25 R O LB S L
Be Z Gy il iy EAF 5 AR ST B AR AR/ B e
BN RHL R GE MR S R RAL S I AR G
F/ RGMBIA 25 57, HIT R BT/ 22 48 iR 5 B ik
LA VL& T LA il 2o A b 8 TR A Rz .

ASCHEST T 2 RGO K R SRR
PEAT R GRS BT B A RS 7 R AL
PR GE B T I A AT R I R
T 25 R 5 7 BT SR 22 BEAT 1 0 A 9 X A R ik
Fr 7L A T AT AR A O R B
Jei B2 I J BRI R AN I T A 4 7 S

1 ZTERFERAITESN

H A7 A% B RMLZS 0 3R e 4 K 4ok LR
LG, th 2 V8 R G AL BA R R R R R
B A A IR 25 ofe DI I DA K% JRE Y iR R
P e AL 2 is 8 AT PR A DRI Y 2 2
ZHEM ARG AT UT T RS 7 &6
(FCS) il M EZE ARG (RAS . ZE RS
P& #F (distributuion and recirculation system) .
Bl VARG (TAS) KL Tl R G (AVS). KR H
CHEHAZE TR ERILE 1 R KBRS
S (bleed air) il i% 2 25 I R 48 CIRE (FSV) K
TG T (FCV) , 5C B & M M 5 il 5 78
il 4L P (PACK) AT B L B TR A0 3 FE TR &
i N CMIXO) , il ¥ 44 100 25 505 P96 24 A B
(RFAN) % SR G5 2 G0 45 il i A 408 0 5 4% 1 1)
2l e M AP 2 RO 1T (B 4§ HACKV )
TAVBEARFRZEES. BETFES5RE KN
M2 SIRA G - ik 20728 1o K &M atm i 4% A
FE K JHNY, Hoh RAV R ob JE 28 5% 1
LPGC N & H 1 £ 3k L BCKV Sk BK i AE B i) 75
7 .RCEF Jy i 3 %% . HACKV Jy #4258 /5 B (i) 3%
T.SOV R KWl 7], RGN 2 A B ) o 72
T-S B 2 s, Ko, B R, Sl
25 A A A B

ﬁhkg@:ﬂi

= Hot air

== Cold air

— Cabin air
mm— Recirculation
—— Ambient air
—= Flow direction

SOV

Cargo
compartments

S He

RFAN RCEF

Distribution and
recirculation system

TAS ( : :
, AVS ]
Pressurised area ~

Fig. 1

ACS schematic graph



R R R R G H 2075

4 p, SNRIAETT: p, ZeshHLESUE s
p, BRI SR Ay p, 0% S LH 11
p, P ARERFRA  1
py FESHLHE TR J3: p, HESCHLEL T
p, WA AR 1T 1)

p, ARG T )
p, REES NI CRT |
P RO BRI T s \
p, AR L TV \
p,, SEEHETT R

p,, BEIREE L O )

Py ERIREE TR
P VREERRA P TR T
Py G T
P, J9 i FE
s PR Y SRR fb i

hy

1 SRS 2 B sh WL 3 R a4 O dRlt 11: 5 TR R 1 11 6 Wit ARt it 1
T WG AR L 11 8 HSOHLEE T 9 FEACHLLL 11 10 Wit SR Gl i 11
T RN 11 12 [ ARG HE 1 13 (el AR S 1T 14 05 BESRAALIE 1,
15 VS BEARIAALL 1 16 ARAFEGARIE 112 17 [l R GRS E T 18 [ul R L 1 19 ARk,
20 eI T 21 YR BEARS T 22 R EEAR A L 1 23 IR IEE O 24 SRR G 1T

Kl 2 MRFEEKZMI)LR TS E
Fig. 2 T-S graph of ACS thermodynamic process

2 FE#&EE

2.1 XATHRERESHITHEEE

AT EDIRE S B A TR CHL AT R
BE R BE R )L R R T B it R A
ASHRAE Fr i 8 5 Br bR K SRR AT 1+ 55 38 55
T BE R SRR A K L IR R AR IR B
I 5 s v R AR X Ll e B i e AR AL KRR
JE /R 75 b o R B/ T T B AR AL e A —
ESOR(ENT R S R N W iR R IR GRS ' S B
0N JIT A b, 3 A 1 B R B T G AR
T A AL IE S5 o BIVA] TH 32 b X 12 ) 8] B AN )
TRAT B O IR IR )L AR SCAR R HL 3R K
B A A X A LI B e R T R AT, X
BERLEAT T 50 UE #0096 ) Bt i i3
2.2 HMEES#HSESR

