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MOTIVATION RESULTS AND DISCUSSION
» Recuperative heat exchanger governs the overall performance of mixed refrigerant Joule—-Thomson (MR J-T ) cryocooler. -
> Need of accurate predictive tools for pressure drop to design the heat exchanger for the efficient operation of the cryocooler Experimental conditions
» Limited experimental data iIs available, related to pressure drop of mixed refrigerants of nitrogen-hydrocarbons at cryogenic &

temperatures. Mass  Temperature, (K) Pressure, (bar) %240 Liquid { ) Vapour
» There Is no generalized correlation for two-phase frictional pressure drop in the literature, which is applicable to a wide range of Mixture Composition flux, G S

working fluids, mass velocities, pressures and channel diameters. (kg/m?s)  Inlet  Outlet Inlet  Outlet s L7 Fwo-phase
OBJECTIVE Mix#1 36.0/15.0/13.0/19.0/17.0 215 100.2 293.5 5.01 2.601 5160 ’,i‘ *Saturat!ed“quid

4 -+ Saturated vapor
167 1088 2938 523 241 120 — Saated vapor \\\\

132 112.7 294.1 425 201 2 ~Cold fluid (2 bar)

80

Mix#2 15.5/31.0/16.5/21.0/16.0 151 119.1 297.6 532 231 10 -8
146 125.4 300.1 494 231

N

“ To evaluate the existing empirical correlations for prediction of two-phase frictional pressure drop in the recuperative
heat exchanger for MR J-T cryocooler.
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TWO-PHASE FRICTIONAL PRESSURE DROP CORRELATIONS

Temperature-entropy diagram for Mix#1

Total pressure drop | AP, ., = AP, .. +AP__+AP,._ Two-phase mixture Vviscosity Frictional pressure drop correlations ;.
- — = Experimental o
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Homogeneous Flow Model (HFM) _ Muller-Stein ; . . 2 » Sami and Duong [20] : Assessment of existing two-phase pressure drop correlations
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pressure drop, AP,.._ e, 2, - Ho My M g F:(%j +2H@j —(@j }( (%j . G2 (dpj . G2 %915 : : Correlation l Average Absolute Deviation (AAD), (%0)
where f,, is a two-phase friction factor, G is mass velocity, Cicchitti et al. [12] 1ty =Xty +(1-X) % 42 )5 02 oo \02 )1, Az /s dnps | \GZ ), dn g % 1 - o Mix#1 Mix#2
;e:nssiltength, dy, Is hydraulic diameter, and p, is two-phase 1 ©  Sami and Duong 5 —8A1(1—x) ™ X1 % . T e TrTowT Mass velocity, G (kg/m2s) —» 215 167 132 146 151
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Y = Dukler et al. [13] utp=pt{ ;: 0 o4 pf)” } CE% correlation (1992) o ol 36.0/15.0/13 0/19.0/17.0 HO??Q(?EEAU)S McAdams et al. [11] 21.4 44.4 40.2 41.7 48.6
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f, = o 'Re,, < 2000 wrbulent-trbatent flow, X, " " j ” 0 120 w0 10 180 200 220 Cicchitti et al. [12] 126.8 23.1 35.8 10.4 13.2
tp Separated Flow Model (SFM) | Mass velocity, G (kg/m?s) Dukler et al.[13] 21.5 44.3 42.0 47.2 52.4
f,, =0.079 Ret‘po'% : Re,, >2000 Two-phase frictional T do o L% (Zzhoaln(% it ell, GerlElen C= 21[1—exp(—0.358/ La)] Comparison between predicted and experimental two- SEM: Macro- | gckhart-Martinelli [14] 143.2 102.0 116.8 42.2 15.2
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density, Pto Pp Py P 5 1020 depending on flow regime ¢r =1+ X T NE > C, =0.0015Re’> Sug(')9 (pf /,Og) number. Su SUgo i ;8/ > Sami and Duong [20] 14.2 20.4 21.7 34.1 40.5
go N
. 45 SEM: Micro-  Mishima and Hibiki [22] 103.5 37.5 46.4 1.8 14.8
EXPERIMENTAL SET‘UP % _ scale model
» 4 .| *Experimental Yu et al. [23] 76.0 82.3 80.8 82.9 84.0
\ _ _ _ & -~Muller-Steinhagen and Heck [18]
+ Sotameter | Helically coiled tube-in-tube heat exchanger a ,, | ~Samiand Duong [20] -ee and Mudawar [24] 1359 %8s s 43
l Discharge valve ~ || =Zhang etal. [26] Li and Wu [25] 1347 454 552 121 150
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\T/(;cuu =y 4 Y L« < > ) Specifications of Heat Length, x/L Kim and Mudawar [27] 275 16.3 17.6 20.8 295
eat Y Suction pe— Exchanger [ 7] Predicted pressure profiles of the cold fluid in the MR J-T
ed &)
Exchanger - ki . valve e — Parameter Value heat exchanger
Bye-pass — Inner tube  ID (mm) 4.83 CONCLUSIONS
valve VY -
oD 6.35 : . . .
_ - (mm) v Experiments are carried out to measure two-phase pressure drop in the evaporating stream of MR J-T heat exchanger for
J-T Valve
T — Outer tube 1D (mm) .89 two different mixture compositions.
 Evaporator GC Instrument  ork statio % _ OD (mm) 9.52 v’ Extensive evaluation of the existing two-phase frictional pressure drop correlations is presented.
4 4 Length of heat exchanger (m) 15 v' The Zhang et al. [26] and Kim and Mudawar [27] correlation which are developed for micro-channels based on SFM give
Vacuum vessel Ref. [7]: P. M. Ardhapuriar et al. Applied Thermal Engg. 2014, 66: 94-108, Coil diameter (mm) 200 the best predictions of the pressure drop data within 30 % error limit among 15 different correlations assessed.




