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Abstract

The heat pipe is a device of much higher thermal
conductance than any other solid materials. Since
this device takes advantage of the large amount
of latent heat, considerable quantities of heat can
be transferred with a very small temperature diffe-

rence from the heated end to the cooled end.

The inclined heat Pipe consists of three major
parts ; evaporator of the part which working fluid
is evaporated, condenser of the part which is con-
densated, adiabatic section of the part with which
is connected them. The inclined range from 30 to
50 degree is known that the heat transfer rate
takes the maximum'value. In this experiment, to
observe the flow state of the working liquid,

the adiabatic section is made from a granite glass.

R - 113 is used as the working fluid. And
the amount of working liquid, the axial 1length of

the evaporated part to that of the condensed,
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the operating temperature and the heat flux are

used as the experimental parameters

In this paper, the experimental results are
compared with the calculated ones by the previous
computer program based on the Rohsenow’s equation
for the nucleate boiling heat transfer and the Nu-
sselt’s equation for the laminar film Dboiling.
The experimental boiling and condensation heat
transfer coefficients are well agreed with the cal-
culated ones. The heat transfer rate is increased
appreciably with the increase in the mean operating

pressure.
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MpERXEDHE dEtuxs ReE g8HA gk, 23d FAR
MERE & Ay , EREZSA #WEol M#HE
BEmol RASHE, = MHE AR #BPST, LARFABA 2
WMol ARt BHEEHE olSshe, vUUAR REHEFE
ETE 2%t BRXEDS RAPA7I ez A4Lrt.
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A% MH/EY  HREI  EEHME (Wall superheat)s}
BB RS VSR BREY & 2E& ol A7y o
qrb. 2t slEwo) mof ol mEXE ol Hx g
o T B ST EEiEEC] XErR X KRIAME BR
of Y Re EANAN AR ERBES MEUt.

F-Z WK (Pool boiling)# iR BREBEBHES BHNE 3,
Mg cisted= W@ A9 Ro] WES T 929 Rohsenow?)

BEXS 20 g3 Zo] Hrt.

Cp1 (Twa —T5) Qbm a 1/2_1/3
——_=_ ' _C, Pr, 17( 2.19 )
4h, ‘ [#:Ahv gppn’ 1 O

T, Co =t H# (kJ/kg°C), Cu = mMEBREL KM
Haol nheh gEEHE BH, LT 0.003 - 0.0208] W, 4h, =
BB (DY %) (kI/ke), £ = EHMBEE (n/s? ),
Pro=(Coty /ki) = tHFIARS) ZTEHW, om = BB EH 2 (kw/nf
), Tw = BRW BERE (°C), T, =i WRAERE (°C),m =
AHS HUEE (ke/ms) , p,p, & 27 HHWS WAKK
EE (ke/m ), o= MEREAMN REEH (ka/s? ) olt}.

2.3 2YH¥ X~ (Conductance)® Qo] 2|3 MR

S Euto] mol = MERES 8% @M (Mechanism): Fig.
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2.30] LhebW wbol o], the el 3hA T HEEP .

RH, slExbel = HEE Bsho] AEMAO A FEEKML
WA REAM ABW, Ex, EB#oN B@@Ie
ZEZ 2o A% Bao BAWZo W, AR, BEH Eo
g A - MFEENM RMol WEL Tshol M ol
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slExtol= HEE BTolod Mol MEHE BES Fof
(Fourier)is fl& FIMstedl %ET 4 Ao , o EAL
AT, BEEC sl Yojut MWEE Q@ ctistel g
®oz uet 34 g

Q=% (T\-T,) (2.20 )

TLRE MERT, T o8 T, £ A7 B® EEolt.
Fig.2.30] uepd sho} ol slEntol = mA MKKS 2ol
tistel, ®(2.200¢ WANT, Ul mRT T2 A%
BES A, ohelel B 2ejTTh.

