-1 N
20465 E 2 M Y ™ % R Vol. 20, No. 2
1964 % 2 B ACTA PHYSICA SINICA Feb., 1964

LB iR EERSE TR
— A INFE

73 £:2

AT B A B R B A R O B R SRR BT B e, SRPIRUA AR R 5 TR AR
TR IR B S EEEINREUR 2B NH, G S FRGER D R R N SRR
{CBGEREEAR B — D AL ER R, EAE R RSN R iR E G TR N,
CHAERERIZRESHEAN FE EREEWA ST, BT SESRREULE G S #GR MR
% > BT DUR R iR 8 SACAAE I £ — FET DL, ZARE DA AT S AT DUA SR BT R E
SRS RFENA AR ALEAES], ZOEERRRG MR OIS EAN A ERER FR
PR AR ., AR R ORI, & R fTRERAR T, A AR AT
.

—. B AT RIS X
538 T HERVE S 00 i AR B TR AR B B AR T i B b G AR e AR T R

8T 62T> o*T 1 0T T
Ly == L =0, 1
k( ox* 0y* k( or? r Or r“’aOZ) )
2 27
K<62T+62T>+W;K<6T+_1_Q_T+GZI>+W:0’ (2)
O’ y? or? r Or r?06*

Hip g B K FoR SRR R RGREL, TE R SRR N ARBUR R B N H # W,
SEN RIAETE S, GLEE SRS DAJH PR - e 2E i (p= 1,2, -+-, ©);
1, Inr; r7cospl, rPsinpl, r~?cospl, r ?sin pl, (3)
e DR B RSk R i gk, ()M I & —TH — (W/4K)r?, XAF BB AHRRFE R
#, AERIFLTE Co, C AR EEASN, BPTRTURIAEE 2 =« + iy BEMTREA:
Iy ¥ m — Ri V' .,
2k A [ln = + ;:_{ ( - _) E(p) +

N1 2 — 21

+ Z (Z=2Y 5|, (4

R,

Ty =1+

z

— . = ' \?
Ty =ty + Iﬂ- R [ln = ) ( Ry ) EU(P) -+
2nk R r=1

0 = g I

Za

+ z (z—;“—@)" 7). (5)

* 1963 45 3 B 16 B,




138 7] g 2 id 20 &

K 4, 2, T HSRBINERERYG 60 T () (p=1,2, --,0;j=0,1) HE
IR RBL S C; PR R RIEELLALE (v, vi) MEERR = =% +iy; AL
Wi, BB EM—RREHNIE. SR, CO)BR, WHEELLENE, &R,
REE SR, T, FRRERAE C 8 ¢ (BURAIAES) MERE, BT
%, IUARFPAR &SRR, §(), 7:(p) A5 C; FETHRMEEFRGER 5751
A%, B A AT A R A B IR B R, S

Lo e + 1 810 L0800 — 5,01 (6)
2rk 2
L R BRI AT RE,  Heie(4), (5) , 5B DH I TFH R B 135 R M 1
o Tw R o Tw (21— 2\ 4] .
tl_to+2nkln 0+‘%[§12Wk< R, )”O(P)JJ (7)

exm=(%Yk«w—wp—rwi§i§&@—4)+

0

+(P"1)(?"‘2)<§1;EO>ZEO(P_2)..- +

1.2
(R e + (L (BEY], 8)

n(p) = <%))p [ﬂu(p) +(p+1) (zl 1:0 z") nlp + 1) +
+("+1).(;’+2)<z1;]z“\)2770(p+2) + ] (9

KRB SANERN T RO RFNRERS R, AURZHER, R (D,
(8).(9HFH NARESTR(E, 9, « HAIRE, 6" NITRE, 4, B 5EME).

