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Condensation of superheated vapour inside a- horizontal tube
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Summary

This report deals with the condensation of superheated vapour of refrigerant R11 and R113 flowing
inside a horizontal tube, Thejtesttubeiused is of 21,4 mm in inside diameter and 4m in length, which is
cooled by water flowing in the outside annular space in parrarell ;and/or counter direction, There are
represented the distribution of vapour temperature, vapour pressure, wall temperature, cooling water
temperature, convective heat flux, condensation rate, void fraction etc. along the tube length, and the
cross-sectional distribution of vapour temperature.

From the data, empirical and semi~empirical formulae are derived for the local convective heat-transfer
coefficient hetween vapour and liquid-vapour interface, for the local frictional pressure drop by using the
Lockhart-Martinelli parameters, and for the local heat-transfer coefficient of liquid film, which is affected
by the condensation rate, shearing stress at the interface and hody force, Furthermore, there are shown
some examples of the application of these formulae to practical problems, and are discussed the effect of

superheating of vapour and the accuracy of the empirical formulae,
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— 30—

I

WEF524E 6 35

BRSO TP BRI 569

X10%
i i)
‘ T
0 X100 VR WA 17X107%g /S (= 150kg/h ~ 04
?~ 7 80 AR MP‘TW 50C | ol
Alzﬁaf B Too 50°C |
)‘d:xi@f.’elﬁjAT.u (X P N
gl ol . -t
|
\ 0.3
5l 1.0 120
E ~ 0.2
® o g’
0.5 =10 ¥ 8
21 R =
-10.1
1 B ) 1 -t
ol 0 ! ] | i
L 0 ) 50 100 150 200 2500 0 0

Zfd

820 (a) ERROBEOHEER (ANLBMENHEOSMTS L 5 BH, RI113)
Fig. 20 Numerical results for the cross flow condenser; the effect of inlet superheat
of vapour on the distributions of various quantities.

Tv, Ts, To, b, qo, qi, 1, 1—x, P—P,, 7o O
BHIRLCHD. Bl-—HRCALLBEE IR D
BRIIET B E, go BATICDNWT B I
WAL, Z2OREGADNEHCRIEE v ZEDR L,
2/d PWERT DI DN C BME RN HNEE K& R
S>TND. = g EBEENENEERE L, (),
(1) OBEIE g0 © 60 BIEIHE L TWD,. o,
qi & om B HET I, ¢ LD g O BENAE
SMBEEE mGINES DTN WHNITHD, L
TR 5T, A RED S I BEE D /e DI I
S (R/d) w0 WALNRBE NS BT LEL LD
BIZEW =4, 17x10" 2 ky/s D& (a), (b)), c)
CENEN (2/d)u=o=2006, 226, 248, W =2, 78
0 2kg/s & & (d), (e), () TcEhEh (2/
dYeay =170, 185, 201,

W R i g2 &, AddsE—0 2/d
FCOERERE R A SEE D < b1 A&
S>TND, CNidd s LT . DWW LD @
DRI LD LD CH D, b, Al

REFRIGERATION VOL,52, NO, 596 — 31—

I‘:’Wﬂ%wgﬂ Ell—D 2/d D T B REL, FhZED

AR OWRPE LGNS 2D, (4.8 H0E 1
aWAg<aD,ﬁ2m#m§<mé.

M Ced, (£)ITWNT, 4t 0 10ELE-TH
Ty & Ts B LTWiEW, Zhig -0 T a—0
2Bz, K @.6) O FINSLRY, FORE
SR O WG HEHOT BLARBZIDTH
P

) o

42 CEERENRERBZESECOVTO
L
COBAET (4 D~(A.5) HRIRHCHR BB
DD, WHIKIID BRI he ICRIGRED % I
b

Nue=0,027 Rec®8 Pryl/® (pn/ prw)? 1+ (4.9)
BRI HEH L Lc@e (a), (b) OFHRun
DG LV DITD. FAIFERL O MRS
RO FRSNTNSEEE~-CH D, FHHED 7

e g - e RI2NCR Y, ARG ANEE 6 i i

JUN » 1977 e




<

(W/m?)

Gos i ©

X100 X10°
7r

3

T

(W/m?)

