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N, (t,)=N,(t,/1)° (0 <t,<t¢,),

N.(1)=N, (i, >0).

SRIGH(31) BYEE — RS 2 IR A (29) FI(28) , #1430 BT OC T8 & ¢, il ¢,

%) Laplace 7846, 344 =X (20) £k HY U”(T> FUAH I 1) Uhl(ﬂ PAR K (25) 3Rk U%(T) (A
A FIEA TR RSB TAR S A2 SRR T(1,) M T(1,) fY Laplace A8 HR1R pRL, B
T(1,) M T(zs) {19 Laplace 2544 T(r,) R T(r.) X« Fll 7 B R /M90S 1, T X0,
T(7,) 1 T(r,) R RECH P T EE, T(7,) H

=X

(31)

75"(7" ) = N, _ Rid’w’s .\ 6N, (32)
Yor Al grA(r,)  nriA(r)]
A
2
A(r)=(C.m, +Cm )7, + C s + 01'4 (2-v8 -v,5) +
2wRHh, (1 - v8?) — 2mRHh, 2 (Ot 1
° ) ST, + 9N,

h wR* & >
|: 1.4 TOZ; (Fy + F,,) +27RHh T, ; Fsil:l -

PR + - .
T, + 9 m N, T, t 191,771)1' Ny

h, wR* & Sh, 1 Sh, 1
1.4 ~

W TREIETNE, T(r.) K
T(T_) :7“’ (33)
X A(r) H532) iy A(r,) RXEXME, AgAZE DR, -7,

B(r.)=N;+ Ny - ?Rfazwzs = Cs(T, = Ty) -

hm'rrR2 2 2
Ty (28— w8 + 2mRHA (1 -v8) |(T, = T)) +
h TrRZ £ -
01 4 Ty z (U,, +U,,) +2wRHh T, Z Ug +
i=1 !

howR = ( F, F,
) P

T, + 3 771; T, + Iy,

2wRH_T, {2 ] T -T,) -
S 7]51/
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h R sz U, 19 LU, = I nU,
T, z [ in b Mhi hsz _ ZﬁRHhCQTO(Z T Yn J

i=1\T, * 1977t T, + Iy, i=1 T, + 7957751'
2.2 MREZASIBEE Laplace TR 3T S 41
T AR pR %R T(t) # Laplace ZZ#15 b ;&T(T) TR R, 5 1 RN T SRR R
IS F Ui (32) F1(33) 3 BE 7 A(7,)=0,7A(7,)=0,7'A(7,) =07 A(7) =0 MR 7, =7,

Al T.=7,(n" =1,2,-) (PSR 184 T, =%, iy, A(T,) =fu(x,,y,) +ifu(x,,y,), A
(32),153

~ Nf
T = E N TR O PRl € 2 % aJ Al -
B O T R R L

R’ w’s 1
o (a2 +yD) (U + )
1((96: - Sxayi)fqz - (y: - 3x:ya>f,41)} +

[ () = 3ey) 0 + (d = 32y -

oMo : (2 =) - 4y?)f
hoGEeD e T T
4xaya(xi_yz>f42_i(((xi_y:) = 4y yd>f42+4xdyd<x _yd)f,n)] (34)

Ao
fAI(xa ’ya) = (Cwmw + Csms)xﬂ + Cws +

h(‘;rrR2 2 R 2
1 1 (2 -v6, -v,6,) +2wRHh, (1 -v35.) -
h mwR* & >
|: L14 T()Z(Fm +F) +2"TRHhcsTosti1:|_
. i=1 i1=1

= Oh (x, +97m°) 1
2mRHh, — -
R o+ I,

hcquRz - Eﬂthct<xa + 19-[’,7!21) 1 + 19 }_L('h(x + 01)7’i1) 1 J

L4 {5 (%, +19|77125)2 +9’§ Nio (x, +19}77h:) +y2 Ny
3 h..y, 1
Xy sV Cm,+Cm)y, +2wRHh_ — +
fAz( a y) ( )y Z (x +1977“> +}’ N,
h('s TrRz ad ﬁlﬁclya 1 ﬂhh(,h d 1
- + PR .
L4 7= (%, +19t7’12i)2 +y: Ni o (x, +19bn])i> +y§ Ny

