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Abstract

The information on the heat transfer characteristics, flow
pattern and pressure drop is very important for designing general
heat exchanger, refrigerating system, air conditioning system and
energy recovery system,

In these systems, water or lubricating oil contained in wor-
king fluid affects greatly the flow and heét transfer characteris-
tics and this phenomena must be considered in the practical design,

An experiment has been performed for studying the flow and
_heat transfer characteristics of the forced convective horizontal
flow of R-113 under the experimental range of liquid single phase
flow to boiling flow,

Basic experimental results are obtained in the case that
water or lubricating oil does not exist in the test fluid.

Experimental results are as follows;

(1) The local heat transfer coefficient in the nucleate and
traﬁsition boiling region is almostly ten times as large as
that of liquid single phase flow.

(2) The measured heat transfer coefficient in the present ex-
perimental range is relatively well agreed with the predicted
value from the previous experimental results for the boiling

flow.
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1.1 #H#Ed BH

KFEER HR_MHE B2kt KBgEX 2 EBH#EKC B
MEL AHEHERA AXHA, HEHB, Z2XATE I B sER=EY
AdFY REtol =F EESI
ol MRS, ZRATHE, AWARE ARIL X HEY %2
mEe] MEo=2Ye #HAE HIKIZ st BB FL& =

o

2L HHEEGKE FAY EER BEAZUZAA S SEdd EASH
T BB o HE&H] ZA BstA = ol L Hi
<+ REY Zie YA ERBIlHor ¥ EEF FEFelztx 47
ek

X FzAAE olad ¢ ol BB, AFEL HASY L&Y
e BEET ML de R-113¢ ERHEAZ T KHRLT HE
Mol AXE  hEm BmEAC T B oy ®WEH Held —
Kige 2 BMBM/E BASA %L ALY KD X SREHI K
B8 T

X R®BY EXBES=Ec N 7.0m, AR10,.1m, 28 4314 m
mME Aol 4000 me WEE FARG RBHEEES R- 1132
24, BRE AQEHL 3.24f/0h abo]x, REHEEE 1.749 ~

2.713¢ x 108)4¢ /m hr, BHBEHE 1.276~7.108(X10*) kcal /7 hr
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of =Etd WS T

1.2 % WHZR

R’z mmAzme ®itd ddAE, ARBAAAY EHNRX,
mmse Bt U mBENd BY M@meE LED oY
‘M Eel JAE Azude K %ol MBS BASIE
W L@ AW MEAETSN Ko, A EHI ol LK M
Wit BASA FRe A hEsd, A BAAEAET S B
Eh Un orldAE EHBEARY ESHRL'D 2 RE=EKS M
Mmool AT KRS HEKR IV E agstd BAEE

1.2,1 E#EEKXY BT HR

Bo.Pierre®” & KH®E £& 4080 ~ 9500mm, HE 12, 18

mel AF AR AEE FIAstY, EEEE 1.33~12.4(X10%)
kg m hr, BEEE 1000 ~ 26000 kcal/7 hr, AOEE x,= 0.1~
0.29 RRWEAA RHe Fsgc MWEE RE: ERKED 0
~12%0°]", KEEHE R-12, R-220|5} old wHAoF BN
Bk KBS oS3t Rl AAstzm Utk
4P _ (%in-%) G' ; Vm

de —)
L Xm L )¢ A de

(1-D

A7A, vae FHHEROLZ va=(Vitvy)/ 20X, des
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aEBERS KB RE F8R
s FE E ol =

maEEst 0.5 % LT 283 A% RARU-D A4 BERE
po] @tel £ =0.0185(B,-Re" D, WA HEELZ 6~12
%o A f=0.053(B, Re- DT & AAsz o=, ol
EEEy 3 39¥4+ B, slolE24 Red EmEEA e300
I A+

Hatada B2 D AFEEA @EMZE R-22 BEHEA =t P
®o) W mIgodd, oA Lockhart -Martinelli? ¢ HE
& FE% Johamnessen® d WRERE X@= T Aol et
xBE HEL T7.13m, Aoy 5700m, MERE # 1.29X
104 kcal/7 hr, REZEE G’ =625 25 kg/m secq REo] =t

o] MBEE BFEES x=0.59 RBRGEHT A s ot
o g% 2E22d # 10%, 20.1% &HELAE 20% EBES
EHiELe] Emdds ER&ERES 4T Ut