'y — 1y = ZF;]{ In—g—: + Rlstn], (7"
51 = AloEu + g, <8I>
7 = By, (9,)
B P AT IR n=—1, —2, -+ W al @LH ©)
+ — h 21— %)?
bm(q) 2ﬂk< RO ) bl (10)
— - (p— 1)1 2L — 2\ 4 (R,\?
A s = (— )4 Y fobal'd
ule, ) = (=) (p— )1 (g — 1)1 < R, ) <R1) ’ (L
Bulp, q) = q! 21— 20\ (R
I(P q> (q - P)!P! < R, > <Rn> ’ <12)
u — (—o1 L (21— %\ (Ry\?
u(p) = (=)t (B (R (13)

WIFE, EER A Cs, C MEMRPEEIRH (=3, 4)



2 #H T AR R S S BT~ e BT 139

w I 2 — = R; 4
Teg=——[lz—z?—R}] + ¢ + ‘3.%’:‘[ln =4 < ! )E +
43 ik | /I j i Py R, ; F — 7 ,(p)
(2= 2\ '
-+ Z( ’) H,(p)}. (14)
p=1 7

B TR _REEEEER, BOTAEA C; S RIS E R IR R AT U A 4 RO,
@3 ¢ G ARG A B R AR & 4 R H R

U <K QI—) 1'40] =TIy — =RIW (j=3,4), (15)
0 or Ci

AP RATE BB ERA A mFELCAEA, EE(14), B 7 =3 i1 j =4, &

— =]
23 = 4 f7F

r43 R+ w 2 2
ty — ¢ty =—"—In—=——(R;—R 16
4 K R, 4K( + 3); ( )>
— R\ — R4\,
2 = (&Y ae,  me = (&Y me, (17)
Ry R;

XL R B B9 R AE RUR T Al Co iy [ (R () R 05

DI ERRIREAL AN R R X

BB AT, BIBFE Co, C1, Ca, Csy Cpy KIFHNESLEE CC I
C.C; MRS, 1F C1C, MR CsCy BIREMAR,  BEARMALFE NG, SEAROE IS
£, BMNE C, AEERFE, RAF W C O NBRA M,

EHIRART CoCy PR T ARESRAF & H T C:C [k, FrA
KT CC MBI RIS T FRERRNBABERT €., MBEIKR, PRSIHA
SR AUt H AR B AR 45 55 T BH MEAR A T e,

BRGEBAARGARRGEDT A T N ¢y RECRHEE, (15)i- BHNES

I'; = mR{W, (18)

£ C; A b BRI RRGR (15)-s FITREMEY BRI T A1, 1%
Iy, = n(R} — RHW, (19)

e C; FE _EEERMERE (15)5.a 5088 T, A EH
Iy =n(Ri— R} + RHW, (20)

W Cy 51 PR B R ARSE &
Iy = (R} — R; + R} — RDW, (21)
TERRPARTE €y b, MM AL M8, ZH(14)Ri(6) 4

I'olBy(p) — Hy(p)] = 0, (22)

Bl R4k, R (17) A SRR Cs R _ERFEE R M, 295 (6) L &)

Tt ) + ()] = L8 (2,00 + H(p)],
Rs2 Kg (23)

rsz[&s(?) - 7]3(?)] == ru[E;(P) - 1‘13(1’)].
AR 8(p), Hi(p) (G =3 fl 4). (it




140 4 3 # #H 20 &

_ kn . (RJR3)* + (Rs/Ry)? _ —
[&@() + 5:(p)] . (R:/Ra)p__ (RJR? [&(p) —ns(p)] = 0. (24)

KA A SRR S E 5k A, BIRE, AN €L SLE AP SEBEREE (23)402 301 2005 F
C,C; RTBBREMFAER (1742 301, AR C; RTINS (23)401, 342, 203, BT DA
HE 85i(p), Hi(p) (G=1%12) WHHDRBRUT:

1 ke (Ry/R? + (RyY/R)P rr oy _
[&:(p) + m(p)] + . (RIROT— (RUR) [£:(p) — m(p)]

