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Heat Transfer Characteristics in the Evaporator of a Soft Ice
Cream Maker
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Abstract Soft icecream is made by scraping an ice formed on the inside of the cylindrical evaporator, where
R-404A is evaporating in the annulus. The heat transfer characteristics of the refrigerant evaporation and those
during icecream formation were experimentally investigated. Results show that the refrigerant-side heat transfer
coefficients are highly dependent on the location in the evaporator due to the complex annulus configuration.
The heat transfer coefficient at the inlet is generally lower than those of other locations. The average heat
transfer coefficient increases as heat flux increases or saturation temperature decreases. A correlation is
developed to predict the refrigerant-side heat transfer coefficient. The icecream-side heat transfer coefficient
oscillates continuously due to the periodic removal of ice formed on the surface. The average heat transfer
coefficient during icecream formation is approximately 280 W/m’K, and that during single-phase cooling
increased from 150 W/mK to 250 W/m’K.
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[Fig. 1] Soft icecream machine.
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Points in the evaporator denote thermocouple
location.
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Item Specification
Embraco NJ9238GS 3.0 HP
380.4mmx>307.1mm,
4row, 12step,

Compressor

Condenser . o
Plate fin, Fin pitch 2.4mm,
1D 9.5mm, Copper tube
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[Table 2] Heat ansfer coefficient distribution

Heat Flux(kW/m?) 5 10 15

. 23.4f 9.8/ -13.6 21.4f 9.0/

Sat. Temp In/Out("C)

262 132 -16.8 24.6 -12.1

Avg. Sat. Temp(°C) 248 -115 -15.2 23.0 -10.6

Mass Flux(kg/m’s) 0.60 1.09 0.93 0.63 1.07
Bottom 318(0.45) 419(0.42) 420(0.43) 389(0.44) 345(0.42)
Inlet Middle 444(0.49) 455(0.46) 464(0.47) 434(0.51) 468(0.48)
Top 732(0.52) 540(0.50) 567(0.52) 541(0.57) 489(0.54)

Avg. 484 467 479 449 443
Heat Top 162(0.55) 165(0.54) 168(0.56) 163(0.64) 180(0.60)
Transfer Middle | Middle 494(0.59) 488(0.58) 494(0.61) 486(0.70) 459(0.66)
Coefficient Bottom 404(0.62) 627(0.61) 649(0.65) 694(0.76) 762(0.71)

(Quality) Avg. 389 442 451 457 465
(W/m’K) Bottom | 228(0.65) 317(0.65) 323(0.70) 340(0.83) 385(0.77)
Outlet Middle 862(0.68) 848(0.69) 881(0.74) 1137(0.89) 893(0.83)
Top 556(0.71) 536(0.72) 553(0.78) 550(0.95) 538(0.89)

Avg. 627 637 660 791 677

Total Avg. 500 515 530 566 528
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