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Mathematical modeling of capillary tube designs for refrigeration systems
using R410A refrigerant

a a

ANqAl Aullssaan waz ssnau 4simunissn

ANAITNAAINTIULATAING ATUTAAINTINANERNT NUINLNAENHATANEAST

E-mail: Supavud.si@ku.th Laz fengpsw@ku.ac.th

Capillary tube ugunsaffidddmsussuuienuduuuudalolumsmuauemuduuas
dammsluasasansnanudiu lulatudsiiglénuimaanuianudladnduinnunnlums
\danly Capillary tube I@ad'suiwajmsLﬁaﬂiﬂﬁ%ﬁuﬁ'ﬁﬂi:mms'ﬁﬁwaq;jﬁwmuaﬂ%
msaasiinaaign Fmadaniiliminzauuashigndassdiwaliszuuhauliunduasdenada
maszansmwmsléndsnurasszuudnds lumAdeildwannuuuhasmadiomansuns
m3eenuuy Capillary tube dwiussuurhanuduilliamsenudiu Ra10A esnilums
yanuduiismaunu Rzz lungulalaseaalsvigaalsmivauiidasgnaziumsliluanandulagd
wngidnsmwlumahmenilelay wuuhassldWannnounaeihmshenudui oy
Capillary tube aziimsuasunlasnuaniaoasamuunanueuasyisiilvay Capillary
tube gnuivaantulsnasmuananadnuaazU3nnsmuaNgNNITNGIINgBUSNHNIE
ngayinEwdsnu wazngaydnulumudy Gunndulsdu Usznauludennaueuaiosiuama
dammsluasasansianuiiu uazenaEudues Capillary tube WUUTIBITNINTOIATIEN
aaiantAmasanmhanuiu anudesmslve isdluad dwes uasusadoamuldaddaiios
wuudaesiinl¥nseanuuy Capillary tube 9n@assNndu deaan15009AAIYNULAY
aaanuiululdvasszuvaziiaanulivnfuazidames msiwnzdmeauuuiassdinaliszuy
menuEuansaiauldagnivszanimuuaziiomsuszudanasnu

Abstract

The capillary tube is an important device for vapor compression refrigeration systems

to control refrigerant pressure and flow rate. Today, there are still many operators who



S D)
Ga2 AFNTINENT 3N,
Darte

/
(o
(®
@
I
e

lack the knowledge to use capillary tubes. The choice of equipment is largely based on the
experience of the operator and the use of trial and error. Improper and incorrect selections
will result in system malfunctions and affect the system’s energy efficiency as well. In
this work, a mathematical model of the design of capillary tubes for R410A refrigeration
systems was developed. R410A was selected for this study as a replacement for R22.
Hydrochlorofluorocarbon refrigerants must be discontinued in the near future for reasons
of ozone depletion potential. The model evolved from the idea that the refrigerant flowing
through the capillary tube changes its properties along the length of the tube through it.
The capillary tube is divided into smaller control volumes. The law of conservation of mass,
law of conservation of energy, and law of conservation of momentum have been applied
to each control volume. The initial parameters consist of the size of the conditioner, the
fluid flow rate, and the initial capillary tube size. The model can analyze the properties
of the refrigerant, flow velocity, Reynold number, and friction continuously. This model
makes the capillary tube design more accurate. It reduces trial and error and reduces
the possibility of system malfunctions and failures. Model analysis results in the cooling

system operating efficiently and saving energy.
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ana9an 35.8 °C ¥ udlu 29.0 °C HaeINs5

o ﬂ' = =1 o T

89089 19.0 °C/m wNatSauieunu F1an e
ANNYN 1.5 - 2 m ENDNTINTANIININAN
ZENMITANNGN 0 - 1 m 94 2.92 19



(,v(?\f\\
0)
e

1944 FEnsTuans un.
RURC'S

3,500

3,000

2,500

2,000

Pressure (kPa)

1,500

1,000

500

0.5 1.0 1.5 2.0 25
Capillary tube length (m)

NN 7 ANNFNNUSYANANNAUNINFINU
ANNENYDN Capillary tube

NAMND 7 U le NN UL
° < o .
MANNEHUIAUNDANNENIYN Capillary tube
K o 4 X 4
NN Taa NN INMIINaITINNINTUENBANNEN
284 Capillary tube LWNANINAY GIDENIEY BN
FAMEANNENI 0 -1 M ANNAUINNIN 3,056
kPa ailu 2,627 kPa #id091nsanay 429
kPa/m luaaei 3 9§01ILANNEM 1.5 - 2 m
ANNAUBNBINN 2,329 kPa PORIRIAY 1,833 kPa
= v d‘l = = %
NROIINMIanad 991 kPa/m tNatlssutnaunu
ZRENNLANNLN 1.5 - 2 m WHINTINTANDI
1NN FMNFNNILANNYII 0 - 1 m 949 2.31 ¥

ANNIZIVAINENTN AN ML ULNNT UL D
ANuenwed Capillary tube tinannzu laedisns

A )

NMILWNAUNNINTULNDANINYIYBN Capillary
tube NN MBDENUTY FNFNITANINEN
0 -1 m ANNGUANIUIN 9.15 m/s MU
14.23 m/s NOAIMINNYIY 5.07 m/s/m U
UL HNENMEZANNEM 1.5 - 2 m ANNE?
WNAURIN 18.80 m/s MiU 31.0 m/s HAGT

