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On evaporation and condensation flows of a vapor between the cylindrical
condensed phases with finite thermal conductivity
— Coupling effects of the finite thermal conductivity and the latent heat —
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Abstract: Motions of a vapor between the coaxial cylindrical condensed phases have been studied based
on the fluid dynamic formulation. Owing to the fact that the thermal conductivity of the condensed phases
is finite compared to that of their vapor, the cylindrical condensed phases have temperarture fields as their
internal structures. The existence of the internal structures has already been found to change drastically the
roles of the latent heat parameter, leading to the existence of the maximum values of the mass and energy
flows. The present study is concerned with these maxima of the mass and energy flows as the coupling effects
of the finite thermal conductivity ratio of the cylindrical condensed phases and of the latent heat parameter.

Key Words: Fluid Dynamic Formulation, Phase changes, Cylindrical condensed phases with finite thermal
conductivity, Condensed phase with temperature field as its internal structure.

1. lFC®IC

B (. [EAH) o b o BMERRUE. @ 08
&y KA ZCHRTMLAERE W, 2hE, &
W) TR K L LT, b E T2 < o7&FE - EHER
REDS, FEERRAT. BUES I 2L —Y 3 v MDY, R
ranTETBY, B S CIEEMICE L O
R, BERMEONTHL, & 2AD Bl -7,
B O b DA RBVREMENZEE - BHEREIC k- T
e S NADMNIGBIC K E B e RIET 2 208, &R
SARERR N ICHE Iy Iab—v g VT2 1ICh
W, BURIZRIETC. BESMICS N, LISk, thhicE
T LKL DM, KGRI HFERR D 270 & Tk
HEAERCA] ICHE SN TR SR TETHD, THk
TIFERERAL ) 1 KRG A FERCR & Sl 2k 115
L L TCOXEHERRTH S, Bt omrEt
RN D Z ITH L THRMDERR K> &) Z &1,
BHEFINIC T ONEREE & L CoREEIIER S5
MEMNEND 2 THD, EEEHEARMMEN DR/
LEEBE, I BEEB IO RV X —REICEK
% B BEBEIETHEND 2 THA D, B
FH O BN & SRR K & B U /2358, 2856 - 66l
BB LT RN X —REITBEHANS X — 2 — Lk
A CENT A, CoZ L EEIEDEL L. B

M kA FREMmE M DR L 5 T BEUSS X — & —
DRI=THEDENINCRE LS B 5TL 52 20y
Wb, ZOZLIFTHEMIERICEETH S, DFED,
B T3V X~k s AT DSBSk & LT
ED & D IERE L OBEIEYTH A v 2k
A TIN5,

RE - BHFEEB IO T R —RE L ERNT A —
52— & ORBRE L OHREORAESICOWT, 4o
MZRE TR ) OWFENERIC SN TE TS, 22
Tl ARREMEEN 2 b DREEIED MR L b D851,
ME LTRSS XA —F — L DR D kD g%
Z5H500, L TCERL, £ Knudsen #d 5 vt
Reynolds BDOFEINE D J 95 WL TIREICH NS D
MEFART Rz, Y B 7R R M AR
RIDOZRFE - BHERIETH 5, IFEHERRIT, MR
Mo, GARBERA[ THLINETTHLN, 22T
[ S P TGP RS a o 3: OF N VRS AR =i O PR
NTOXEGR. 2F 0. FENZFHER 4] 269,

C OFEDORIEICBWTE L 2 k0 WEE L. BEFEH
DFRAREIL. RAOZERC (BRI ORI, SRS
CLTTFOIRET LI LIITERNE NI ZLIhH D,
T D=, REND FER EE 2 B 4 G 4 T3 A3
DY) FERBRL, YIal—YaryAFX—AlC



68 gooooo oo
gboooooo

HAAL RN D D, 2 DOFHTRITEICBFE A TH D
N, INEHAAATY, CORBORETIEELES
AR ST 2 0B e T 5, 2 oRWE. &4k
SRR ARICHE DS BT B O U — B & AR
b, ZOLDREBNS Y, ML E D TN
B2\ ORI L <)V THRD TR A 2R e L
TOFMES R ES b oA AEIER#STE L.

