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Experimentation and modeling on the flow of
R407C and R290 through capillary tubes
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ABSTRACT

Mass flow rates of R407C and R290 through capillary tubes were measured with various
capillary tube geometries and flow conditions. For all refrigerants tested in the present
study, mass flow rate through the capillary tube was strongly dependent on the condensing
pressure, subcooling and capillary length and diameter. The flow rate of R407C was 5~
10[%] higher than that of R22 at the same condensing temperature and degree of subcooling,
while flow rate for R290 was 40[%] lower than that for R22. Based on experimental results,
an empirical correlation was developed using Pi theorem to predict the mass flow rate

" through capillary tubes. The predicted flow rates using the model were consistent with the
experimental data within +10[%].

7l e d 9
1) d[J/kg °C)
=A% 2% [mm]
B A Zol[mm]
EAT 57 235 3ke/h)
+2 [kPa)

: 2E[C)

Tw © E3ALE[C] f ;o BA e
AT @ EAT g7 FYE[C] in PEAR AT
v HAE mYke) sat i E3H)

agla 2%

y ;A Askg/m - 8]

sHH Xt

NI NEDO

1. M2

. nAgEm ) AFE

= AR AA BAFHE $27]9% 27| Aojd] AR Ho
e 2ERE AATES A Woje o4 9 eEE Wolmagn wWhlEs



R407C ¥ R290 ¥rid} & 2A8d #5549 49 & 24y 493

zAgozA Nadel BYS FAHE AU
o wHA o HRFAI Aade &3
of @A AR gow WA Axwo] HAg

=
/ O

4F9 AE AT

EATSLE FAES 2 dut YEAxHY 713
g8 AMSEH3 Qe BAFA otk EA#LE T
71 dstn 2ZFo AFAde] glem 71Ao0]
At Fdeol ok, a#y ZAFE A
S£FxHdEo] b YAFR ) vl Heonz A
A o9 FHRNA AdFol HAF golA

= 9ol sith ZAHo dEiMe 2L dF
7b dlen, BA@d e AP 2 A4
2 F3ld TP dA9 718 2AL AAEA
o},

Bolstad®} Jordan’e = Al#e] wdzA 3l
A JAFES EAE AZsU9oH, Dudley®s
Z7) Hl5Hol o]EFQ Aildl 93 v EFHr}
AxA 2ASE FLAAIYS BRIFAG
Kuehl® Goldschmidt®: R22& Algstd QF
tg, FY: 9@ RAH G Zol9 w3l
weE FHFAYE AAFFoey, oldFE5E 72
FE5oE A%l ZABAAMY FFE 1EF
Atk Wolf 59¢ o8 gixume ALeso 2
48 ¢33 1 FHE o]&3ly fFHFrds
Mdstgd. 2 5% AR 228 uds
o RA#EY AFE 458 & Ue FARLE
Agon 3 592 HFCAY &44d 2 &3
Jole] ZAE e fEAEE A 2AH
W f59 HSAIE 928 & Jd= 4L
A A &t et

R22 diAye] FolX HFCEFWulel R410A
2 R407C7} F71x35 2 dEA=EY gAY
2 71 F8A Sz gld. a2y F b
25 ODPE %(zero)ol X9t GWP7F 22t 0.44¢
0.282 A4 F§AH4AHQA  ZWHdA  TEWI(total
equivalent warming impact)7} & ©d¥o] gl
t}.

HC(&3l4)A drle JAWmzA 7HF 9
A1 ODPt GWP7E 25 oln, 7 utw e
Agol flde FHo] Aok HCA W¥ulF R290
< 4Fu7 B3 71E Yol Hdled FA
(charge)@o] WA Zule] <txlz GAGAF71
Eon gRUYotsl L EAojy obF ) gl

W Eo tAYrlZ 1Y B 77 olF A3
Atk 2y R290E 7FEA S JMRla doke
@Ho] gt}

2 dFdMeE R22 YAYdE #F8A Hz
= HFCAH E&4yull R407C HC(EH3}4)
A HAYPo] R290S HEL3to #AFAAR dE
T $X4Z2d € BAF Holot HAHe A
S ¥ AN d¥E £YPs4y. H¥FF9
TS B3l BARANA AdFFERNE 2F
31, °oF EUE A" 3o ghe Ay
BEATSE ARE + UAEE FEY 2dE AE
gttt

2. A Ex R WY
2.1 AEE=R

Fig. 12 2489 H5E5A4E 487 A%
BAZA AYGA e Mot APFA= B
AdE NFFY AYE, $594E, FEEE e 4
A 24 & JEF ANPFE LFde e
32, 71E718 Egste 24 E, Y47
€ XFgste 2/d€Ed 2gE ¥z 74
dRth Wl JAYZE ol &3d THIUL
o, JAFZoA FPste 2o FHEL nlo]
A& FHAE o] &3 FaAA ANFxAY A
de 2. $5LEH 47 = 44
Zo| A} 2578 FF =S F¥FE W
HNA zAed, FTELY @ &7 2AL
¥719 E/4E 2YE 899 FF 2x=9
FFE Aojste] A,

