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fic heat capacity of dried layer (J 1Ky K) =

EEX

2 Insert Necessary Properties

length of condenser (m) =

molecular weight of water (kg ¢ kgmol

specific heat capacty of uas (J /KK =

specific heat capacty of frozen layer (J f K] = s | | |
leran J universal gas constant (J f KgmolK) = radius connector between chamber and condenser (m) =
|s3145 || oot |

167472 | denstty of ice (g im*3) =

length of chamber to condznser () =

|
viscosity of gas (Kg /m.s) = [g20

I | ]

r.85e-5 |

thermal conductivity of ice (J / mK.5) =

temperaturs of tray () =

density of dried layer (Ko /m*3) = 21

] |2s0 |

145 13 |

Knudsen diffusivity (m"2 fs) =

temperature of condenser (K=

lensty of frozen layer (kg {m3) = 34525

| |= |

ISBS 82

thermal canductviy of drisd layer (J /m K 5] =

> of porous media (Mis) =

EeleAhickDiEat) (T
[ [e.00s |

|U.D41

enthalpy of sublimation (J § Kg) =

sample ares (M"2) =

5
thermsl conductivity of frozen layert) fmK s) = 2638630
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A mathematical model was developed for freeze drying in which the dimensions and
specifications of the condenser were considered for the first time. An appropriate program
was written using MATLAB to solve model equations and simulate the process. The software
successfully simulated the drying data of a suspension of 20% milk recorded in a lab scale
freeze dryer. The simulator was then used to investigate the effect of dryer specifications on
the timing of primary and secondary drying stages. The results showed that primary drying
time is proportional to sample thickness squared, but the secondary drying time is less
dependent. Condenser temperature nonlinearly affects both drying times. Dependency
weakens with an increase in drying chamber temperature and eventually disappears at
chamber temperatures above 255K for primary and 330K for secondary stages. The results
also showed that a decrease in the condenser heat transfer area from 2 to 0.5 m® per kg of
initial water will increase secondary stage drying time from 11 to 12 hours.

Keywords: Condenser, Freeze dryer, Mathematical model, Milk, Simulation, Software
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