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Characteristics of Heat Transfer and Pressure Drop of R-22
Inside an Evaporating Tube with Small Diameter Helical Coil
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Abstract

To make compact evaporator, experiments that show characteristics of evaporating heat transfer and
pressure drop in the helically coiled small diameter tube were taken in this research. The experiments
were performed with HCFC-22 in the helically coiled small diameter tube; inner diameter=1.0(mm),
tube length=2.0(m), and curvature diameter=31, 34, 46.2(mm). The experitnents were also carried out
with the following test conditions; saturation pressure=0,588(MPa), mass velocity=150——500(kg/mzs), and
heat flux=1~5(kW/m?). The experiment results are that the empirical correlation to predict heat
transfer coefficient for single phase flow in helically coiled small diameter tube was obtained. It was
found that dry-out is occurred at low-quality region for evaporation heat transfer because of breaking of
annular liquid film. The friction factor of single phase flow of helically coiled tube was agreed with
Prandtl's correlation. Finally, It was proposed for correlation that can precisely predict the friction factor
of two phase flow of helically coiled tube.
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Table 1 Dimension of test tubes

Tube types Type A | Type B | Type C

Total tube length (mm) 2000 2000 2000

Number of helical turn 20 18 14
Pitch (mm) 9.1 75 1 138
Curvature diameter (mm) 3 34 462
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Fig. 3 Geometry of helically coiled tube
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Fig. 4 Schematic diagram of test section
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—— Friction factor in helical coiled tube
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Fig. 12 Breaking of annular liquid film

% B} A= 99z LAty Bl
Ztn werdch @, Fig 10, 110] 93d A%
of nd AuHoz AAL gHolx =alo] of
F(dry-ouyel dolvtE A& £ 4 doh

o] AL Fig. 12(a)] JE AFH o] EAF
dgte] v AHor de WE Hx9 Lgun
2717k (o)) JHEbd A3k go] B FREY
A 3% e A3y qEd (o ol &
57t g4Hee 2 149 AodAng A
= GIolr] zzto] opgo] dojdtiil ALSE
o}

34 S Y &4 Y

ko] AYHE T AEAUY 7Y o
4% o &AL WEFEL dudr)e dA
glo] ¢ Fag AF7F @k 59 dezd I
Adfg Fals FAs T JEA 3 A4E
7 gl 4de 23 FEo] FAld AL,
gukg o o] F Jpx| HHFo] ThE HIFOR
&gty fiEo] A4 FEAMY F AF S5
£xe Ao #E3= & 935 JeEd
1, 38 Bdo| g= AL Hd oE 53}
A (oM olE g F 2F9 AlAHo o3
27§50 HAEE 23 fE A& 7tE F
B Aduchs 2 ¢ A& 2 Ao

Fig. 13(2), 0l BF SE 2 EREo Wl
wE gy do] B ¢ £48 Vehddch
A £57) S8 wt Fig 13(a), (b) 25
oty A& Fksgod, dAi% Fvtd weE
otg &AR FJsidd dvtdozn YR f/F
oA e &AL A &£xdE IA ARuE T
A, dHGol g e AFLEE Brie &
o oy dad 129 SAZBAE diE59
gL Wo| v glEH ol A U
oA wAtE 23 5ol 93 g Eio]
gutstA doju} A#Y A, 1HUE FHA

CABE - AER

&0

Type A

—6— ¢"'wt.SkWim®
—&— q"=2.1kWim*
— 25, 0KWIm?

40

|

200 300 400 500
Mass velocity (kg/m's)

(a) Type A

Pressure drop (kPa/m)

60

Type B

== g=1,6kWim*
- qm2.1kWim®
—de= g"m3.0KW/m?

B
=

al

Pressure drop {kPa/m]

200 300 400 500
Mass veloclty (kgimis)

(b) Type B
Fig. 13 Average pressure drop vs. mass velocity
for two-phase flow

Yehte #3F7E AdE d9eMz B
FAG dAdo] doubA Ha, AR A

Y FFAM dHE FUk wE 4F &4
°l FHh avn A4,

g 24/ ol FFY AV A ’e}ﬂ"ﬂ
< T sk, WA J@] dF oA F
#ol2A T A¥AdHe & dAs: Blasius®) ’a}
F4 (1208 AHgstack 4 12) $9 ol3F A
== Dukler7t Aot AmwA4 (13)17& o4
gt

Fre = 0.079[Gdifpzp) ™ (12)

trp= prp | 20z p, t(1—2)v; ;] (13)



TAW 428 39 F9Py R-29) AW 9 dHsd 54 707

webA, deld nddd ol dsr dnkE A
duAe G AvbR s Fd 9), (10)
T AR BRLRAS (f ) A (12)8) 04
i BT (frp) 8 HEFE 4 (14), (192
v = gl

-1

Fretcat 1o =Frel 1 + 0.075ReM (-4 )"
(14)

fhelzcal TP — fYP[Re( ) ]1/20 (15)

&#%V>6

Fig. 14(a), (b)o] €]z ZAf g o4 F
Hupd Ao AEgs Ad@e A4 12), ¥
2d 49 484 (14), (15F ¥lasa JeEY
Aok 1 AT hod] A#Ae FAsIE g
A 57t AEE 2y FABY #etE ASe
Z dRse AL & 5 AUk

4. & &

A E Qiﬂ@ﬂ Azg H3 71z dol
AEE Y&, FFRAL RN ALL3 e 4
2 =Y 4*1]7%4011*191 depd 2 Fuba A
GEY YgHEde B AYPL Fa ey

322 Ak
() FEUE Tolstel, elY 29 HAw
) e ¥ 2AeES 458 5 Qi 9A 2

Y HE ﬂ°¥6}fltlr

2 294 3 FA FdHolr =glo] o2
(dry-out) WHE o] Yuj ZFv|o] o& 4
kel s o} FAFAAM BFEFR Holsl W
7 Agsjo] AFRG AAE F9AM e
}.