&TS =, +iy A(T) =fn (a0 +ifp(x,y) ,B(T) =fp(x,y) +ifn(x,y.), HHAR
A (33) , 155

Sfofu 5 Suke * dnfo v Sute
(22 +y) ([0 + /)
xSt =% Su Lo =V S o =Y S S
1 (2 ) (fh + 1)
S £ (xuy) B fpCe,y) AR5 £ Gy B (s, ,y,) BOIESAIA, T

T(r,) =

) (35)
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1
Sm(x,y ) =N+ N - ? Tazwzs -Cs(T, - T,) -

h, R’
L4 (2 -v8 -v,8) +2wRHh (1 -v8) | (T, - T,) +
h, mR’? >
(i 4 TO 2 (Ulin + Ubin> + szHh('s T() z Usin +
. i=1 i=1
= [Fo(T, = T) =9m3U, 1 (x, +9n]
21TRHhMTO Z I: sLZ( n 0) aZsL 2am:| (zxa snw) +
i i (xs + ﬁsnsi) + ys

h TrRz i 1i2<Tn - TO) - 0ln12iUlin:| (xs + 1911][2;> "
fo =1 (x, +9m)" +y?
[F(T, - T,) - bniiUl)in,] (x, + ﬂbnii)
(x, + 9m)° + 5 ’

Sm(x,y) =
hcsWRz T i Fo(T, - Ty) - 0177121' Uy, Fpo(T, -T,) - 0bnii Uy
— + —
14 AL (o)t ey (. + ) +y )"
(T T ) - 057731' Usin
2wRHh,T, 2 = = i

S (x + 9l Y
B2 (34) A3 R A B S A (o2 +32) (fy +f5) PR FER il b BRABARIE AL («,
y.) = (0,0) SEZA WA SO0 A AL ET SO a0 R A .
{f4l(xa’ya) =0,
f42(‘xa’ya) =0
[FRE, =X (35) Fumas T B S A (2 +92) (f5 + f5) WAL FEE 1L BR AR R
o (x,,y.) = (0,0) AT 500 iZ R A AT SO T R B A%
{fm(xs,m =0,
fAz(%J@) =0
H R (36) H fi(x, ,y,) = O FIFRRAL(37) W £, (%, ,y.) =0 4330 # y, =0 Fily, =0,
B (36) #1(37) BOUAFARTE S b, MRURER (v, ,y,) = (0,0) F1 (x,,y,) = (0,0) gifh,5(34)
F(35) (M HAM T A & s R AE S BT (v, ,y,) = (0,0) Hl (x_,y,) = (0,0) ABH7ES S L,
PRI (34) F1(35) BT A & S ARTE Sl b Watie =t (32) F1(33) i iy & 5%&%%‘& A3
P2 (32) F(33) BT A B w02 SE B A AR R i i U O ML TAE R N2 RS TR La-
place &4 fiff (1) &F w1,
P TR XD TAEE NS JBES IR Laplace 28 8 fif (1) A7 s 1 7 DA — e M4
J NI A P B B AT AR R AR 1Y Laplace A8 40/ 04 BT A 27 s AR LB E AR
BT, AR T AT S b R 52 1 265 LAGIE PR, 5505 38 o — 0P S 36 25 DAIE S 6T It AR SO FE:
RATHE.
2.3 ETF Laplace T MBS B EMRTIE
F HBESIREE Laplace 283 fif A1 sl b e bE , B e =R (32) f(33) Y A(7,) =A(7,) =02k
WHTESEMR, IE 7, =7, =7,(n=1,2,-) SREEEE 7, = 0 500l0E 1,A(7,) , 7. A(T,) F

(36)

(37)
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TA(T) B—B = RIPUBY S, 7. = 0 J& 7 A(T,) BI—M S M7, =7,(n=1,2,--+) J&
TA(T,) ,TA(T) BT A(T) B—B B, 7 =7, (n=1,2,) T A(T) W—BE I HA
B(0) # 0 R B(1,) # O.1H, IR Laplace 258 T(7) MRS RS T(7) HUBEFFEH 43
B (32) F1(33) AT Laplace 784 155825 1, > 087, > OB, T(7,) M T(t,) /351N

o : = N, . Rido’s] 1 1
T(t )= i e |~ (A'(0))? - A"(0) | -
TR ETICoN : [A3(0)( 0"~ iy 4 )]
2 2 2
s E 1 . BN, O 1 .
2 Z 347 et + 3 z 447 e
Ty n=1 TnA (Tn) ty n=1 TnA (T">
6N\\0[_ L)+ A(0)A7(0) - A’”<0>} (38)
: A*(0) A*(0) 64°(0) ’
_ B(0 = B(r,) .
(iy=20 0y (39)