2

— ke T 2 _ _ \
Kn Iy (Ro/Ry)? — (RI/RZ)P[&(P) n(p)] =0, (25)

ko (Ry/RD? + (Ri/R)? N
[&:(p) + ()] K (RIRT (RI/RDP[&(?) n(p)] +

Aw Ts 2 3 ~
e s s (6D — ()] =0, (26)

H A SRR SR A SRS U A S e E, N EGRRIL T € ISR, T
Us#H (6)m ALK

% [&(p) + m(p)] =0, (27)

10
BIAKH a, B (8py TR AN AEETT):
(R>/R)? + (R./R,)?

A D ey — (R Ry
. (28)
Pul: ) = TR TRy — (R Ry O
AR R 4 :(27),(26),(25) , (24)HHB
& + =0, (27)
ke, o ho Tog o5 >
(l Kn zl) & + (1 -+ K a21> 7+ Kn Fm le(fz 7)2) 0, (~6 )
kaz 32 /{32 ro — 7 !
(1+—K';an)fz+(1—%1121)7]2““%‘2‘1}?2‘321(51—711)"Oa (25")
_ ka K. - ,
(1 X, a43> & + (1 =+ X a43> 7 0, (24"

Hi[H) (8’): (9,) i (8’)1-»3. 025 (9,)1—»3, 023 ﬁﬁqﬁé;ﬁ@%/\/ﬁgﬁ &is 77/(i =0,1,2, 3)
BIANIEFFR A, BRHHAESIE 20 R o BN (7)) F (7)1, os2s B 2 — 2, il
13 — o, AHXADREPIE TN AR E N T,
R EIE B — D IR, RN IN— SRR GX A RRSCE) 2 9 )

X = biony + b, (29)
BIABE L, Eos My 10 705 Eas o £, 75 HIEISHE o, FLH 5— 755 —AEH 1 (FLfbT
A9 0) HIKEBE ew, BAPHE (29), (27, (8, (97, (26): (257, (8)1ms, 02y (9 )ans, oo
(24") BB RFFR B, BT BAIEE R E T,

Ly — Repiy = 0, (30)



2 B R ALFRIRO BRI S S RN — /N R R 141
B
—-A 0 Ph 0 0 0 bas 0 0 1.
o 1 1 0 0 0 0 0 0 1 gol
ajo A 0 -1 0 0 0 0 ] | qol
0 0 Bw 0 -1 0 0 0 0 &
ko I ko I'se
0 1 ko, 1 4+ ko /(10 ko T's2 _ 0
0 0 Kgy Ka Ko I'wo Bau Kay I'io B 0 [ "
: =0 (30)
kas I'io kes D10 kaz ka2 '
0 0 0 —Smo NI R I 0 0
Ksa1 I's Kai I'sa Par Kar * Kyt = ‘ € ,
azz 0 O 0 0 Asa ¢ -1 (] ( 7]2:'
0 0 0 0 0 0 Baa [} -1 F Esl
kas i i
0 0 0 0 0 0 0 a3 1 4+——
Ky “° (18 SJ 7]8/1

=, o
12 (307) b LT URSHORE & SRS ARIK LI, R B RS
BT

L=l 4L, A=242, &=q-d (31)
PF30)MIFE B AU —RK TR
Ly — Rewsd = 0, (32)
190 1 0 01 0 1
L(I) - lel 1(!) -+ L(IJ - Kel 1([1 - 0 (33)
BRI TR RSO Y BRI l HS L - lcu HIFT AR A HFE TR, Hik
(32) LI 5 F A AR ¢+ = [1; &d9d&in’s E59 &0 ],
$L — then =0, (32*)

AR F AR NAETRLL o, (TR E T (33) M T IR A

[ €7

&NA¢&WW%w§nmﬁ&,mU

S AM

X

10

DL — b 2= gtLe,

Apte, 14’ =0,

= 0,1, 2, 3),

]