ZBM BE:
. In(r o/rhi)
To-Tw= —popog @ ( 2.21 )
RER AR
wa‘_'Tl 1

= hman @ (2.22)
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2rLlpk

1n(rcc‘/rci)

2nl.k

E ¥,

hcm'Aci

(2,28 )

£3, Fig.2.30 ety MEH S B2S AEASY,

Upp =

3 dojFh.  o47A, R,

A, Ri+R,+R,+R,

(2.29 )

ZBBA AolM EKol 2%

MIEH, B2 ~ BRW WEBEN HAY fEBK 2ol Mg,
Ryt BUE® BRI FBHKE ol MER, Rt Bl

ol T WEHE hep S,

FAS, o] EHEES $AM e R (2.20)

Zol EAu.

— In( Tno/Thi)

R 2nly k
1
R, =
2 ham Ap;
— 1
‘ hcmAci
R5: ln(rco/rci)

2zl .k

2l Ryy 0] A% fleojr =2

fA@styY o3

( 2.30 )
( 2.31)
( 2.32)

( 2.33)
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Fig.3.2 Detailed diagram of test section
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SERI, 3 Sl thA REPES TUT. LEVES KR
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BOMESHRATH. B2E S0 Aold g: MEEE ws
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UEMED MES 9T MEHI 2N WEAAL. 2
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EEEES  MEstr 1T AEHT HEHA  dov,
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Fig.36 Photo of evaporating coil rolled cooling
tank

Fig.3.7 Photo of the inside of the cooling tank
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G . ol HREES Tl U0l REER, Ehnl
BEE, WU AE, RO BED KRR, oM
HEHDE Fo0 BRY U, & ®mERo &EY
2 pelnl, T ARE R - 120t
Fig.5.9% WA MY MEH Fold o mafol = o pyig
RIES ol MER 213 RED BRHS Ui 9.
A Bmold @AY TS MEHL 50 pme Chromel-Alumel $iH
Beb B IR200 pmel 4] 2% MEH S W Wel ol g ol A o)
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Fig 3.9 Calibration results of 2-thermocouples
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Table.3.1 Calibration results of C - A thermocouples
by least-squares curve fitting

U oo 2033 - A + L2306

L2 T=2d. 000y N r 2.o141
NG S Yz21.2570 N 4 1.7282

NoLd y=24..140 - X + 2.0254

NOLO Y=z4.0121 - X + 2.4535

NO . B Y=24.2641 - X + 2.8435

NO LT Y=21.1998 - X + 2.1528

EEDIN v=01.49020 -x 0+ 1.98612

NOL 12 Yv=25.2203 X+ 1.6195

o]

New 13 1=21.6198 - X+ L0634

Nel 14 Y=21.4133 - X+ 2.7820

Y = Temperature ( °C
Y = Thermoelectiric Voltage ( myV o)
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Table. 3.2 Property values of R-113

Property 0.037 MPa 0.04 MPa

Ts (°c ) 20.23 21.96

h (kJ/kg) 214.98 216.54

hy, (kJ/kg) 367.32 367.93

# (kg/m-s) 0.693 x 107 0.677 x 10°
vy (m2 /s) 0.440 x 10° 0.431 x 10°
k, (kJ/m.s°C) 0.738 x 10 0.734 x 10°
Cpi (kJ/kg - °C) 0.950 0.952

o (kg/s? ) 0.0177 0.0175

P (kg/m ) 1572.6 1567.3

Pv (kg/m’ ) 2.913 3.134

Py = Cp - /k 8.92 8.78
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Table.3.3 Range of Experimental parameters

Kind of working fluid

R - 113 \

Inner diameter of heat pipe d mm

-

Ratio of the amount working fluid
Veo(= Vi /W)

0.17, 0.22, 0.28
,0.43, 0.50

Total length L; mm 1000

Ratio of heated length to cooled 1.33
length L' (= L;/L.)

