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Influence of Mixture Composition on Cooling Rate of a Freeze-Dryer
with an Auto-Cascade Refrigerating System

WANG Qin', CHEN Fusheng', XIA Peng?, CHEN Guangming'
(1. Institute of Refrigeration and Cryogenics, Zhejiang University, Hangzhou 310027, China; 2. College of Mechanical
Engineering, Shanghai University of Engineering Science, Shanghai 200336, China)

Abstract: A quasi-steady state simulation was conducted on the cooling process of a freeze-dryer
with an auto-cascade refrigerating system using a rectification column, It is found that, unlike the
system with a pure refrigerant, a peak value of the volumetric refrigerating capacity occurs as the
cycle pressure level varies at a specified mixture composition and a pressure ratio. Optimization of
the cycle refrigerating capacity was also performed at the different mixture compositions and the
influence of the mixture composition on the cycle refrigerating capacity at different temperature
levels in the cooling process was analyzed. The two new concepts, total unit cooling time and unit
cooling time, were applied for the detailed analysis on a special case in which the heat capacity of
a freeze-drying sample was much smaller than that of the shelf evaporator. An experimental
freeze-dryer with an auto-cascade refrigerating system using a rectification column was designed
and it operated steadily from —60 C to —80 ‘C. The simulation results are in consistency with
the experimental data.
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