1.2.2 RR_EE HE#d MTE AR

Dengler - Addoms ') & & <ol 6096m, RE 25 4m, T
A 3.175mql EBEAEL FASH, AREE 2.148 ~ 49.3(x10%)
kg /mhr, REWMO BE 0~ 70 %S EHREEA R 24
9o st KBSt Uk

olE T HHETAA BEAHMKT ZEHA 3 ERA AT EBX
e og3 ol Az Ut
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hTP 1 0 5
TP = 3. 55(—-)" 1.2
hio Xt (1.2)

Pujol - Stenning'?)2& R- 113¢ FAste JE®EES Aol 5794
m, R 15,8 mm §l @ES BEOR RESS B 2.223~
5.543 kg o ab, FBEE 0.72 ~ 6.82(x 10° %/ /7hr, HHERK
0.05 ~ 0,48 (x10°%) kcal/# hr& EEEkd A HBEIEK AR
o) ke K& chgd el A4z Utk

hTP 1 0,37
hLO (XH )

=g, BAE 2 BRHAHK  SEBHEHRA dHAxe dw K& A4

st gk
hre _ 0. 90 (ByX 10%+ 4,45 (= Y-¥] oo (1.4)
Lo Xee

Schrock - Grossman'® & &% Flfs 4 ’Eﬁ’;’ﬂiﬁl 7ol 381~
1016 m , P9 2.951 ~10.965 m §l BEES REILH, H
BHEE 0.861 ~ 16,015 (X 10°) kg 7 hr, BAHHo] 1,628 ~

39.339 (X10°) kcal 7 hrol HEREE H3 ‘&KL stged,

e 2 BEBEme AEERLE st el A4S

2
Bre _ 0,739 (B,x10* + 1.5 (._x.l_) 3 ) e (1.5)
tt

7
1.0

Wright'¥ &= W& 18,273m, Qo] 1,718msl A 3} AR
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11.979mm, Aol 1421.,07mel 5 A EHLZ FANY HEHEE
19.338 ~ 123.06(X10°) #g/7 hr, BE 3,744 ~ 23.874(x10%)
kcal /m hr, BH 1.11~4.7943 /o ab, 2 TFTsls Fo o3}
oq RWRE T HBEK L EHBEK ZRRA49 BEERAL
3 ol AAFAE

—b-T—?7 = 0,07 (B,X 104+3.5(X1. )%‘ I e (1.6)
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FoE EKREE ¥ RRGE

2.1 KRBREEY BE

29 (2. )¢ RHEES ®EEES ek BERY 22V
KEBIEASY R- 113 ZEdHoVE #dH EERY = HAHCL
FEYU=E HMsE R- 1132 ulolsia gae os i E
Jo| MEE AL, WwEI ARA R- 113 EhI BE/ B
TR % EHBEIHAA HEKEC MESL KMB WAL

Bamso A WMol Bl BRIP4 ool Figsl
M o] WEse, =T BMBRAE AzzdEstRKse A
BE LEdA <dtol® 23%%Fe] AEAR HEE = U=
RBHES RBES FEd BE Jrelzd mEsld  RBRE®
AODBGURE A BEEM (calming section) o] AT

KHFS ARdE R- 1139 HEKES WEE}Z 9% BE
me BmEHQoM, 2 HONA BES BE/ AEd KRS
BB wHRAA B MEME S % Mske R- 1138 KR
mel MOeAd o4 1 BES BE/ fESL HORERA K
3 wmEHREEYT BES % R- 1139 ER ¥ #EL  Aelz I
B A ok

Aol EAA R- 1139 RS #el £%& S KR E
HEEGH WAE B MEBE HE s, W BRABNE
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ATEA R-113 B12) BUNE RMNNS-] WA FHoe
B OREHE AN BEEAYLE @ AERIIZ Hse 2
24