Gos i

T

Tes Teo T,
S

EIFT « AT « B - )BT

0

KB WA 17X10-%kg/ S (=150kg/h)
ARZEAIAE T 80C
ANRRAIERE T,o 50°C
ADBHEAT, A0C

P-P, (B}

(N/m?
(ke/m?S)

5

110

100~

0|~

80

60

()
=
]

ie

m

{e) HEWL17X10"%e/S (=150kg/h)
ARBRIRIE 110°C
ADGEHEE 50T
AOR R 60C

s (Pa)

PP

KB 5 2B 5963

HAfn524E 6 A5

WEAFRE D IKTAE PIGENE 571

110

T T X100
100 P-P, -0
90 - -
(d) B W2.78X107%g/S {=100kg/h)
AH 'J% . 50C ;;
4 10° ARSI T, 50:C 2 —04
?EO ;< ! 80 k- RUBHEAT, 0°C 4 e 0.4
| i
£y,
[ 6 ~| -3
0.3
5l 5t 10 2
o T
. § 55 a N . 0.2’\
o -, o
Yol <l SiE | =
: 1T 1= =
-105 10 e -8
9oL 91 ~ -
—0.1
- 1} - - |
ot [ 10 1 1 { 1 - =
9 50 100 150 w0 " 0 0
Zid ~
® 21 (d)
CRINTND, 2L 4mm, & 4mOKPEN TR WHRO®

e (a) BFIFRciE W 2 LRI K S NS4,
(b)) e W R /NS WBE&THD. (a)
Gl Tr %W < 4T O FH SRR & & 1E—4 L T
WD, I OIENEET Ty OIS 5 0
K& mDOK, BEREMEL, BRI K2 WH
e St 0B (3.80) £V ERDH T HICE
Hrpsd, LivLcofmcn Tr OR—Freko
B g0 K G A2 EEREE NN EBWD T, (3. 30)
ELD HFEBC FANTH BUERRNCHAD.
(b) Tk (I—2) & g0 %R < ATO FHEHER: F25k
BlFE—FLTnd, (A—x) & q O R—Kit,
h DEBRE P AR G.40) XVBEECHDC &
KER2DDEEL5N5D,

5. #

B R11, RIS ORIFIES I & ORGSR

Y

HIKWC & - CHMET DB OEEFLITY, B2 HEs
WBFEG ORI TREMBE RS X UBRTBEIRE N C 5
ISR DR, o K CIRIEOHEIEICE 9 2Lk
KERBE Lz, ZLTCINDOR AW ETOREL
AR IR Ude. 70 RER 1

(L) [RATH 2 BEBT I T O e I iR S O 2
B, ARERRERG R G.23) cEiove
Nd.

(2) BEEKH O FFRES, EEE,
MEEEOR, BEE L CICBERRIREIC XD
K& BT D,

(3) EEFEKHO WHEEE LT, #EE
(3.30) 70D,

(4) WEOREECML T, KEhoRENKE
WEEIIC D W T BRI 2 & v+ B oDz (3. 39)
IR DInD,

(5) ARz L, Rerz700 [2DoWTiEk

REFRIGERATION VOL, 52, NO.596 33 — JUN « 1977




HEFHI o RFEE] « FEE - JILEET

110 T T T X108
100 ¢
P—P,
90 —
X100 X1 o 0.4
T 4
oy
3
O
6~ Bl 43
40.3
5 5 1.0 20
' 41~ ,,i { |- -
55 =] B n 0.2
3k =3l 4 12| =
—H0.5 -0 ¢ '8
_ 9]- B i
’ ) 0.1
- 1 4
— \
B g : T e ! ! g Ay
0 0 100 30 100 150 200 0
724
= 20 Ce)

X (3.40) ¢ +16%DREECTFMIED . Rer<
700 ClRSSREETIM I D BB O Y B A S,
(6) HEEZROBEOBREETMICR, ALLRRE
NEFTRERICEE R 54, 2 ORI B
95 FC O EdJ‘L< TV, EIERE T AKX
D, Tl Ul AR OF R VNG
i, B e ERISH T R b TN
BLEHPIRINTND.
RIS, TSI OBVE 2 B2 EL L O i v 2=t
w3 A VEICHEIE A KT L.