Mean working pressure P MPa 0.02 - 0.05
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Fig.4.1 Comparison of the measured inner
temperature with saturated tempergture
from the measured pressure at V'=022
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#(4.1), £(4.2), X (4.3 ZEBEHS F BEEHRE
BMEme ®ESRB  THREFHRBEE £F HEI 5 Ao
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Fig.4.3 Mean heat transfer coefficient
in the heated section
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Fig.4.4 Mean heat transfer coefficient in the
cooled section
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5| E plo] ®o] B§3t Program 3 R-1132] ¥ @

100 WIDTH "LPT1.",130

110 DI¥ Q1(500),Q2(500) ,HCH(500) ,HEM(500),TWC(500), TWR(500),P(500),P8(500),BL(50
0),BG{500),VSL({500),EVSL(500),8(500),T(500),TCL(500),CPL(500),5GM(500),DL(500)
DG(500},PR(500),A(500),A1(500),A2(500)

120 LPRINT "Ts['C}";TAB(12);"Twc['C]";TAB(23); " Twh[’C}";TAB(35); "QIEW]";TAB(
44);"Qhm[EN/MZ]" TAB(58);"Qem(EW/H2)"; TAB(T1); "Hba[RW/N2'C]";TAB(85) ; Heu[EW/M2'
C]";TAB(102);"Th(’C]";TAB(113);"Tc[ c]"; TAB(124);"U[ C/¥]"

125 PRINT "Ts[’C]";TAB(12};"Twe[ C]";TAB(23) ;" Twh{'C]";TAB(35); Q(EW]"; TAB(
44);"Qha[RW/M2]";TAB(58); "Qcm[KW/N2]";TAB(71);"Hha[EW/M2'C]" ;TAB(85) ;" Hem[EW/N2’
C}";TAB(102};"Th[’C]";TAB(113);"Tc("c]";TAB(124);"V[’ C/R¥]"