75 R 28 G0 WL G o R g A5 400 9 4 3R B ik
LA IV 1 R AR A i 28 AL b R s RaE R
W R E 1R = (D ) g e

Trm = & Tamp [ (1 + 0. 2Ma*) — 1] + Top
(D
L+ punb
(2)
HAr o, o 4300 R R #E SR ER R B
IR ZH CHLI TR, AT ] = 4R i AR
B Ma i RAT B #5280 T 4% ram, amb 433y o
AR MRS AL
2.3 PEEfEEEREARE
JAE it A 2 Ay S AR 4 LT AAL Y B LA T O AR
FE AR SR BE L AR Y R AR AT T SR A ) L T g
SRR RS A W T D R B R R oKL T
JAE G R A S e R R R 2, IR T A R 0 B
JIRGESE ST =35 NE
A SCHEE ST Y AR R BT MATLAB fff 5
R 22 08T A5 R AR A K PH AR BT TR S
N AAHT BRI S AT R s L (L
55 VAR ) JoT e A B S e HG v, 5 R B A
KO AT, ok A S50 TH LAY SE 3R

pmm = o pamhl:(] +O- ZMa2)3.5 -



2076 W oz @

FH R T ML MR 2%, AR = B AN A
] %o KL AT I8 3t e B 5 k S T3 2 R A7
FERE KR 25 o A SCE 2o 3050 0 3 AR B A AR BH A
1T 2 IR 5 [ 28 AR o MIL-E-38453 pEAT352.
HL - A A A AR 0 AR 3 7 BB A A AL
2N B3 R fer 3 3 20 () RGO AT AL
Qs = k[Ti - Tskin] (€))
Ques = Npoo[188 — 4. 7(T, — 273)]  (4)
Quew = 2N [188 — 4. 7(T, — 273)]  (5)
Kb Q A&, T AR, To N €
PLSE KR s Quues N T AR AT, N 3 K 4L
i Quew A HLA A 51 AT, Noww A HLA A 5
I FH 25 78 56 B AL 8 3 3 K b 1T 4 AT
B TRl R A5 R SR R R B AR
AT 20 min J5 , 3EEA 5 100 e AR IR B B K
MHE 1K A,
2.4 ZEEMERNER
2 SAEAWALHE AL i Fe S XU L R e N
25 S T I K i o AR o A B R AL KU AR
DA R BE A S T FE.
JE 4 AL 25 S A oAb B G R T R Ak R 46 U
it B, AL 1R e =X (6) HEAT TR
e
To = Ta[1+ ; ] 6)
K Ty AL H IR B
FEAMIHFED) Po B0 (D #4715
Po= mc,(To, — Ts) =
mec, T —nihlz;x 1 7
Ko, WHEERAE. KAVEE 808 2 5
AWML e B o e A7 O, R ™ ) 3 R 4R
fit. kML L.
W DR T 4% T 5E
To = Te[1—n (1 —m "] €))
Wt T PO AT
P = mc,(T,— Ty =
myc, T (1 — 717 (9
K TRV DR E. WK~ R
W m, S o, AT IR R0 9 R
PEWFC I K b mo BB ol me JEATIE 5, BRI
T P L.
JRUBA IR B T 320 (10) #E AT 3R

(e=1)/k ___
T{O - Tﬁ[l +mT1:| (10)
i

Jo %30 %
W FEDD Pr XD AT
P = e, (Ty, — T) =
(e—D/k __
f)l[('l,Tﬁ 7'5{71 (11)

25 SAG WA Shad B op  AEFE B4R IR o
AL G R R A R R AR R DA
BT R AR G AR 5 A S I HLEE 3 n A,
25 SAE IR HLHE R B 4L, D5 B A R 3. i T8
SAEIRHLU I A, CAF7E 1 FE 4 40 e X AR At
G5 R SRS, (R I A BE 22
2.5 RIMAERIRES

25 ] 22 G 48 I A 5 XU H A (T G 4 3R
i SR G A AR T AR/ Ve BE i AT AR 2 N2 % BE
#)  #0 Ry s S 2 S A AR T 2 R i
PR Ay IR R SR e AR G R
THE AR PG TR E T

7]} o Thhi 7 Thho
hh T
Thhi - Thci

R e A8 V8 R BV 3 1
EThr

(12)