B R X W
(1) (LU, (1958), L lglhe
(2) McAdams, W.I1,, Heat Transmission,
Third Ed. (1954), 351, McGraw-Hill,
(3) GisE, 2%, Wil 38442 (1964), 1
(4) Jakob, M. and Evk, S., Forschungsarbe-
iten, 310 (1928).

i S5V H5965 — 3

(5) Jakoh, M, EM» 244, Zeitschrift V. D, T,,
73-42 (1929), 15617,

(6) Jakob, M. 1FE 244, Forschung, 3-4
(1932), 161,

(7) Jakobh, M. iE» 244, Phys, Zeitschrift,
36-3 (1935), 73,

(8) Kirschbaum, E, @2 %, Chemie-Ing, -
Tech., 23-15/16 (1951), 361,

(9) Miropolskiy, Z. 1. &2 44, Proe, 5th
Int, Heat Transf, Conf,, 3 (1974), 240,
(10) Tauske, . K., Proc. Heat Transfer &
Tluid Mech. Inst., (1961), 79, Stanford

Univ, Press,

(1) W - A, S5 L FARGERRS oA Y Lall

#, (1974) 223,
(12) Traviss, D.P, #5284, Tech. Rept.
79760-64 (1969), Heat Transf., Lab,, M.L.T.
(13) Kinney, R, B, and Sparrow, E.M,,

MEFN524E 6 35

I FAREGD ICPAE PIBEHE 573

110 s T T e
100 Ao
4901 PP
0 X0 X 10,4
>7<1— 8 3X107%kg/$ (=100kgrh) -{
Ty 10C &
AR T, 50C !
AR AT, 60C &
Gl > -3
-10.3
5 Lo 2
Z & 6.2
2 - =] =
&3 = - = 1\,:‘,
6.5 0w B ‘=
71
-10.1
1}- _
o -1 L aP i
! By 100 150 G 0 i ()
Zid
20 ()

Trans, ASME, Ser, C, 92-1 (1970), 117,

(14) ASHRAFE Handbook of Fundamentals
(1972), Am. Soc, Heating Refrtng & Air
Condng. Engrs,

(15) Lockhart, R, W, and Martinelli, R, C,,
Chem. Engng. Prog., 45-1 (1949), 39,

(16) Soliman, M., i/ 244, Trans, ASME,
Ser, C, 90-2 (1968), 267,

(7 WtEar 4 &, FEGER, 42--362 (1976),
3541,

(18) Whalley, P.B, &/ 24, Multi-Phase
Flow Systems, 1 (1974), 1.

(19) von Kérmén, T., Trans, ASME, 61-11

(1939), 705,

(20)  Dipprey, D, F, and Sabersky, R, H., Int,

J. Heat Mass Transfer, § (1963), 329,
(1) WSHE 4 44, KSHEER, 760—16, (1976),
134,

REFRIGERATION VOL, 52, NO, 596

(22) [RETHEH, WETS 3 (1975),
H ARSI R4

11 ROREGFHEEOHEX
Traviss"® & IC Joid BN O R v*, 1
RIGRE T wzhzhikAcH5zo6nd,
0<yt<hb ¢ vr=y*, TH=Prry*

5<y*<30 T vt=—3 055 Iny",
T*=5 Pri+5n{1+Pr.(y*/5— 1}
............ (AL 1. b)
30<yt ¢ v'=5,542,5Iny",
T+=5 Pri4+51In(145 Pri)+2.5 In(y*/30)

WL 6 NERS d W[ IERTH NS W AICI,
BORESTPLRE T i cRb s,

77:Sg 'y]‘dy/ 53 -vdy .................. (A 1.2)

35— JUN « 1977




B « AT © B JILEBT

|

da () BIE

| A7 COERNMERT Y |
l
h Sp e

{
R DiEsQEmG.cNEAETS |
{
#(3-23), 4=7) L Y Re, R(3—40)% VA
BEA

{
[ RAG-2)kk s Qe cnzaRys |

Q*E (41 &Y 4x=(Q*~ poCpu
Si{Ty—Ts) ndidZ ) WLIZIEIE

Q=(Q+Q@)/2 }—

| A-3) & ) ToRAE |

Qe (4-4) &
R(4-3)TTo%d

NTo&RD,

ARGk LB Qe 21k QU TS |

- 5525

L—1 @*=(Q)+au)/2

®

Q*r K45k Y T# I

YES

[ R{—8) A2 TORER TR 5 !