130 G=9.810001 '[n/s"2 ]

140 BC=1.12:RI=8.0000018-03:C3F=.0047:PIR=3,14152

150 RHO=,039:RC0=.013

160 ET=.12  '[Ew/mk]

170 LC=.3:LH=.4:78(1)=283.15

180 I=1

190 TS(I+1)=18(1)+1

200 GOSUB 540

210 PE(I)=CPL(I)sVSL(I)/TCL(I)

220 PS(I)=(1/.1013)8P(1)3760

230 T(I)=18(I)-273.15

240 GOSUB 270

245 IF 1=50 THEN 260

250 I=1+1:G0T0 190

260 BND

270 "ssx13288Q1,Q28 88888843

280 TWC(1)=T8(1)-5:TWH(1)=18(1)+5

230 POR E=1 T0 100

300  TWC(E+1)=TWC(K)-.5

310 ACI=28PIRSRISLC

320 A=G3(DL(I)-DG(I})

330 DEV=BG(I)-BL(I):DTC=T8(I)-TWC(K)

340 HOM(E)=BC34/38(ASDEVSTCL(I)"3/(4sVSL(I)sDTCILC))"(.25)

350 QI(K)=ACI*HCM(E)3DTC

360 FOR X=1 70 100

365 TWH(I+1)=TWH(I)+.5

370 DTH=TWH(X)-T8(I)

390 AHI=2¢PIRSRISLH

£00 QHM=VSL(I)sDBV/(CSP"3*PE(I}"5.1)8(A/SGM(L))"(.5)8(CPL(L)sDTH/DEV)"3

410 HHM(X)=QEM/DTH

420 QZ(X)=AHISHHM(X)SDTH

425 TF TNC(E)< 263.15 THEN 250

430 IF ABS(Q1(E)-Q2(X)}>.001 THEN 510
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440 AA=PIB*RI"2

450 TH=TWH{X}+LOG(RHO/RL}/(24PIRLLHERT) £Q2 ()

460 TC=TWC(K)-LOG(RCO/RI)/(2¥PIRSLCRET) Q2 ()

470 U=Q2(X)/ (AA*(TH-TC))

80 QHK=Q2(X)/ANT:QCH=Q2(X)/ACI

490 C=073.18

509 LPRINT USING "4 H HEHE HEHE 11 811

110814 Hi 11211 HE M B Y BRSO

yTHCTE, -, THH(X)-C.Q2(X), QHN,QCH, HHM{X)  HCH(R) , TH-C,TC-C,U
504 PEINT USING "$44. 44 HEE B N 11 11

HE i Hi b .44 P B BT TS(I)C

THC(R)-CoTWRIX)-C, Q2 (), QHM, QCH  HEM () HCH(K), TH-C,TC-C,Y
510 NEIT X
520 NEXT K
530 RETURN
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540 REM PROPBRTY OF R-113 LIQUID AND GAS

580 REM SAT.PRRS.VERS,TEMP TS=EELVIN.P=MPa

560 IF T8(I)>=316 THBN GOTO 590

§T0 P(I)=.5825007-1.025694R-038T8(L)-1.735168B-05¢T5(1)"2+4.9449318-08578(1)"3
580 GOTO 610

590 P(I)=1.063357+3.42884B-038TS(I)-5.8947458-053T8 (L} 2+1.2131898-07518(1)"3
§00 RBM ENTHALPHY OF SAT.LIQUID VERS.PRRSSSURE  BL=KJ/KG

610 IF P(I}>=.2 THEN 700

620 IF P(I)>=9.000001B-02 THEN 680

§30 IF P(I)>=.04 THBN 660

640 BL(1)=180,3784+1686.5138P(1)-28916.758P(1)"2+232333.78P(1}"3
650 GoTo 720

660 BL(I)=192.6635+764,7TT58%P(1)-4797.6318P(1) 2+4146892P(1})"3
670 GOTO 720

680 BL(I)=83.36841+43162,578P(1)-21334.96¢P(1) 2449524, 145P(1)"3
§90 G0TO 720

700 BL(I)=218.332+4225.34674P(1)-265.1918%P(1)"2+155,15473P(1)"3
710 BEM ENTHALPHY QFSAT. GAS VERS. PRESSURE  BG=RJ/KG

720 TF P(I))=.2 THEN 810

730 IF P(I)>=9.0000018-02 THRN 790

740 IF P(I})=.04 THEN 770

750 BG(I)=345.6313+41056,4258P(1)-17849.828P(I) "24138547.83P(1)"3
760 GOTO 830

770 BG(I)=344.5355+904.5793¢P(T)-9727.616¢P(1) "2+443102.213P(1)"3
780 GOTO 830

790 BG(I)=126.939+5574 4543P(1)-39861.15¢P(1)"2+93998.21¢P(I}"3
800 GoTO 830

810 BG(I)=370.37968P(1)+126,2384%P(1)-152.2844%P(1)"2+85.858943P(1}"3
820 REM DENSITY OF SAT.LIQUID VERS.PRESS  DL=EG/M3

830 IF P(I))=.2 TERN 920

840 IF P(I)}>=9.000001B-02 THEN 900

850 IF P(I)>=.04 THEN 880

860 DL(I)=1679.684-5216.607¢P{I)+89493.088P(1}"2-720821.6¢P(I})"3
870 GoT0 950

880 DL(I)=1626.696-1654,9648P(1)+3868.1473P(L)"2+410018.958P(1)"3
830 GOTO 950

900 DL(I)=1541,005¢191.73423P(I)-7234.4678P(T)"2420513.548P(I)"3
910 GOTO 950

920 DL(I)=1557.059-644.34233P(1)+638.53813P(1)"2-334.90248P(1}"3
930 GOTO 950

940 REM DENSITY OF SAT.GAS .VERS.DG=EG/M3

950 IF P(I)>=.2 THEN 1040

960 IF P(I)>=9.0000018-02 THEN 1020

970 IF P(I)>=.04 THEN 1000

980 DG(I)=1.9926078-02+86.031768P(1)-302.42418P(1)"2+42368.0688P(1)"3
490 GoTo 1050

1000 DG(I)=,1413574476,903918P(1)-60. 443548P(1)"2+144.68868P(1)"3
1010 GoTO 1050

1020 DG(I}=5.62265-48.50523%P(1)+869.02088P(I)"2-2089.2883P(I}"3
1030 GOTO 1050
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1040 DG{I)=.565504469.201588P(1)-7.1695083P (1) 2+7,6185998P(1)"3

