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Theoretical Analysis of Freeze-drying Apparatus Driven by Low-grade Heat Source

Niu Meimei Zhang Shaozhi Hong Daliang Chen Guangming

( Refrigeration and Cryogenic Engineering Institute, Zhejiang University, Hangzhou, 310027, China)

Abstract Theoretical analysis is made for a freeze dryer driven by low-grade heat source. Its condenser utilizes LiCl solution which is
continuously regenerated, and its refrigeration system adopts ammonia-water absorption type. Through thermodynamic analysis, it is dem-

onstrated that 13573-20747k]J heat is needed for the removal of 1kg water from the material which eutectic temperature varies between —10

and —-35°C, if the freeze dryer is used in summer in east China. The energy saving potential is thus significant.
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Fig. 1 Schematic diagram of freeze-drying apparatus driven by low-grade heat source
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Tab.1 Generating heat under four evaporating temperatures

1,/C 1,/C CoP 0./kJ Q,/k)
-20 125 0. 4663 3047 6534
-25 135 0. 3854 3054 7924
-30 150 0.3136 3081 9823
=35 170 0.2273 3114 13698
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Fig. 2 The variation of vapor pressure difference between
aqueous solution of lithium chloride and pure water with

the solution’ s concentration at different temperatures
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Tab. 2 Regenerating heat under four evaporating

temperatures
t,/C [X,,X,] m/kg Qu/K
-20 [0.17,0.35] 0.94 4189
-25 [0.19,0.33] 1.36 4191
-30 [0.23,0.33] 2.3 4195
-35 [0.25,0.32] 3.57 4199

2.3 m#=E

T2 B URTRE N R B R ¢, BilidR o 7
S B AR , A R T 5T Y I B T &R A
SR TR — IR TR S WG, Bt — 25 m 2 bR i
NIRRT 7K o AR, K 7R B 1 2 it AR LT
2 ~3C, U Lot # v g B T i AR LN 220
AT AR R Tkg DKAYTFHAER, B

Quew = 2850k] (9)
2.4 BRRE
Q = Qgcn + erg + thal (10)

3 TeESTERR

H1% 3 AT, A0SR R i B AL i il S
=30CZEAT R PR B BR Tkg 7K 53, n] LA 2 fd
16868kJ IR il A2 FRE . T >R FH 28 VI #A i) 4% 58 L
2V RSN EK B REAE AR 1. 22 (kW -h)/



$£3% F4B
2013 £ 8 A

RRA RIS AR FREEER IS0

Vol. 34 ,No. 4
August 2013

ke ' B IRIZARRE , A B R T 1kg K AL
T LAV /DHE HL i, 1 B 7 43R AR S A7 4088, TR o
(G ATE N

FAN, M E G TALE T — s
WAL, AT DURPEE IR T, 2 s B A A T A
RV RS BT Bl 175 ~398), 5 EL25 % Ik
FIGHEIARLL BB, T LU

N

*3 DNMELZRETEHANANRRULKE
Tab.3 Low-grade heat used under four

evaporating temperatures

te/OC -20 -25 -30 -35
Q/kl 13573 14966 16868 20747
4 4518
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