AR ANEFE SSEndr FHgndr)
9 F AAsHed, EA#E @& F A
e dS5HoE AANT F UAEF AYPF g2
o E¥HE M)At

EAEE THste WHFS AFHBAES
Abgete] FASAT Algd] AHEE ARRFA
o] A= +02[%]o]th

AYFA ] g AAF d9e Fnpa®e
Fz87] vy

22 MEWY o =AH
B A7l AHSE 2A#e Zole 700, 1000,
1300 mmel™, zt Zolo tdte] ZAae] HA



096, 121 2 136 mmZ WHAFNAAN {F
W2 =AY Table 1& 2 A3
g ZAFY AFES JeEit,
AY 2L uiy @z gutE
A% =2 AAFAe, Fo
= BT JATHYE, 52, Fd&xon
Table 25 & 479 4¥x4L Jehn ik

Weirltk Mz g2 EAXE JHAEE 1 ¥
2E fstq §FHFLEE AT T Ysid)
il $Eexe) o TIUYHEE FFIYPo
2 AMgstgy. E dF798E 5258 38 C,
45 °C 2 52 °CE AAINYY. ojvl HFCAHAEY
3ME gyl RAOICE Gr@grldy &=
Fuizt A7le d]gu Eddeigdd, duby o
2 ulFd Edyde &5 E EIgE 9
S (bubble point)® ol&H(dew point)el HEE
#e LA AYEE vSHE VFLR AN
stmg z} e dig ¥EHE VELER A}
439, 4 &4 disd ZAR 47
AYEE1°C, 4°C, 9°C 2 14 C2 WA
HA AES FP3A

EAgMdE &7 g8l 4T x4 H33
E EgEEYg @& A e &7 (choking)e]
DA W Fake] Ao 9&E vAA G
g elag zAFLS E dF R290 ¥
R407Cel did Audy e Fild HFIHHAh
el B dAFgAE FEgEE T Yuld

op lo mo

Mass Flow
Mater

Flexible
Hose

Bypass
Vaive

Liauid

Evaporation
Heat
Exchanger

Condensation
Heat Exchanger

Cold Water Tank

Ball Vatve

Fig. 1 Schematic of experimental setup.

Hot

Water
" Tank

AR - 294 - 3430

7°Cl Agshe TAGAE AsHA

ol R290 % RAOTCE AL$ate] EAlTolA
#32AS4L RSP0, & WYL
S MEAZE Ashe) R UW Y= AX

AT

Table 1 Dimensions of capillary tubes

No. Length{mm] |Diameter[mm]
1 700 0.96
2 700 121
3 700 1.36
4 1000 0.96
5 1000 121
6 1000 136
7 1300 0.96
8 1300 1.21
9 1300 1.36

Table 2 Test conditions

Sub- |Downstream
Upstream pressure cooling| _pressure
R290 : |
. 52C | 17876 kPa 0
aturation -
temperature R407C Saturation
23240 kPa| 1 |temperature
R290 : :
45C  |15308 kpa| b | (Fixed
Saturation . 9,
wameror) JAC | 14 | o
— % - (C) | 5828 kPa
s 38T | 13056 kPa R407C :
aturation : 653.8 kPa
temperature 1 61’}3037%1551
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Fig. 2 Comparison of mass flow rate with
results of other researchers™”.
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Table 3 Pi terms of the flow model

Pi term Definition Meaning
geometry
1 L/d effect
T2 & Pi/vsuf inlet pressure

T3 & CosdTso/vf 1 | inlet condition

flow rate

74 m/dus

Table 4 Units of variable in equation (3)

Variable Unit
Length mm
Diameter mm
Specific heat J/kg - CT)

Viscosity micropoise
Specific volume m*/kg

Table 5 Constants in equation (3)

R407C R290
ai 0.0823 0.0819
az -0.4299 -0.4580
a3 0.4703 0.4574
& 0.1210 0.1374

Calcutated mass flow rate(kg/h}

v T T Y T
10 20 a0 40 50 80
Measured mass flow ratelka/hl

Fig. 6 Comparison of the measured mass flow
rates for R407C with the calculated
values.
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Fig. 7 Comparison of measured mass flow
rates of R290 with the calculated
values.

Table 6 Limitations on the application of
the present flow model

Refrigerant | Parameter Min. Max.
Length
e 700 | 1300
[mm]
Diameter 0.9 136
R407C [mm] ' '
and Condensing
R290 temperature[|{ 38 52
[°C]
Subcooli
cooo ing ) ¥
[°C]
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