B 2ot @l slWAl A HAES Ul F4 R -
113 &9 =Hl4wE £ < A =Heo U =, Ao]ZEdr BWE
Bol A= U #E HWE £ 4+ UA HA A
REHBs AE 7.1m, AR 10.1me] HFHESZ BEEM 300m
BER 300 m (AHO), MHBFE 2000 x 2 = 4000m9+ EICE N
® 100m) 3l14amz o gtk

m# el m#Me WREH] 7.090/mq  Fe-Cr#@ge FA
o, ZAolst &L 4700mmgl 67/HS] MBKE Sm HBoEZ MM
B 4000 mme] FIZ H—3tA] RESIS M) Elﬂ].is}gju]-,
KHRBES HNEBdw 200= [MEoz C- ABEH/T FY LR
o T ZRE WES UAdA, KRBES AREES WEed
T+ A shsise

MEite #FX REBHEZA REHAEY BES =31, ZRRY
T vVERH=ZE4, KREMAL R- 1139 BHel %23 B
=5 e E

LE#ol e A4estde] HAI Aoz R- 113K BAZ XK
o R Aol AAHEZS He Ut

BEpEE 2= AR 500m, $A 10m, o] 900me] K M
T FHsId ffFsiged, ABGHIYLE 3/4” @2 HE
400 m RS 19EE sl R- 1130] HHs] AHH=A HiHs
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BEREAP KB A H08
¢ =k
BREEE RERD Y 2L #Hikos =Hel dow, HHAALS
e 24 E=zZ HWimsld HEHR R-1130] FH3l @msA  REs
o o
BEREY s SREs, 44 H4d AHH=ZE e AFFE
o o3td AH"AS} BHAkE FEE2AH, 7FE 1819m, A 2812
m, Fol glamel HHAY Zol HEMSH, o H2r ANIZA
—% #H=F HFT T U B Wistack =, ££d HHF
SolE, AHETY HAOYd RRELEBES FBLE strrold  upoldH
YBE REsY KRT SHAKEY Bgiol LolstA FHHPoH,
2AHK e AR 179 Ss#g FAIFA
el wr: KR fld RREEARY ZRE EEYZE ¥
obule], I EZol 93l WRE R-113& BAAYH =T,
KREBERY ZRS HEBsl 48 RES A=k
Ko Fo FAYT EBRHE o ER, ol EF R, Izt FH
ot} RHREEY FEHR Y K8 BEd LEG S5 &%
wiamstach I, @M%, AFEY I, BRE, XRTE, AlzE, £
spelz el WuEES HH B

2.2 Rms@Ee ABHE

2.2.1 B



HmaERE HAK BAE 1000 W, 2000 W F ANE BEREGH
zzhol o] HFIZ FfEsted MMmE stz U=k

I Hme AR 110m, T4 5mm, o]l 600m<l #MEo=Z S
st o, HBMAES R- 1130 HmEo= Eole} Aol 200mg]
= oje mmEs JE BEBRE AD EAAA mEAs  veA
400 mol A FHE BAR % BMB AFd REY Hnz st
=& #itHo Uch

CHOdE EBEEAMBRY AAd EHNEA Wol R W
2 maAs RESC] Ytk o HYEERMSR K BRABRA
R-113¢] FzEe BES HBYE + A=%, 2 Fied &E M
LelAE BiEel ARFI, 2 NTY BEEAAE #EFESAA S
et

2.2.2 BEZR

BEsS 19 (2.2)% Fol Rtz KRE Adpd £& =
B =k

EEsY BEs Aoz mIT F Ad =AAR HEF A
® 7mm, A 1.2mm, zo] 300mql pyrexfrElz sl gtk &
W BHEE PyrexfElaols # 250m ojy, HWEHEE AH
Oel4d R- 1138 wEpREE BEY + A Rstd=

=3, BEBAE EH3 BEES ARG HEg F v 187
ol T s RESS Ak 2z, BKRFI BMERF} EopolZ
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ATER R-113 5109) SRS SMMEE- Wt AR

slel (347) e Efsle ZAAE HFH {% At gL ok

2.2.3 REBHBEE

HRWAA Ve R-1139 HRS We RE/EEEL A2
C2oA s T, He HwEe WEHAA R

29 (2.3) e ol B BMEET dehdxm slFh Aol 2 Ee
WAL S, Aolzze ARMERel 3.1k ub ab. oA R-113
o #ES HWAMEN 8~ 16msecel B¢ AETRT  ROBRE

Mo 2.20 ~ 1.55mmz SA AolaEd AKEE S0m K

6}9&4 ') Top view

O

Side view Vapor outlet

{

Inlet l ——
(Vapor
and
Liquid)