= 2 ](10 azﬂh + 2 LEW: EF a,hz + ZL% ‘Xﬂ% +
(o1 Ky
> Ty 2
+ 2 ém 771 ;_)2157 4 2___(’.3__ U 5;.821771.
K21 L R

=ttt =

Rt LR,
Lo Ry Ty, Ry o2 i].
ﬁkm Ry Tl'kp RZ

AR T AR R

(34)

(34')

< L FE I B35 9 e 2 2 , 3 A3k o, SRS T
’ﬂign}‘}i. }J\ (7 )9 (7 )1-»3, 02 T’f‘ ]_—'

(35)

w5 ER S RBRECL AR SRRETH K, WA RS- AL POy S A5 1, X

BA SRR DAR ST AL B,

BHEREFIARE Co Tl €1 FEOERES 2 = co (FEREA




142 1 i =2 #

20 %4

)R 2 = — ¢y (FEPRIEISEE)TARE C; B

. 2T Cyw
C;: |=—=2| = p, =0, 1
i z+c‘w§ Pj U7 s ).
SHELC =z M8 R; #2H C; BE
Cit |lz—z|l=R  (j=0,1)
MR EAS
1+ 0} 2p; )
z,r—-cm————ﬁé, R; = ]Cm‘—‘—p'L’; (i=0,1),
1 — 0O 1— 4
784
€ . % T %o = piTw
lewl ’21_ zo]
R, _ R

l?-’\ - ~n[ = ;iR, — oKy = —
£1

.00'

HRIBER F i, A B 3, T SRS CoCy BB BE AT Tao 0
'1(110 =% [L‘)— In (E’—‘—M Cm)] .

zﬂklo T + [ T%
X B 5 RsRE, FIR(37),(38), AT B 11

— ey = 5 — Ri.e'”
7 — cp==x— 2 + piR;e’"",

R; .
2+ ey =z —z + =L
pi

ijus/%\ pi <<

Z—

7

g o (__,.)p P ~ipT :
— &i(p) =9;(p) = p pie T (i=0,1),
Iy . v
t; = In p; =0, 1),
i P L0 (7 )
R A R EHA(38),(39)35 R, A B ERTE
0
[ — Aw O I 0 0 11717
4]
o 1 1 00 &
0
awg Ay 0 —1 0 70| = 0,
0
0 0 Bm u - ] El
0 0 0 1 1 _;h
Fr
[} 0
xm:bmm=~—ﬂimb4~&hr~m@=~51mﬁ£%
27k Ry 2mkw PRy
FIR(39), XA LA — M BRI
o I" 1]
Ay = wl{p«& ~z}z :
10 2k n R, ‘3’1 o' g 2.

(1 =0, 1).

< *f;’fﬁf**ﬂ(‘w)@‘e%<4>a3‘z(s>%&aszmrt%z§a&,waﬁﬂ

(36)

(36")

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)



2 8 HFE: ABERECEKHESES RN — Dt ik 143

SR E A BY R FIRR (44) L 5 2

o

[ — Ay O biy 0 0 ]
0 1 1 0 0

s 0 0 o
[1 & 75 &F 7] ay Ay 0 —1 0 =0, (44

0 0 By 0 — 1
o o o 1 1 |

i B B A1 (38) . (39) , 45 ShBR AL A% N

OSL(q) = du (—)atpdeidMo,
2k
(47)
[ 0 0 I"m .
90 () = &H(g) = n{(g) = _Z;k—m (—)pleiao,
PSR TR AT IR (32) s (327) , AT R AL (42) B (42D, 15 BU(47) B
(47 Doz s B AR HEATER A F9(45) B (45D0vs, 1os 2 F0:

[} 0

A == Am + 23}. (48)
41’1(42) (47X f (45 )R (34)F(35) , MG ER G H5 R

- DA G e () + e ()] +

+ 37 LR/RY? & (R/RY? | L (&i) —

7=1 (Ry/R3)? — (Rs/R)? nKy\ P

N i 2 ) razeip(fm—fsz) -+ I‘me—t’p(no-Taz) < Pf pf >’ (49)
7=1 (Ro/R)? — (Ri/Ry)? 7Ky p
fl—t(,+t3—"tz=-£9—-1nﬂ REN In -B-+g‘?(” (50)

2rke po 2mkn P2
KB HIES S SR K BRATEEE, B —HUR He FEARRARENS
PR 7= A2 ) T R IR ZE MR A ELTF,
., SRR IR

BT RS SRR, B LR T
d(xy — 2)d(y — yy) . (23 — %)d(ys — v2) _ Al - Y | s - ayn (51)
27 27

3

W(Rl - Ru>2 ”(Rs - R.?)z
Bl
_ . dm— =) g Am (52)
o =1 (R, — Ry ¢ (R; — R)”

1E 0 5 1 2RIHSHT, 1o, 72 1E 0 X 20 2B SE, WmFRSERE CHEXR,HLE
A HEAEGDRAIE I —XET

¢ =1+ Z (p(Cm C))cosp(‘ym - ‘)’31) + Z‘Sp(cm, CSZ) sin P(‘Ym - 732) <53)



144 & | =1 i 20 %

FE AR (50), (49) MRt AL 38T, (49) R0 5 —TH RUE SRR LR AR N S B MK 5
HA AT A5 — R OB A I, MAT AL L IR Co 81 Co 7B, R
FAGLHE IR M R AL BRI ARR A (R HE(51)),

M(52)Fn(39)1%F

(Rl - Ru>2(1 - Cm) = [2'1 - ~nl2 = Rf —+ Ré — RiR, (ﬂ + ﬂ). (54)
P /M

1 . . 2
<1n g dc‘m cosh™ {ZRIRO + <R1 RO) Cm} -
Po 0 2R4R,

_ /R%—i—Ré nR _Ri+ Ry, 4R — Rl,+§_<R1— R0>3+ (5%)
le — Ro) 0 R]_ — Ro 3 R] -+ R() 15 R, + Ro
FHEIEH (49, B —TUAF], BH
< (RZ/Rl)P + (R1/R2)P_L _B__{ (R >2P (Rl)w } —
1+ 2 4+ 2= + e =
PZ; (Ry/Ry)? — (Ri/R)? P Zl 14 R, R,
1 1
=1 - 4+ 21 +2h — 4 -, 56
T i eryE T T 1 — RVR o)
M(39)F(52)45F] ,0 L ¢ k%
,0 4 (Rl + Ro)z "" ZRIZ)(] _ Cm) =+ (Rl - Ro>z(1 —_ Cw) . (57)
P1 Ri(1 — )
HASKREEAENRE, Ry — Ry < Ry + Ry, f#(57)%
Crp == <1 ’“B) 8P1(1 '—ZPDZ(Rl— Ro) 4o, (58)
L+ pf U+ D) \Ri+ Ry

B A

<1n - —]ka}> So_i_ClLQ_d(pJ = F(Q) + G<Q)<112 = f;;) -

S 200y, (120), 1 [10=0)
140 (1+Q)z 140 1—0 3 1+0)
_8o1—0) 80(1—0) 2 ]<R1 - RU> 4
1+ 0) 1+ 0) "= OI\R, + R,
BRI, R/ R; < 1, A(56)FF:E 1
(Ry/RD? + (R/R)? [P\ L /1 Rig
; (Ry/Ry)? — (RL/Rz)ﬂ< p > Q 1 - p§> +2 R; i) (60

EG)FR 0=1, # F(1)=1—1I2 = 0.307, G(1) = —2 = 0.333, L4FERTHN,

o<1, 9

(R; — RDY/(Ry + R < 1, W AR F(56) Ttk R il B I
(R2/R1)* + (Ry/Ry)? < p‘_> R, + R1 <
7=1 (Ro/R)? — (Ri/Ry)? R, — Ry 3=y