1050 REM VISCOSITY OF SAT.LIQUID VBRS.SAT.TEMP VSL=Kg/ats

1060 IF TS(I)>350 THEN GOTO 1120

1070 IF TS{I}»>=310 THEN GOTO 1100

1080 VSL(I)=(8404.832-25.281618T8(L}-6,4108368-023T75(1)"2+2.068362B-04875(1)"3)¢
10"-6

1090 GOTO 1150

1100 VSL(I)=(5087.191-15.857664T78(1)-1.6267458-028TS(1) 2+46.6167158-058TS(1) 3)¢
10°-6

1110 GOTO 1150

1120 VSL(T)=(4510.971-22.27578T8(1)+3.583951R-028TS () 2-1.745217B-05878 (1) 31!
0"-6

1130 GOTO 1150

1140 BRK RINRTIC VISCOSITY OF SAT.LIQUID RVSG=al/s

1150 IF TS{I)>= 350 THEN GOTO 1210

1160 [F TS{I)>= 310 THBN GOTO {190

1170 RVSL(I)=(4.114211-6.53933R-033TS(1)-6.52737B-053TS(L)"2+41.52988-07278(1)"3)
£10°-6

1180 GOTO 1240

1190 RVSL{I}=(2.926362-8,507068-03¢T9(1)-1.22537B-0587S(I1) 2+4.2077B-0887S([)"3)
£10"-6

1200 GOTO 1240

1210 RVSL(I)=(2.604066-,01231338T8(1}+1.86498R-058TS() 2-7.69998-09¢TS(I)"3) 210
*-§

1220 GOTO 1240

1230 BRM SPECIFIC HEAT OF SAT.LIQUID  CPL=RJ/EgtK

1240 CPL(I)=-2.456191+.03016534T8(1)-9.10898-05¢78 (1) 2+9.48998-082TS(I)"3

1250 REM THERMAL CONDUCTIVITY OF SAT.LIQUID TCL=KJ/m$K

1260 TP T8(1)>= 320 THEN GOTO 1290

1270 TCL(L)=(151,4319-.3162698T5(1)42.22137R-0487S(1)"2-1.58555R-071S(1)*3)¢10"
-6

1280 GOTO 1310

1290 TCL(T)={139.2252-.173927478(1)-3.111268-04%T8( )" 2+4.90983B-07415(I)"3) 210"
-6 ’

1300 REM SURFACE OF R-113 §GH=Kg/s?

1310 IF T8(1)>=350 THEN GOTO 1400

1320 IF T8(I1)>=320 THEN GOTO 1380

1330 IR TS(I})>=300 THEN GOTO 1360

1340 SGM(I)=(56.94015-,0984495¢T5(1)-3.25038-048TS(1) 246, 9749R-07¢TS(L)"3)810"-
3

1350 GOTO 1420

1360 SGM(T)=(38.93746-9,3025218-03378(1)-3.01344R-048TS(I)"2+2.93385B-072T8(1})"3
810" -3

1370 GOTO 1420

1380 SGM(L)=(64.57673-.1392164T8(1)-2.3363B-04¢78( ) " 2+5.6873R-07¢78(1)"3)¢10"-3
1390 GOTO 1420

1400 SGM(I)=(77.3709-,3257564TS(1)+5.4514B-043T5(1)"2-4.3386B-072TS{I)"3}110"-3

1410 GOTO 1420

1420 RETURN
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A Study on the Design of the Torsional Vibration Viscous Damper
for the Crankshaft and Developing of its Performance Simulation

Computer Program
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