IO EFUC N
X A(0),47(0) ,A4"(0) FIA"(0) 735l A(T,) BLA(T,) RH—Fr =28, =0
o= 0MME, A'(7,) 52 A(T,) BA(T,) B—Br- 8T © = 7, AbRYMHE.

EAFBEII R B TER M 7,(n = 1,2, ) IR TANF 420 3 5emids A(r) kst
ZERANILR 1+ 9 BORRE HIWTH A(T) = 0 IARE R AUR 28GR 7 = «, =- ¢, #HIHARA
A(T) =0, 3B A(L) = 0555 KM A(L) = 0 MIEAR , JFZER A A rh BRI A () RIA
SR — 2 + 9 my—0" FIW ¢, BRBURME L , IFAE 200 B N i BB S R A IE
W, , WIS 7, 024 HoR 200 4> 7, B, HIEE 0 < £ < 0.178 LR h/hal ok 3ok ¢, B
ALSERBROR AR A, SRk — 8, A UG AE & 8 SO R il A AT BB AR 2R M bk
AR B FTR R £, , BERTRE R A, m] s NEE R AR R 225,

I+ H A PRSI BE Laplace 72 46 fiff () 37 s A mT LUK ™12 160 1 285 1L B8 () AL, 4l
SCHR[ 137 TP 52 4 10 o B AR AR S A n] L S R, 55 3R 14 ] PR AT Stehfest 2B R A AR
XTI B Laplace 840/ i#E4 T 3 AL SR AR A LE , SR FH RS IR Laplace 722 4 19 &7 4 R
HEAT SCBOR A, AR F R H AL 2 5.

3 BB

Pi—H e 8 400g t Z & 0L 6], SCERL 7,13 ] & SR 2 2805 0.5 h s 3
BV 0 = 13.2 rad/s 7, FELAZRE SR 2 1B 1T 3.5 h i B 0 D 38R0 TAE 2 N 28 RS SR , O
WIEFEH o = 16.17 rad/s BYSZIEIE: 0 = 13.2 rad/s B2 Eia17T 3.5 h A2 BdE 4MER] 9.5
h JESZITFIART B O HLTAE RS IR N 27.3 °C, TAEE SN IR E H 29.8 CLEMH 0.5 h
Ja B DHUT iR s 1T, I TAEZ PNIRE A 29.8 °C, TAEE AN REEIREE N 29.8 CLE LML
gt B RGO U fEE 1Y 29.8 °C #6 w = 13.2 rad/s PREFAS ; SUHAE
IEN,, =76 132.41 W LRFEAAE G R P5SCHR[ 7] 0008, B SR HEXUT B i & s = 2.251 kg/s
PRAFANAR AR SR 11 ], -G 7 2Z () R BB D) %R N, = 8 299.39 W LRI ANAE 78 13X F i 14
T, 3CHRL 7 PR B OLLA @ = 13.2 rad/s RSB 1TTF4R A I 20 R SR8 1 st 2, BB ] 0 057, DA
GRS 9 AR 3 PR B A WA IR B, EZI A6 TR 5 TAR S AR PREE IR B IR A AE 55, 45 th T R
IEA TR R AR 5 PN A SR B R R] 725 A P 400 B 26 2 3L 3 B SR FH I T 4 3 1 A SO B 0
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MR —FE is 1T B P ) TARE S N2 SO B - T B 1550, DASS UE SR HE- S 1 E A M A %
S B IR S A T D A