7][ o Thm 7 Th(‘i
he 7
Thhi - Thci

B/ S B R R R
45 5 MR Mason BF50 R X H #00
e IIL € RIS NGV T

e = ia STR, (R, (b
n=0

(13

My Cph
Tﬁm(‘ - 7'ﬂ\h .
M Cpe
R, (w) =1—¢€e" -
= K!
a = kckh/[(kc + kh)fﬂc Cpc:l
b= keky/[ Cke + k)i cp, ] QEY)

g e s ks ke A3 D BGRT EE V ST A L AR
A AR RS I AL IR B AR R B
PRHER BT EE BE. s e 3 31 R B0 25 AL TR R
BN R E R R, AR 4
2.6 SEER
SRR S0 S SR NI E A
SN O SRS RE. FE NS SN TS
14 FE 7 40 R AR 46 =X (15) A7 315

. ca 7£ — pO
oAp = Km*, O= 1oy M R, T, (15

J—V—EEP Do vTo s Qo ﬁ%’]ﬂﬂﬁ?ﬁﬁ%ﬁﬁ‘ﬁﬁﬁﬁ%
FE o MIE—RETEREE R, AEAH 0



%9

R R R R G H 20717

HARXS B s m P Th SR Ap NEE
SRR BR s K A ERR a S E AL

ZIHFEAEALRZ, FEL OSSN R
W Ty R A6) FATIHHHE

Ty = (Tyg — Texpl b/ Cmic) ]+ Tw) (16)
A Tus T J0 50 S A48 3E 025 S0 B | BE T O
BE s ki g ¢ 43 IR A PARE TR AR B AR B A AL

FEREEEE T. iHEWR .

Mc,,(dT,/dT) = ¢ + q an

Horr qq o g 23900 g 48 TE BE T 23 A o 10 48 B i
R o 02 Y e B M, ¢, 2 B O A TR
2.7 EITER

23 VA ZRGUTE 1D AL A5 AT I S A ol 0T Ol R A
9 1 3R TR HE B[] 3% 1], B SR S ] e,
Tt A R 3 DRI B A RO T R RSl A R
Jof T HE A [ 05 1 B AR s A ) T 1 2000 Ry B Al
W) R SR AR 1 3% 1) O AR AR O T3 R R
JE R TTIF B AT L R R R R (1)
F 7.

i
W = KA —&(0),
v Ty

B = (=]

g =L~ 0 528,
bi

ZK :|O.5
R, (k— 1)
¢ = Lo <. 528,

bi

( V25 0.5
™D = Miﬂ [Rg(ix—n]

Hr K oBiE e 28 5628 8A G %8
I o AR R R HE A s A TG TR T AL s s T
Sy R E T HE O 2 SR ) IR po AIETTH
RS R AR
2.8 HiER

FHAE ER A g A5 7Y 55 25 S B B XL B A 7 A
). 25 98 22 Ge A7 EL TG v i A SE AL A A 45 8 (AR
23 SR A B, % A Y AR 48 T A S 1E K RE B SF 1E
TR AR 1Y 28 A i SR
3 RZFERER

SRS RSN EIT AN CHAE T . 2R
PEAHLZS S i P 1T S I RS
2R RS A TR iR A R T S U R RHL
THAED 1 VE L.

(18

3.1 EEEFRGREEEHFENEEEZSRE
DL e A I AR I B R R AR A A
J& 53 = R A, — R A R A R
PEIRHL, A7 I B B TR R T iR 2 R — b e s
R E AT RERERET], SRl 0 R s <R
B SCE IR HTTRL R 5 A =l T R
G5 38 205 %25 B it R 7 L SR 2 5 e AN A LB 1
Sy A
311 FlFaE R
2 /A BE T 25 R 40 ) N 2 e R S R
53 T A8 I S 3R A DX TR 8 Al S s o AR A A
T PR 9 ) SR W ¥ AL S IR R R IR 2
ST B R A A AR B VP 2 v R A Y R SR R
K B 30 2o PSP 25 A5 B0 2% I A R A 1Y
AR BE T SR 1 4, 2572 B e AR SR BE T SR AR T
B HE SR BE T R L R GOR Y A B A R
JRE s o) G ) A O B T R S B
AT IE T B2 SR IE 1T IF . 5 A —
SE e R AC T A5, DA R AR ISR R oK i
T 2 e ST R TR L e R R R R L
AT SRR R A B A S ARORLEE L B AT
AT R AC T 2 R A
3.1.2 TREEEHIE T s SAE L
RGCRESHOT A B, e B e S
AR A (R 2 SAE PR ML ) o AR 3 2 o R &
[T R Wi L e = B IR U 2 o R W S Rk
. AR AR A A B A AR | 4 R R A P
SR VY BEA R RO A T /3 SOR A
R A R R ) R AR e R R
W BE T s 3 ) A A AR TR | LA Y Yk )
ATy R INE A I O e 10 I R
R DR VI N ST N - Rt
T. &R OERE T, 5REeH O KEE
T30, WM B 1) 0 9 4 #4258 38 it Bl &R 456
S A WA DR E T 5w 0wk
W TR —30, W p R MR, 02
PE RT3 45 20 Bk 0 3 . AR 48 0w G
-2 S LA S B AL I AT Ok B R R A
ANEEES
3.2 RRWHIERE. ESHEEINNTE
23 SAG I HLIG ST R o R W R A R
TG IRAILIE B n, JTAR B8 08 F0 A AL | XU 55 78 0 <
HLAEHY Z3 S5 5540 7 A 3 5 i B 2 Py XU T R