2. RIEDENL

[E M SRR oSk omRIE L E 2 5. N
ESFAIENIMEE L TENEFN Ry, RiZbH, 20
EXT Dy (Ro < R = R0+D1) L. ’5’*1&']@%%*5533
WTCENIME Ray Rs. JES Dy (Ry < Ry = Ro+Ds)
ThbEeT L, 22 TEZDEMmHOBRERITTAH
DFRITEHAR T D KEWERTH D, L7zh->
T, BN Z O NERRE & L CORMICIREES DY
EREhd, ZoRlE U, BE T, TrekhibF
BrRREICH D L L., ZDL XOKMHOBELIE %%
NZhpo. Py & 9%, &DHEHE (t=0)1C, AR
FOMWG (r = Ro) B & OIMUEEMI 0N (r = Rs)
TOREE Ty o, 2hzh, TV BroT® Av
LS D, DFD, EiEH D WOIEEIB I B s
®5 LT, —ERRERE%, BN EEL o
BRI J 5 T BB (r = Ry & 7 = Ro) Ol
BB L, TS Lk - T, FETERED D OITEHR
EREME U, 4 OB % 1 - 7o IEEE RN ATERK
INb, MAVGISHT 2 XEHEARE L ToRER
SMERAA] LROMBKE bo, Tabb, ZhZh
DEHFEAEN OWEESS T (o =1, 2) IS L TE —
TELIEERL ke & DB B SRR, D F D

927 (a)
83:?

T (@)
ot

—0 (8 o BEHEPET) (1)

— Ke

Z. T LT, SHOBNGICH L T, 8% oEMEE
Navier-Stokes H 2T

o P 9 puj
g P tom| et Poi; — 7 =0
ple + zu?) L7 puy(h + $u?) —wimi; + g5
(2)
P=pRT (3)
Ou; ~ Ouy 2 Oy
i = M| 5— — o 5 0ij 4
Tij M(@xj + 8:51) 3“8%1 J ( )
oT
= —A
q oz, (5)
Y
h:’YGZCpT:mRT (6)
I T A T Cp
— = T = = — 7
o To Ao Ty 7 Cy ( )
THhH, 22T, t ITHR. x; VI ZC R A, P =N

OB, u FERERZ MV, P TS T IHEE
e BLU h ZThENEMEESHTZD ONET )L

gboboboooooog
gbobobooooog

gboboboobooobooon
god

T HVE— 7 RIS T Vv, g 1
BN MVCH D, 6i; 13 Kronecker @ delta %
KT, p & N ITRMEREE L OBYRELRET, R
E T CHBIT 2 (pow Xo VHERE Ty ToRMERE L
BMRELRED). RIGEMEEYD oKEER. + 1E
FEERL (2 2 Cld. v =5/3) C. ¢y & ¢ TTNT
NEARDERILE L EEHATH 5,

WIS T, C ORIEICH LT

T =Ty (3 o BHEHNEIE 2 F7C) )
ui:0, P:PQ, T:To (’;?R*HEPT)

RN ERALIC B RS E. SR
(r=Ry BLO r=Ry) BT

uiti =0
_ pl .
P— Py . Ui Ny
P @RI
T— T‘S[?) o U Ny
T(O‘) 4 QRT(Q) 1/2
% (2RTy,") (9)
[(c)
ENCAGN
T
1 2
= q;n; + (hL + §u )pumi — WUiTijN;
C) = —2.132039, dy = —0.446749