02

ov

Liquid outlet

Fig. 2.3 Cyclone separator
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BEMERE KPR ALK B R
Abola el WAL R-1139 ZHRS HES M 5H Aojzz
ABHENE H#Bste HAES BOHOZ Hel Ao HESY, #BE
ol Hel otz F WA Hu, BRE BEMOZT  mHRo
TR BET 29 (2.3) A o] &AW HEST AET + I
= fE e ZolAl sz o HWwe LAFEEIYLH ﬁﬁmé%
W=y + U=k

2.2.4 BB 9 FREY=

BREE 3 AFEYIE A—3 B9 Shell & Coil Type M3
BBEA, AT 500m, A 10m, o] 900 me RWEL sNEPos
Stos, BHAZLL 347 FEE 10.05m, 5ol 1m) oz
Aole BB Al 400mX 7 X 24% = 30,160 m, 'ﬂ&fﬁm?]
400mmXx 7 X 18# = 22,620molet  HHAkE HEHNE T4 B
BiNEE BHsA Ak

B ABA R-1139 BE- #85Colz AXI # MO
A EwEZ 30T, BHHAY BES #H—sid 20T oo
2Ly = (85-30) /

7T,
83)=w&1t# Hof, kX EHRAAY BAMMBME 3500 W

HBFHEEZ LMTD =(4T, - 4T,)/ ( In

In €
Bt otH, EMETEAE A =q/ k- (LMTD) = 3.500,/(246.4 X 52.81)
=0.26896 7ol miEaEe BHAY AHol:= L=A/Dxazx=
0.26896,7(0.0164 X n) = 5,22 = BEs} SB3A ==t

HHKZE TEELT #ASYd £4 H4Ez RET AHK BE
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"=z 2 FRAAL SERY SHA H=zs 3, 220V, FEO
1504/min §1 BOYZolx, EEFEY I AHANAH=< BHME, 110V,
Aol 60¢/mingl FEOLOMZE AN H, &£ %32 HKEAG
PIAAY HREAGYnS uwolsl2wrnE FlAStH AEHA H

o glek
2.2.5 WEEE
IS ¥

R-113 #F WHEHE BFRo= & ERAA: £ W=EA
wmEES R-113 AEAcz WA EHNISLEZ K., C.S H°
o Kk KA BEL BRES o HFEAINI

29 (2.4 HEHY BREFZE dehiz Ytk BEFZAE
A KHel #AESIZ Y+t SER AEFEYa, EIREIT L BA
BE AL 4 YA EES S #EA ﬂliﬂj’dffi% R
How Pfo]l 86mmoji, o]R A RHEL 7.8 mm o]
ot

BEFES, EFEERAZA BRI R-113 RREES 1243
Holl HES lWAlelAd st Mk LR EEE HEstA,
Bitel £33 KEste Skl old ERIA=ZS Hn A,
Bit ARdE BES EBHE ARG MEg + A =ZAAA
BESS] Uk

MEHe BFReloz, #HERE ¥ EHY B o=t HE
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Circulating

pump

Fig. 2.4 Calibration loop for float type flowmeter
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Mass velocity G' kg/hzs

0 1000 2600 3000
300 |

Q, L/hr
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Real volumetric flcuwrate of

R-113 Yiquid

100—

| | | | i | |
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Volumetric flowrate from Q L/br

1 .

the original scale of
water rotameter

Fig. 2.5 Calibration result of main float type flowmeter
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B) mEHERE

EREEY &8 BENEd: C-AMEHET FAEA BR
;o] ABREE HEA #MEHAES Chromel - Alumel ERE TR
BESL shol MAESIAT TREH ANAE, BEE NEEE 2
RR® AHO BE+= AL 1.5m2 Sheathed Type C-A (&
HE FAsSgE =3, AEHY EEEHAdE oo 3EE
EE ffrsld AT

100 T ] T ] T T

90 |-
°C = 24.467 *mV + 2.3227
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e
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40 |-
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3
Thermo-electric voltage mV

Fig. 2.6 Calibration result of 3-thermocouples
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MEHS BES HlsE 29 (2.3 2L MEH R BE
£ Mfrsted, 0T~97T WMol oishol, MER= 0.01 Y
EREEHS TEd dHdHE NET 4 RENY AETHL
B, 1 MBS BAERESZ Asgd 29(2.608 2
MRS —HE drha