2078 W oz @

VAN N 5 30 %

U P JESMUIHAEY) P, DL e 23 SU0E 3 HILEE 48 401
Koe TEHE—FEHE n T, 27 i 50 5 T 5 KU L R
AL FE Ty AR A0 G T P i, B Po= P+
Pot e, WIFE T n BRI 20K ZS R 28 56 S L 55 B
LS
3.3 FEHESER K

HRAE 1R AL T V6 0 B & HL s I8 R 4 T v
RTBAHFTO BT R R S BN RGN
iR 7 05 BT 45 SR e DL 3 BT R TR 5
SEAL LT ULE 4 FrR s Ho B AR bR RN R G
R AALE BRG] WL 2 FR.

230
e A-‘ - o
g 190k, =+
% -
L)
5 150F
@
E 1ok = AfH
- (R (7
?0 L 1 1 1 1 1
6 12 9 15 18 21
Position

Kl 3 ARSCE S B B R 07 B A5 R LY
Fig. 3 Pressure simulation result comparison with

supplier simulation result

X E S RORAE CRAT S 6100 m, AT
BN 158m/s, EE 2 HHR A 248 K) F 1Y %8
R IATOT B BRI W AR S B A
5 R AR B S 25 X L WL R 1 PR LX)
SERRW] R A OS5 57 i RG4S 80T
TARZEAE 200 LA IR ZER /N X 15 25 T R G A
R T 23850 56 UE 9 A2 R B AR far A5 Y L DA R
WS T 3000 58 2 0 A e M = 80, O 3k R 14 i
5 25 SRR A O LR R AT T 50 0E K A Ak

500
450 --a-- AL L
—— LR 2L

400
350
300
250
200f
150 F
oob——e v
6

Temperature/K

Position

B4 A SCIR B 1 205 R i 0 EL45 SR XTI
Fig. 4 Temperature simulation result comparison with

supplier simulation result

F1 AXHFESRETLE

Table 1 Simulation result comparison with test result

—_— AR/ EANHED ESHLHEDO ESILE O KSER BEREO RSB O BN KK
o (kg/s) LI /K WEE/K  JEJi/kPa HEITREE/K /K WL /K T /K
EEIE  273.453 570. 15 604, 75 218.8491 570. 65 588. 05 577.25 588. 65
W EE 273,452 571. 35 606. 05 219. 4738 573.45 589. 05 582. 05 589. 15

R 0. 001 1.2 1.3 0.6247 2.8 1 1.8 0.5
. els[R]. AIAA-2012-0877,2012.
4 #& 8 (3] Bie . HLAR A 10 T 45 R G 1L %
= B R IR LB 0 A A5 B ST RO Ak T

AR SCHR Y T T R ML A R G A
ARG HBITE R AA T LGB0 5L RS
I A5 R W) G B, e SR B R S
FURETY DL 7 1 4 BRAT 0. R T AR Y A ]
PR GENERE D BT L R GO BT BOE AT A PR g
E L AT BEAT 7 T RO RL S 8 AR G 7 AL
LY EST e

e &

1] o, faf S, ®AT
KR R . 1989,
[ 2] Carlsson M, Andersson H, Gavel H. Methodology for de-

2 SO EM. Je st b5t 25 At

velopment and validation of multipurpose simulation mod-

(07 Wiz 3h J1 2 4. 2011, 26 (4) :848-853.