MEOHUIMEE 0.5 h, TAEENZSREEE] 29.8 CHIFLG, IR & LR EZTT 9.5 h
TR AR S P9 A R B AR O S HUA 10(33) R (39) AR SEPRIE ML, 5 SC
BR(7]Hh—FE, FIBGTASEIT . TAEZFEER=5.25m, HE H=4.4m; TAEENZESY)
GUREE T, =29.8°C, IR T, =29.8°C; BIHFEYIR N, =76 132.41 W, SCJEEEE I N,
=8299.39 W, #3# w = 13.2 rad/s, Bl I o = 0.444 3,58 XU E R, = 5.25 m, ARHEXUR
W s = 2.251 kg/s ;2% p = 1.205 kg/m’ |, 23 ERLIE €, =1 005 J/(kg-K), T.
YERENZE SR m, =460.0 kg, TAEENGEMIFILIAE C, =460 1/ (kg K) , TAEE N1
JiteE m, = 80 000.0 kg; TR JECAHR FIMIEE JELREER A 0.5 m; THOAR FIIE AR &1 3% 17X 37 46 £ 3R AR
H 37 W/ (m*K) , UEESNE R B R BON 74 W/ (m™K) 5 A JEARCFI I BE b4 RS 20 2R %
#A 1.51 W/ (m-K) ; TR AR FNEE B4 B3 BE #2250 kg/m? ; THUAR | JRS A AN BE A4} L
AHRH 470 1/ (kg K) . FIRSHCD | Dy 3000 08 o S0 A5 21, B U LE AHE U il a5 T
Sy S RN R B A B SO AR B MR 1 S B0 A A AR SE LA T AR AR T 4G
B

B ARE R (11) SR M AR =, (19 FORTRAN 2%, iH5 58 SR IE 59 »,(i = 1,2,
++,500) R PR 9, Al m, (i =1,2,-+,500) FERIE A(7,) = A(7) = 0 il KAEIHAR 7, 7Y
FORTRAN &7 , WA B FAF W AREET 5 m,,m,, . m., TTEAREIA(r,) =A(1,) B9—BY 0 SiAE
7,(n=1,2,--,300) RJF IR (39) , it FORTRAN F£F¢ , BRI AREEFE S 1,1,

FEPEH—B 0 £fE 7, , TFF T(0) B T(e) SR E(33) T SO 500 T, X2 (39)
RO 300 TR 1 25 Ak A SRR SR AN ITURON 45 SR B 5, 138 Hh oS 3 S RS
HAmsi b 10 WiEk 20 0, HHO B, I8/l 10 J5TFT 20 I5 911545 R -5 AN 080 I A AH FEAR X 22 1k
R XA AR/, 2 WIS SR A i OB A2 68

TR ITREE AN 2 B 81 2 RIS T SCHR7, 13 ] iRy A S 25 SR F0 2% 18 bk B
T 2 T P 5L T AR R P 2 PR O BEIB 45 2R

54.8

49.8

44.8

Q
S
&~ 398 <
/ /- —4— experiment
34.8

=o— steady theory
=4 transient theory
1 Il 1 ! 1

29.8 #— :
0 2 4 6 8 10
t/h

B2 AR A A R R ] 972 f i 26
Fig. 2 Curves of air temperature vs. time in the work room
FEBAN R D7 5 BT A T BE - IR ] 2l DL 7R 9.5 h AR E i Tad R vh A5 B R BE AR 2
A BRI T SR B S A5 R , BAEE AT HTL/ NG FE S EE RO 1 A5 LA B
A AR BERS S S AT Ty ik TR~y AR 2 05 I T AR & P == RO i 2
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TARE IR P, 51 T — R TR B 1M 25 R A BE A S AT A BT SR A i A P R
5SS RAREE A AR RT3 R T & SR 22, R AR, T AR AR
TR EE SRR E AN TR 3450 AN TR I ) S DN (AR Bt A LR R BE A 20 T i 1154
HBRE T AR A N s B 5 700, 1 2 PP A S S U E T s O EL ; [t e T B
SR TR SR A —E RS e, PSR b Z0m T AR S N RS AR ) S Pl TR A
PRSI A ERS TH R AR A 24 2 C 92X (i 22 (EL R 35 2, AN 3075 TR A BE D 25 5 v B
WA AT & P B SC P, B e SR R AU A B 0, DL, HA 45 2R A AR At
M.