C) B 57 &t

K@% A0 3 HOAY EAHEE Ase] nLTEE M
WA (RAEE 0.0051 k008 A6 BESL, =U  ouz
9 wAY EEE Mmel UHHES @HF WUF  cledys
RS o
BREAL REEHS MEe] WD 0.0 ~ 2.5k 0b ab. &
B EAHE, HEH AN 3 & RHKET MALdE 2.0~
1649 /oh ab. ol EAFHE KREES EMFAo= BBy

2.2.6 MEN HEHE

2% (2.7 vehd ubel o] MEH M BEEE AK 110
m, F7A Smm, gol 200me WEoT MEsdTk 2 WME 4
Mol BEY MBMKLE TEFLE Y Mol HA sld BFTH
AAEE ¥ % Fol7x m Felaee FrE A AN
mER ANEES <oldoz Fwstd Fed BEZ ER
oz —iEs MET RBAA MY MEHET A A
WEA EY 4+ UA shgs
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otor
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Fig, 2.7 Calibration apparatus for thermocouples
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Hke WESC, BAER #EEEAC HaEEES 0.1T BT
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AFER R-113 90 BN SRMEEcl It #5R
o] BHKEEE Yy kEw e mHMEo= _HMHIRKEE "Ed
£ glow, fofiikEEel W EHRY BERT BEAERS HRRB ol
FgEste HES HAT A7l A Eelt
R-113¢ MEEAHo] 3.2kguh ab. o] Sleld #WI ERS WELT
67.8 : 12 KERS 23.8kob ab, BES WEA ZhaEh K
FEEG A R-1139 @mmBEE 47C BEE L&Y kol A5
stk R-1139 ©£® #iiEs E@.D3F ZHD
#£ 2.1 R-1139 fE
E 5 1.034 1.534 3.2

W % kg/ch ab, kg ok ab, kg ok ab,
Ts (T 47,47 59. 83 86.02

i’ [kcal /) 110.23 113.07 119.29

i’ (kcal/#8) 145.33 147.88 150. 80

v’ (m,/kg) 6.22x 107* 6.76 x 10~* 7.09 x 107*
v (m' kg )] 0.136 0.0936 0.0465
7 (kg m hr ] 1.820 1.591 1,217
te (kg9/m hr]) 0.039 0.040 0.042

k; (kcalmhr C) 0.0731 0.0698 0.0627
Cps (kecal /%9 C ) \\ 0.228 0.234 0.246

o (49 sec”) | 0.0163 0.0148 0.0118
Py (kg /m ) | 0.151x 10* 1.48 x 103 1.41 x 10°
Pg (kg m ] 7.37 10.70 21.5

p, =2 L 5. 683 5.333 4,770
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3.1. EH A &%
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Fig. 3.1 1Inclined type manometer
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Q, = 0.3045 X Q, - 4.4754
Gr= Q,X 10-%x py

G = Gy/A

q714 Q& KWERKEHA EFolH, Q, v RHRKHKY

o MEBEAHEES Jetln gow, o2 HEHARE

AFER R-13%HS] SHIRH SmRmmsdl sy He

623
(3.7

(3.8)

= (3.9)

R- 113

] B ol A 9

BES vz Ax ®&HE F BEHo=: A= D% =

4

%><(7.1><10-3)2 = 3,9592 X 10~° o] £},

3.2.2 mEHEY HE

Mg ERETY MAEEL HEHUHEZ HAEstd

BRI R
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o2 Rsw, o474 R,& MIHOFT 5.57 9 otk wayd R
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FA 7" =& K3k ],

6, = Q/ (2D, L) S (3.11)
2 Frd o+ Ut
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Fig, 3.3 One-dimensional heat flow

through a hollow cylinder
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Pin = 3.2 k§/cf ab,
RUN G(X10%) q(X.104) B, (x 10%)
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1.276 2.318
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1 1.749 2.832 5.145
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1.990 2,834

2.864 4,080
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1,984 2.324

2.848 3.336

3 2.713 3.867 4.529
5.063 5.931
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7.108 8.325
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Fig. 3.5 Wall temperature distribution along the heating tube
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