MING Zhangpeng, DONG Sujun, WANG Jun. Study on
the feasibility and structural optimization of heat-pipe on
abroad[J]. Journal of Aerospace Power,2011,26(4);848-
853. (in Chinese)

[4] FRA. CHIHERZS IR IER RGO EOF 5[] ok
il ,2009,16(9) :93-96.

LI Junjie. Simulation study on aircraft high pressure air re-
frigeration cycle[ J]. Electronics Optics and Control, 2009,
16(9) :93-96. (in Chinese)

[5] Scholz D, Miiller C, Giese T, et al. FLECS: functional li-
brary of the environmental control system—a simulation
tool for the support of industrial process[ R]. Hamburg,
Germany: st International Workshop on Aircraft System

Technologies,2007.



%9

R R R R G H

2079

[6]

(7]

[10]

[11]

[12]

Andrade C,Zaparoli E,Janior J. Numerical analysis of typ-
ical aircraft air conditioning air cycle machines[R]. Gra-
mado, Brazil: 20th International Congress of Mechanical
Engineering,2009.

Conceicao S T, Zaparoli E L, Turcio W H L. Thermody-
namic study of aircraft air conditioning air cycle machine:
3-wheel X 4-wheel[ C] // Proceedings Paper of SAE Brazil-
ian Congress, Society of Automotive Engineers. Brazil:
SAE,2008:1-12.

Miiller C,Scholz D, Giese T. Dynamic simulation of inno-
vative aircraft air conditioning[ R]. The 1st CEAS Europe-
an Air and Space Conference CEAS-2007-466,2007.
XUTEIR. o R BR K R 45 1 R 5 sh SR ML D ], db st
b BT 23 i R K2, 1995.

LIU Bogiang. Dynamic performance of aircraft bootstrap-
cycle environmental control system with high pressure wa-
ter separator[ D]. Beijing: Beijing University of Aeronau-
tics and Astronautics,1995. (in Chinese)

BT 4. e R R K R 45 1 R e 09 O LR A 5 LD, b
A AL S AR KA. 1999.

ZHAO Jingquan. Dynamic simulation and control investi-
gation of aircraft bootstrap cycle environmental control
system with high pressure water separator[ D], Beijing:
Beijing University of Aeronautics and Astronautics, 1999.
(in Chinese)

HE Jun, ZHAO Jinquan. Dynamic simulation of the air-
craft environmental control system[]J]. Chinese Journal of
Aeronautics,2001,14(3):129-133.

JEB MREE. R AR R = R 1] mE
2F 4% ,2011,32(1) :49-57.

TU Yi, LIN Guiping. Simulation of large-scale cabin tem-

perature control system[]]. Acta Aeronautica et Astro-

[13]

[14]

[15]

[16]

[17]

[18]

nautica Sinica,2011,32(1):49-57. (in Chinese)

TKIE W  HEE. ZRTHER SRR R SR S 80k
PEREVFSELT . i 30 01541, 2010, 25(9) : 1938-1941.
ZHANG Xingjuan, LI Feng, YANG Chunxin. Calcultion
method for matching enthalpy parameter of three wheel-
bootstrap high pressure water separated system[ ] ]. Journal
of Aerospace Power,2010,25(9):1938-1941. (in Chinese)
HE Jun, ZHAO Jingquan, SUN Wei. Dynamic simulation
of bootstrap aircycle refrigeration components for aircraft
environmental control system[]]. Journal of System Simu-
lation,2004,16(4) . 727-729.

SRR, L AR RS PR AT 1T AF ST (D] B A B
L2 LR K2 . 2010.

XIA Lulu. Aircraft cabin transient heat load calculation
and research[ D]. Nanjing: Nanjing University of Aeronau-
tics and Astronautics,2010. (in Chinese)

WRERE DR, 2R A FER GBI Rk E LS
PRI, fuas 3 J1 44, 2013, 28(3) : 714-719.

CHEN Weiwei, SU Xianghui. More power selection and e-
conomic analysis of more electric environmental control
system[ ] ]. Journal of Aerospace Power,2013,28(3);714-
719. (in Chinese)

SRERE A A L 22 R T8 A S R A A R A =
nl1]. s sh J274,2004,19(4) : 530-535.
ZHANG Lina, YANG Chunxin, WANG Anliang. Opti-
mum design of plate fin heat exchanger with genetic algo-
rithm[ ] ]. Journal of Aerospace Power,2004,19(4);530-
535. (in Chinese)

Mason J L. Heat transfer in cross-flow[ C] // Proceedings
2nd US National Congress of Applied Mechanics. New
Yrok: ASME,1955:801-803.

(¥t )