THEALNS, 22T, n; [ FEEMEMAR T EToskm
SHAERARZ ML, ¢ IRE RSB 2 =20 H
RIBERA 27 NV, TS V355 o Wk o LR C.
P HEEE T oY RS E N TH D, 2
ZCoREICBO T, T, LEassT P b,
REET, BRIOBMEL o> T5 S 2ICHERT 5.
(9) N £ 3 BRI, SRS FREARICED L
T BT AR D — ) 7 3B B L 63 5 BEFERRIE i fi#
(5] 26BN ERNGSECH L, £/ (9) Ko
BB OBRRIIFRE T O T 3L X —FasiEst £
HIANT, A\ FEHEHOBMRE(RTH 5, fiafizk
[T P‘S[(,") £, K@ Clapeyron-Clausius O =

P T,
JI;V =exp | —T %—1
0 TW

TEEE TN eV Tns, ERICBY 2 by 13
HATEEY 2D OFT, TR T & &N
TRA=H— LIPS LICT 5, & 61T, B S
(7" =Ry — Dy BLO T=R2+D2) OBV IR
e LT

T(l) = Tc(l) at r= R1 — D1 ( )
- 11
T(Q) = TC(Q) at r= Ry + D>

hr,
I'=—2" (10
. T=2E o

22T T3, 5 o BB o
FORETH D,

FUSEET 2 1H{R S



goboobooboohba3rg 69

3. ERTHFMNSIA—H—
éf\%ﬁﬁﬁbf\ﬁé®1h~thbfwwﬁ
Mt AR OMERAE Ry 2. MEOAT — )L & L TH]
@%%T@ﬁ%@akﬁo—wRRPD\%LT%%
2= L Tr=L/2RT)/?* 2%, 2hbD
A = )THNA C, FIHIRRE C ORI 22 R & 5
R, TEOHFESCRE L O, RS R
Koot ThuE, ROIRD I

T, T. D Dy B b

Ty T’ L’ L’ L’ ~ RT,

)\0 0 y oL 9
¢ Re C

-, —, ReEpO—O, pr = 2k

Ao Ko Ho Ao

IR MERITC/NT A —F —TCRMEST 6N, 22T,

Ao/ Ao VEEFAE O BB, Ko/ ko TIREILEGR
L. Re 1% Reynolds #1. Pr 1% Prandtl (. Ro/L
1% 2 D oOgHEH R o FEFEL. Dy/L. Dy/LIF
TNTNORSEHE SO TH L, T LT po. Ao
Ry = AO/(POCp) li‘ %ﬁ/b%i/b‘ *ﬂﬁﬁ%%f@ﬁﬁgd)
FEMEGREL MBS L R EIRRUR CH 5,
7z, KGR ARERRICED R [6] L ot D /=9
2. Kn=ly/L TEHKSNS Knudsen £ Kn #EA
9% &, Knudsen & Reynolds $ Re & ORI

1/2
8"/ 1 lo
= () — Kn=2
he (w) Kn’ "=

LMD L, 22T,
P E HATEE T
hs,

4. FERELEE

AFX— L& LT MBI 2 MacCormack 5% U,
B DR THF N T X — 2 —DZ DY v MK L
T Ialb—yar&iTo7, £, #EEOHDHORE
fle LT, B BE. ED L OHEE OREREY
A Fig. 1 £ 41TR7Y, Aig D 2 DD, Figs. 1
&2 IFEBENT A= =T = 11.0 DEEDFE L
WG OFEREDONAI T, 72858 - BEmEEO 055
é\%%®20\E$324\MF:30T\%ﬁ'
BHEARENXOOBO DG ETHLH, WOhOGE
t/70 = 1000 LA -FF @ T 5 & RO TR

lo FHIEPRECO ¥
lo = (uo/Po)(SRTo/W)l/Q /C'JA‘EQ%Lk

FHEWIC ﬁa%@&&ﬁ&uaé(wW_lmoa
Um_3m01®\ﬁ®%i%a%%ra) r=3.0
DEEIE, & - BHFERIE T = 11.0 O5EICHA