Gy & QAT gHEEdAgA -?_«EUP—& Ax+

Y (De)& o8 Prandtle) @A 2 x5}
Hom, #x9 Wi Bui: 4’—"?‘73"] d el
q aA yepstoh

(4) 2218 mddol did ol 4F Bt AF

¢ measured data

Eq. (14}

fratical TP
i
I
|
|
|
[

Friction factor for stralght tube Eq. (15)
by Eq. (12)

.001 . -t A
100000

Re
(2) Type A

@  measured data

ol Eq. (14)
—0——_4 jq. (13)

.

fIlnlic:aL‘I'P

Frictlon factor for straight tube
by Eq. (12)

001 L n . i
100000

Re
(b) Type B
Fig, 14 Comparison of helical friction factor between
friction correlations and measured data

g AE B4 49=%
QFal T

F AFE e (15)E A

% 7]

2 A AAAAR ol =) oFr) & ) kAt
(1997EID01-P-53)9~] Adez FYg A7 Adxn
o] dRolm, ojo] #AA o EA A=Y
23

D23

[mil}

1%}

(1) SEBH, AT, “BE—B GEER,
1997, /) ORISR EIVE B R BB 9 35 & Ui



708 459 - AAE - A47) - 2R E - AT

R OB NEX & BEE" BAREEER
B, 634, 6155, pp. 216~224.

Q) AEF, BRIEX, 1995, “CFC A dm&
A% dagr) AL AF 32T, A 149,
ASE, pp. 9~19.

(3) Wambsganss, M. W., Jendrzejzyk, J. A. and
France, D. M., 1991, "Two-Phase Flow Patterns
and Transitions in a Small, Horizontal, Rectangular
Channel," Int. J Multiphase Flow, Vol. 17, No, 3,
pp. 327~342.

(4) FEgHE, #F LR, AFER, 1992, “EWEREE
BRI 3513 % ER AV 0 Z R By R - BH I A
OEBEHE BMERNE S S URBA R0 T
Tk, BARBBEAGREBR, 58%, 5495,
pp. 97111
(5) Kakag, C., Bergles, A. E. and Mayinger, F,,
1981, Heat Exchangers Thermal-Hydraulic
Fundamentals and Design, McGraw-Hill Book
Company, New York, pp. 12~114.

(6) Wang, B. X. and Peng, X. F., 1994,
"Experimental Investigation on Liquid Forced
Convection Heat Transfer through Microchannels,”
Int. J. Heat & Mass transfer, Vol. 37, Suppl. 1,
pp- 73~82.

(7) Feng, Z. P, Guo, L. I. and Chen, X. I, 1997,
"Forced Convection Boiling Heat Transfer in
Helically Coiled Tubes with Various Helix Axial
Angles,"  Experimental Heat Transfer, Fluid
Mechanics and Thermodynamics 1997, pp. 593~
599.

(8) Kazi, M., Mori, K., Oishi, M., Nakanishi, 8.
and Sawai, T., 1997, "Boiling Heat Transfer and
Dry-Out Characteristics in Helically Coiled Tubes,"

Experimental Heat Transfer, Fluid Mechanics and
Thermodynamics 1997, pp. 649~ 656.

(9) Tayler, G. I, 1929, "The Criterion of
Turbulence in Curved Pipes," Proc. Roy. Soc.
London, A124, pp. 234~249.

(10) Louis, C. B., 1983, Convective Heat Transfer,
John Wiley & Sons, Toronto, pp. 497499,

(1) 79, w5, 1998, “Fgu7} I =
d FHAAMe dAgdde AF A7, W
1A =23 BHE, Al 229, A 113, pp. 150
9--1520.

(12) Park, J. U, 1999, “A Study on Heat Transfer
and Pressure Drop for Helically Coiled High
Performance Heat Transfer Tubes,” Ph. D. Thesis
of PKNU.

(13) Smith, E. M., 1997, Thermal Design of Heat
Exchanger, John Wiley & Sons, Toronto, pp. 41~
80.

(14) TiETE, 1996, “HERNESHMOEARK A
BRI MBI BB O, BABBE SR LEB
15, 624, 6005, pp. 57~63.

(15) Yang, G., Dong, Z. F. and Ebadian, M. A.,
1995, "Laminar Forced Convection in a Helicoidal
Pipe with Finite Pitch," Int. J Heat & Mass
Transfer, Vol. 38, No. 5, pp. 853~862.

(16) Sillekens, J. J. M., Rindt, C. C. M. and Van
Steenhoven, A. A.,, 1997, "Developing Mixed
Convection in a Coiled Heat Exchanger," Int. J
Heat Mass Transfer, Vol. 41, No. 1, pp. 61~72.
(17) John, G. C. and John, R. T., 1994, Convective
Boiling and Condensation, Oxford University
Press, New York, pp. 41~80.