+ B — Ry s 4? —L z">+ (61)
R2+R1, /




2 B BRF: AEFBOHEESESHRHA— MR Ex 145
)P E BT O BB E, 115
Z?\ _ — R, .
= = G 62
(5 t) = rpr Bz Lag, (62)
14 Fp Gp
1 3-141n2 =0.2274 81112-_1;:0.2118
2 81n2 - L —0.0452 100 48 1n2 =0.0623
2 3
3 ?375—121112—0 0156 152102 = 28 —g.0250
4 16 In 2—-.%’.23_4) 0070 244 — 352 1n2 = 0.0122
5 208 201n2=0.0037 680 1n2 — A% _ g 0068
3 3
Eflhl%'
<L = 0.129 4+ 0.128 Br— R (63)
R, + R,
Z—L—U")— ——&— ~ L J"—>~0290+0401——R°, (64)
P1 3 =1 "17 R, + R,
BHXHEMT
1 2 —_—
< j " d(Px>l - _1_ 4 _2_ 1{1 Rn. (65)
1—p1 o1 —p 2 3R +R,
ARG AN, SHE3)T(6H)AT, ¥ R 5 R, T, RIPUESBITEA %

o1 5 po xEFARSFER, HEBRIAGOMG)HEMM 0§ 5 (o FISRFE A AN(G7)RHE B

U SR AR AT

¥h
1 —_— —_

Ay = Jw [&—Jr—Rl (0.129 +0.128 & R°> + R R (0.290 + 0.401
7I.'K21 Rz - R1 1 + R(l RZ + R Rl

[RZ T Ry (o 120 — 0.128 &3 R2> + R R (0.290 — 0.401
/TKZI R; — R; -+ R; R;+ R, 3

4 Lo [(o 307 + 0.333 —-——-&> + (5?) (o 455 + 0.424 5—&)J

7Ky | Ri+ R, R R+ R,

R CLC, BRI, C5C, MIERIRE, AR e B (49) Z M7 4F

B

+ R,

Lo n).
+ R,

(66)

TR I SRR IR O ARG, N (53) , RI(66 )4 T 1A ZE 38R [ Seai 73 %(R)ﬁfi%]ﬁﬂ_ﬁlﬁ

(67)

1 Tp+Tw 1,, .,
~ 2 R TR e e ),
HAGHEARR ¢, 37, BinRA ¢ FTHEN C(p > 1) BETENBEAR, RIHED
iR
RiR,  Tp+To (0.429 + 0.292 B-‘—?—R‘-’Xo.z;w — 0.292 52;5%) ¢ (677)
R} — R} Ky R, + R, R; + R,

FEIE UG b P U8 T B kA L FE R 19,

{RATISAE UL (30),(34),(35),




146 #n Eo: ) Zh H 20 4

(49),(50) % BARV LA BMER & 1 ARAIF L,
RBATnR A A9 Mtk A — 1T
r = bl — b3, (68)
XEEARBI Y p AEE R T ARRTILAT v A AFIEfE A9 R FUREAL B A% B R W1 (49) v Thpi”
JEFN [pe’™ Mo JHETF C,C, Kik, M rzngp T, Fangﬂ HH Type ™70~ i g g 4~
CoC5 Kk, PFriA(66)e Iy HAN(67)h I'y BT CoCy S0k, M (66)H I'y THAI(67 )
I'o HIET C.C5 R,

A PERTURBATION METHOD FOR HEAT CONDUCTION
PROBLEMS WITH CYLINDRICAL AIR GAPS

Wu Yu

The heat conduction problem is transformed into an algebraic eigenvalue problem
which can be solved very simply by a perturbation method, the perturbation parameter
being the small ratio between the coefficients of heat conduction in the gas and in the
solid.
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