TION, HW 1 = o FEATIIEEMS, AIAG BRI - T AR % -5 BE 2R G Ik BRI 1) TAR 2 231
I 52.64 °C 7B SCHKL 7 ) 25T SRS i LA A SOH R 25 20— B B 5 0% &
B A2 P AN Y BIE T 4 R — B aX U B, %5 S8 I BEAS S RN 2 i i B i 2 3 A4S
F A RGO Y T AR 2 N =S ORI R AL 352 B R (39) Y « BN 1, =1 = o,
A (39) WL ELHERT AL R SCHR[ 3 ] b BAR B2 2455 181 2 rh 2% 2% it 2 ) R0 1 B0 K HE B[] ) 7K
SR LR, n] UL A SRR BERG A T PN FL , 5 SRR BE I A T I, AR 2 N s R Rl I
TN IA)REAS TH i P EE G — 86 | TR B B - A 2 -5 B 28 458 0K B - i 1 o 1] B AR 22,
I, 25 O TE AR I A AR 3 PN 2 R I, PR FH LRI 0% B8 S BEAR S S A BE T3 07
I 25 S B O LA BRI RS AT, SR HIAR SC 0 %5 JE S BEIBE 25 T A BIE T 37 ik o
TR AT KL S22, R T — ok U s A7 A BRI [ A9 R B 2 oL, 2R FHAR SCHY
PSR T X IR A U ST Y 3 L

4 4

ARSCN R I8 T DAL B IR B ST I ST 4 R K, 25 B DAL AR S TR i AR A
MVEGE P I 245 A S BE P AP TR J — P 0 A 28 = ZRIBLRE T AR ST T R BE A RS A
& S T R 5 A B O LK Bl 22 8 R R - T 2 - BE 2R G2 A0 BE P-4 7 B2 R H Laplace
AR )7 KA Laplace 17846 1) & T 5 B, 156 7 K At P (2 i BE RS VG S T IR R G
A RE P 75 A, S 1 T RO L AR 3 P9 28 U R BT 8] 22 A A 2 508 I SR R s AR =
AP 23, Sl FORTRAN F215, LA — 65 - T O ML B S0 1 BRI T3 6 DL 5807 7%
FIAREER AR SOk IR 45 -5 SCHE FU A, R I 25 B s BE RS T AR BLE T H R A5 R %
S gt R e s UM g ) A R e PR T SR T R B AR O L AR S A
R RE | AT o A 2t P sk
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Research on Transient Temperature in the Work
Room of a Rotary Arm Type Centrifuge

YIN Yihui'*, LI Qisheng'?, HAO Yu'”,
LI Yifei’, FAN Zhigeng'’>, LUO Zhaoyu'"’
(1. Institute of Systems Engineering, China Academy of Engineering Physics
Mianyang , Sichuan 621999, P.R.China;
2. Shock and Vibration of Engineering Materials and Structures Key Laboratory of
Sichuan Province, Mianyang, Sichuan 621999, P.R.China;
3. School of Civil and Transportation Engineering, Qinghai Nationalities University,
Xining 810007, P.R.China)

Abstract . Firstly, in view of the transient heat conduction in the top, bottom and side walls of
the work room of a rotary arm type centrifuge, the governing equations of transient temperature
for the walls were developed. Through the Laplace transform and solution, the total heat flux a-
mount permeating the interior surfaces of the walls in terms of air temperature in the work
room was obtained. Then, the governing equation of transient air temperature in the work room
was established according to the energy conservation principle. In the equation, the input ener-
gy from the drive system was balanced with the total energy absorbed by the air and solid parts
in the work room, absorbed and transferred out by the walls, and taken away by the outflow
air over inflow air. Finally, the explicit series expressions of the transient temperature in the
work room were deduced by means of the expansion theorem of the inverse Laplace transform.
As an example, the work room transient temperature of one constructed geotechnical centrifuge
was computed theoretically and the results were compared with the experimentally measured
values. The comparison indicates that, the theoretical solution is in good agreement with the
experimental one. The established transient temperature formula can increase the forecast accu-
racy for the work room temperature and improve the temperature control design of the work

rooms of rotary arm type centrifuges.

Key words: rotary arm type centrifuge; aero-dynamic power; drive power; transient heat con-
duction; work room transient temperature
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