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Pressure Drop Characteristics of Supercritical CO; in a Helically Coiled Tube.

Tae-Guen Yu', Dae-Hui Kim'", Geon-Sang Roh™", Hak-Geun Ku"™"", Hoo-Kyu Oh'™"™™"

Abstract : The heat transfer coefficient and pressure drop during gas cooling process of carbon dioxide in
a helically coiled tube were investigated experimentally. The experiments were conducted without oil in
the refrigerant loop. The main components of the refrigerant loop are a receiver, a variable speed pump,
a mass flowmeter, a pre-heater, a gas cooler(test section) and an isothermal tank. The test section is a
double pipe type heat exchanger with refrigerant flowing in the inner tube and water flowing in the
annulus. It was made of a copper tube with the inner diameter of 4.85 [mm], the outer diameter of 6.35
[mm] and length of 10000 [mm]. The refrigerant mass fluxes were 200~600 [kg/m’s] and the average
pressure varied from 7.5 [MPa] to 10.0 [MPa]. The main results were summarized as follows : The heat
transfer coefficient of supercritical CO, increases, as the cooling pressure of gas cooler decreases. And
the heat transfer coefficient increases with the increase of the refrigerant mass flux. The pressure drop
decreases in increase of the gas cooler pressure and increases with increase the refrigerant mass flux.
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Fig. 2 Details of the test section.

2.1 2 A

[a»)]
=)
nd

rr
ke
a
0
i)
o
™~
w
oo
=
—J
o

o,
k1

1T 8§ wb7] w2 Alo)2e] medde]x dzt Fig. 1& A4 9 fgme ek Ao
e QAR o elA] Dotk Wb (0.0 BE @RS TA W) BBz UAs @

AL 7Ee) SEJAT: 2] AWHEE 9l 2 2AEo] gk, W) 28T A] (0, Wes oA
R .

=
_,E__

> |H
o foax

10

1A gelolA] Yol o) kauAT Aol & g sdvjo] 24E T TEA We|RZE A

o ol E 02 ol8F AR TR 7] grpele Solzivh, el ARGl A Hu

& Azge) gATA T 2 Aol7} YOH A, B o] 248 3, oAy SFEA A7)3E] 93
q

WA, B =R AE (0,8 WS 32 A|AHd Aol 2 =

7 42719 A 9 gsﬂ @R YSIES TR0 A e

E
iv
ro
}Jv
ns
2
oy
il
1o
oS
=)
Flr

a4 3 Ui Sl AR Fo7 et 7}Oﬂgc>1 el Lrsl 294 Aez =l A7)
o] 7

A Q0 Wl R ARSSE] = 3 Was Rl 294 A deE y
%1741 ﬂoﬁOﬂH e mdy 7ka Yzr)e] Ay 2717 98] Wz AEE Uae 9@ale]9

101, :

segst 540 ax n@stan g, IR0 Yrlet FHE S20 JAs 39



Table 1 Experimental conditions. W= A A= Arkd 4 9.

- ~ _ q
Refrigerant R-744 h T o7 (1)
Test section Helically Coiled Tube ATNA Teels WL, Ty e FUHE L0 q
di(dy) [mn] 4.85(6.35) £ YAge) £EY fFoRRE 4 ()E AN
Gre [kg/m’s] 200, 400, 600 Wztse] Aot}
Pec,in [MPa] 7.5~10.0 M, e (T, Ty )
q: cw D,cw CW,0U CW,1N (2)
Tcw,in [OC] 15 s 'di - dz
9 AoA Moz AT T, oz BT HIE, L
A AR =dEn. & 2@ Tke] AYolE vehde), Fa AAg
Fig. 2= AlE7< 284 399 714 94719 AFE Fohz AZAA Y YHRE Tt AAEF
AAEE UE Zloltt, AEYE U] W7} & Alolritt A e 22 o] gl A (3)ol]A
23 ool AT B ol i A el
S7)ojr}. 0.9 AEHS] WA 4.85 [mm], 94 cost Tonios
T TE,N - Te,n (3)
6.35 [mm], T WAL 42 [mm], Zol= 10,000 e 2
[m]9) S#oe Agsigion AL WA 55 [pu]el  WHHE 2% Tynd A7, s, 559 43294 &
pvcHo R AAFALE. 18T 7F AldRE QT A A A 2% Ty e AlE WIS T, ST
1000 [mm]® FAFAoZ 107] FHoE oA o AMEE Ay AR WAAL o]8ste] A (4)
= ALkeroltt

i
2

gom 7 vk 3

Oz
=]

hoBE, 9gs om 9 A

& 54T 5 Jus TS, P ,m(ﬁ) @)
W,in w,ou ka dl
2.2 Al up A7 keiz B BHER, ¢ 4 (2)E A 4
Frésol}

A9 0 97 DAL AP Yrl9)
ARSI GPAEL 47 AR FAsl 3.0 o ztat
oh. el AERES 200-600 [kg/m’s]Akolol A
WA ZOE QFUEE 7.5-10.0 [WPalE WEA] Ao TAWY BETE Aol AEHE nEg
WA Adsd. exd dwe AdxHsp Ay Seer A1l of e} d o Akt
elell =2d & SAEAoH, A Rl g Ap=Te . L G (5)
e AAste] Alxdue] deuFe] Aozl He tod
ZFeje] ol28le o] YA olddte] ZAEAT o714 L& Algggke] AAde), die W] WA,
dolel ZAo] guEw thl We fh WA ¢ Pt HEE SRS di, Gl Wi 5
2k 2AEt] WA S 59t} Table 10] & A 2 Jdde] Judzgas, £ 487 3989 1
o ARzAL et A%, P APE Adow TH golt)

== 411 FHsto) mE FHEA S
zte] 2N @RO)A Fa dA" AFE FHe Fig. 32 QAT ARHR(G:=400 [ka/n's )N

=
C0.8) AR al] e AADATE 127



— e 75[MPa

8 | o 8.0 [MPa]
—— % —— B85[MPg
7| == 90MPa
— - — 95[MPa] Q

——o—— 10.0[MPg]

h . [KWmM?K]
o

100 a0 80 70 60 50 40 30 20 10
T.[T]
Fig. 3 Variation of heat transfer

coefficient with respect to gas

cooling pressure.
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Fig. 5 Variation of heat transfer coefficient
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Fig. 7 Variation of the pressure drop with
respect to varying mass flux at
different inlet pressures during gas
cooling process.
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Fig. 8 Comparison of the measured pressure
drop with that predicted by White's
equation.
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drop with that predicted by Ito's
equation.
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