T&F%ﬁ< %@t@ﬁ%@ﬁﬁ@:Rﬁﬁ%T\
T S EU I AU 2L T B SIS N G, DD,
0 < 2/L < 0.9 FLE O#IPH O EEL ClIHRIEN BT,
FEE AL 5 CHEECEAH T B 2 kit kb, 2
No0r 7710k -7, EHEHANERS L OEMth o
EEDAR OHERBIHEIR T & 2 LA, EEimtEsm -
TOWRED [0 OFHEYD. 2 NAZEIE TR RE
BOEULLRRETHLN, BTELH, ZofHE
DEFIRFRI I L BERMEAT & KPE. B (7] 1k -
IThhTHbDT, o &L 7 EH i E s

5.0F ' =
P 3000

P0
4.0t

100

3.0; 50

2.0;
10

N

1.0' 1 ]
1.0 1.5 r/L 2.0

4.0t 3000
Yo,

Po
3.0y T———— 100 ]

2.0

1.0t 2 =
1.0 1.5

r/L 2.0

Fig. 1: The transient distributions of the pressure
and density of a vapor between the coaxial cylindrical
condensed phases with finite thermal conductivity
ratio of Ao/Xo = 30.0. T\V/Ty = 1.5, T? T, =
1.0, D1/L = Dy/L = 0.1, Ry/R; = 2.0, ' = 11.0,
ke/ko = 0.32, Re = 412.03 (Kn = 0.005), Pr = 1.0.
The numbers in the figures indicate the time ¢/7y.
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Fig. 2: The transient distributions of the temper-
ature and velocity of a vapor between the coaxial
cylindrical condensed phases with finite thermal con-
ductivity ratio of A./Ag = 30.0. The caption of this
figure is the same as in Fig. 1.
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Fig. 3: The transient distributions of the pressure
and density of a vapor between the coaxial cylindrical
condensed phases with finite thermal conductivity
ratio of Ao/Xo = 30.0. T\V/Ty = 1.5, T )T, =
1.0, D1/L = Dy/L = 0.1, R2/R; = 2.0, I = 3.0,
ke/ko = 0.32, Re = 412.03 (Kn = 0.005), Pr = 1.0.
The numbers in the figures indicate the time ¢/7.
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Fig. 4: The transient distributions of the temper-
ature and velocity of a vapor between the coaxial
cylindrical condensed phases with finite thermal con-
ductivity ratio of A./Ag = 30.0. The caption of this
figure is the same as in Fig. 3.
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Fig. 5: The steady temperature distributions T'/Tp
of a vapor between the coaxial cylindrical con-
densed phases with finite thermal conductivity ra-
tio of Ae/Ao = 30.0. TSV/Ty = 1.5, T2 /Ty = 1.0,
Dl/L = DQ/L = 01, Rg/Rl = 20, HC/HO = 032,
Pr = 1.0. FDF: the present results based on the
Fluid dynamic formulation [4]. W. nonlinear: the
theoretical results of Onishi & Fuji [7] based on the
general asymptotic theory by Onishi & Sone [5].
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Fig. 6: The steady mass and energy flows of a
vapor between the coaxial cylindrical condensed
phases with finite thermal conductivity ratio of
Ae/ho = 300. TH/Ty=15 TP/T=1.0,
Dl/L = DQ/L = 0.].7 Rz/Rl = 2.0, KJC/F{/Q = 032,
Pr = 1.0. FDF: the present results based on the
Fluid dynamic formulation [4]. W. nonlinear: the
theoretical results of Onishi & Fuji [7] based on the
general asymptotic theory by Onishi & Sone [5].
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Fig. 8: The transient distributions of the pressure
and density of a vapor between the coaxial cylindri-
cal condensed phases with finite thermal conductiv-
ity ratio. T\V/Ty = 2.0, T¥ /Ty = 1.0, D,/L =
Dsy/L =0.1, Ry/Ry = 2.0, ' = 11.0, A/ Mo = 30.0,
Ke/ko = 0.32, Re = 412.03 (Kn = 0.005), Pr = 1.0.
The numbers in the figures indicate the time t/79.
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Fig. 10: The transient distributions of the tempera-
ture field in the whole flow field for evaporation and
condensation between the coaxial cylindrical con-
densed phases with finite thermal conductivity ratio.
The caption of this figure is the same as in Fig. 8.
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