Fig, 21

6%

BN —_EEROBAEOHE

— 36—

7 m -9 % -t
Tlow chart for the calculation of double tube condenser.

fEfn5245 6 A4S

BBFESD IR

=TT T TTTTT] YT T T

e
& ot Tl v daend o1t
10t 5 10° Re, 5 10°
1 ! ol H 1 N O A )
5 10 o 50

4 1
Fig. A

Tsupt & Rer OB

Plot of T*sup vs.Rey.

# (ALD, (AL2) &V, BOBEEIEIT DM
j_fjﬁ"g;T*'sub:pL CpL ’\/Tu/[)L (TS”“T-L>/‘70 =8

T"'sub:g?{l/(l/f’rj, +Enfvr)tdyt

“X?”"LT"L dy* /Sg'* ot Ayt
FRB. WEE—RBRBEY RET N, 0 &
Rer BIRACHRAT NS,

Rer=4W (1—2)/nd pr=4{ v* dy*

Lot THsup 13, Rer, & Pri 0)&]%&& nD. %
DR 2 R 1IRY .

{Tj.ﬁ'i 2 Uz,

B4R Y7 VT,
DHE v OBFRIZ
t={pr+ oL En)du/dy oo, (A2, 1)
EFEDWD, viC Karmin O—BIHE
0<y*< 5 T vr=yteeennns (A2.2,8)
5<y*<80 ¢ vt=—3,05451In yt
(A2.2.b)

Uy ®§+§
WEIRIND WA« & Ff

T v+:5.5+2,51n y+
v (A2.2, ¢)

30yt

N
0<y*<30 ¢ ¢/rp=1

0<yt T o/ro=1——ri/70)(¥/D),
Em/vry1
EEETNE N (A2.1D) XD En OOHEIE
0<yt<BE G Em/fvp=0 «reeeeereens (A2.8,a)
5yt <30 © Enfvr=(y*/b—1)
............ (A2.3. 1)
30yt < &n/w,:fz%s»
{or—Q—zifro)y*?/ot}
............ (A2.3. ¢)

REFRIGERATION VOL,52, NO, 506 37 -

EB,

5 R o &k ORI T A o W AR 0 TR B S 3. 3 #i D

R (1)(2) &b

0% vz

[l waiici 7

........... (A2'4 a)
T S PR 2 K i tate-aead
L B P
+gprsin =0+ (A2.4, b)
LG, VA 7 VRIS

—pr v vi’ =pL Em(Gvi/0x;+0v;/02)

oL, UK UKL e Dig/Beerenrrrinieennns (A2.5)

exbEnsbOLMEL, K (A2.5)%K (A2.4)

WAL, INWELELZ LT LERESTLE

(/lL 'l—[)L 871()“%%}5‘:702 + ill; ¢ V=Tyz
............ (A2.6, a)
N
(urn+ 01 Em) OaT;f =gpLsin ¢+ (G—3) =1y,
............ (A2,6,b)

rEend, h (A2 D BLUH (A2.6) XD
dvit=rtyz/t=1y2/ '\/‘L'yzz +ry¢_2:d°0+

(A2.7. a)

dvgt=tye/t=1ye/ Viy.® - typ? =Typ/To » dvt

(A2.7. b)

NIRKROBEN %R,
0<y*<5 ¢ wt=y7,

vyt =g sin g+ *2{ (/6

(/3 (e 1)

5<y*<30 T wet=—3,05451n y*

v, =gvresin ga-{&”(-és-:

)l
Mi~5>}(ro/p1,)~3/2 . (A2.8.b)

0<yt ¢ vet=5,5+2,5In y*

vt =gvr sin (,0-6+{5+2_ 5lnl2

_62.5 RSPV
2.512.5(n y'—y+/ )}
(to/0r) 32 ermsnennnnns (A2.8. ¢)

JUN « 1977

575

0 —— .
gyt Py v v Ty 0