< X < = PV
MSLNNYY 24.40 m/s/m LBLUIBUNBUNY %N

FAMEANNENM 1.5 - 2 m ailsamsiiniy
NNNT BNENNZANINYN 0 - 1 m DN 4.81 L
isiluadiuuadvanhevhenuiiuanas
Lﬁ'ammmm a4 Capillary tube Lﬁ' Nmnﬁu Toeil
Sammsanasinniuiiaanueies Capillary
tube [NINNZIY FraE9EY FHEAMIEANNET
0 -1 m LSHLUBRUNUDSANSAAN 188,965 3
Wy 187,150 H909IMI8089 1,815 /m T
i 9198AMzANNEN 1.5 - 2 m 1sEluadiNUeS
0NN 184,950 My 179,216 HBATINS
a089 11,467 /m (awSsufiauiu saeanmy
ANNEM 1.5 - 2 m wABNTINTANIININAN
FNIAMZANNYN 0 - 1 m DN 6.32 LN
Fadhuvasleansmanuiiuluasuaad
Fufinduiiioanuenuas Capillary tube Lty
wnndu Tesilsammsiisduianniuidaanuen
284 Capillary tube [N3NNEY FIDENUY 229
dAMEANNENM 0 -1 m dasuzatlaamsiany
Fulurasnandudiinzuan o sflu 8.5%
fisamsiindy 8.5%/m lusaedl franne
ANNEN 1.5 - 2 m dnaIUTBIlaasINANNLEY
TuanaNBNe taHuaN 13.8% ailu 21.8%
fisammsuiiady 16.1%/m Wawdsuiiisuiy
FNEAITANNEN 1.5 - 2 m AHBATINLAN
FusNnnh F3ENMEATNINEN 0 - 1 m B9 1.89 1Th
U310 53 mzaaaihnenyha i
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= Il

2ULNBANNENYAN Capillary tube LWNNIN
%y TeaiansIMstNaZunNINIuianNNE
284 Capillary tube tNNINNYYU HIDEITY BN
F712ANNEN 0 - 1 m USHNATINWILLNNY U

Id =
0 0.0011 m3/kg 3Ty 0.0017 m3/kg &
BATINSLNNTY 0.0006 m3/kg/m luvash 4

FAzANNEN 1.5 - 2 m USHOTNILIIE LN
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NN 0.0023 m3/kg i 0.0037 m3/kg

[

Nﬂ(ﬁli'lﬂ']'iLWN“llu 0.0029 m3/kg/m LNE]L“IJ‘EEI‘U

D T2

WEUNY BNFAMZANNEN 1.5 - 2 m wTDAT)
MSANEUINNAT THEAIEANNEN 0 - 1 m
09 4.81 1M
uatnmnzanhihanuianails
ANNEYY Capillary tube tNsNAZY Togd]
Sammsanasnnniuiieanuenives Capillary
tube N3NNI FraEhaiL FHEAIEANNEN
0 - 1 m LAUNAUINWILTaNNN 286.90 kJ /kg
iy 286.78 kJ/kg 1905159089 0.12 kJ/
kg/m lugaiedi 9298aMzANNEN 1.5 - 2 m
PUNaUNIWNZanaIN 286.70 kJ/kg Wiy
286.58 kJ/kg Han51mMIanad 0.23 kJ/kg/m
lanBsuiiauiy F198nzanNen 1.5 - 2 m
wHNTINTINININAT FNENNIZAIINY
0-1m N 1.92 LN
anuwiiauanhenvhenuiuiisiuile
AMNENYY Capillary tube tNsNAZY Togdl
é’mwmsLﬁuﬁuﬁmﬂﬁmﬁammmmm Capillary
tube N3NNI FraEhaiL FHEAIEANNEN
0 - 1 m AnaniiaNIURIN 87.25 X 10-6 Pa.s
il 88.10 x 10-6 Pa.s fi8asnmsiitadu 0.85
x 10-6 Pa.s/m luaaedl dranmzanuen
1.5 - 2 m ANNWilR WRNEUIN 89.15 x 10-6
Pa.s 3§l1 92.00 x 10-6 Pa.s A8a51mstin
%1 5.70 x 10-6 Pa.s/m iawSeutiioui 2
FAMEANNENM 1.5 - 2 m AisaMsindy
ANNT ZNENNZANINYI 0 - 1 m DN 6.71 L
Fawnlvumsiasuuawasiulsa 9
Hugaanseafiu Sahoo. K. uas Das. S [10]
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ANNGU BN L3 luadINIUDS wazlaurall
PWzanas uanNN3 Usinasaiumne daaiu
yeala uazanamilauiiniy destezisnsiens
Fulwaru Capillary tube 3n2uEas

@ asunamsiay |

wuuhaaslanannTnunAESINeMNEL
Alwanu Capillary tube sziimswasunia
auantAnapamuLLNANNEIaIai ey
via Capillary tube gnuispaniludiutos 9
ueazaIUgNANIANMIBUITNATMIUANINALEN
wanmasmamaslulawniindlagnuszgndnnu
Usinasmuauudazau TasdudsGudulssnay
Tudennaranniaslsu ema, sanmsiva
I INANNEY wazznaduruguina
2249 Capillary tube

M32ULOAANTNUREIN 7 athadatiiads
Ha liaMIIANAiANNYNADILNUENMNNEN
Jennsan hliuuuessmeadiacmansizng v
Foanuuusiulalédhaliitia Choked flow ulu
szuuildawaideacnaann uazaamsnasiinaagn

MINANAMBUUUDIA DTN [T a0
tdanly Capillary tube ﬁﬁwmmﬁnﬁqwﬁﬁﬂﬁ
szuudSummesansannulaadniiuszansmmw
M IUIENIaNaINY wasauny
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