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Mathematical modeling of cooling unit from a vacuum heat pump dryer
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Abstract

This paper proposes a preliminary mathematical model of cooling unit from a vacuum heat
pump dryer. The mathematical model includes sub models of all basic components, namely,
condenser in dry chamber, capillary tube, compressor, cooling water tank and cooling coil in the
cooling water tank. The mathematical model is coded into a computer program for evaluating the
water temperature in the cooling water tank, time used for reaching that temperature and cop of the
system. This mathematical model will be developed to design this system and use to study
appropriate system configurations, control system, and design parameters of prime importance to the
system.

Keywords: vacuum heat pump dryer, mathematical model, cooling water tank
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A1 Uy, Mlsindloun Uy, Miosuneliluiade 2.3.1
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A total area (m”)

C capacity rate (kW/k), capacity rate ratio
= Cin/Crnax (dimensionless)

C specific heat (kJ/kg/k)

COP  coefficient of performance
(dimensionless)

DP total pressure drop (kPa)

DPH  high side pressure drop (kPa)

DLP  Low side pressure drop (kPa)

DSH  degree of superheat (L1C)

f fraction (dimensionless)
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g Gravitational acceleration (m/s’)

Grp Grashof Number (dimensionless)

h enthalpy (kJ/kg), heat transfer coefficient
(KW/m’/K)

Nasr enthalpy of saturated air evaluated at
refrigerant temperature (kJ/kg)

haswm enthalpy of saturated air evaluated at
mean water film temperature (kJ/kg)

k thermal conductivity (kw/m/k)

Le Lewis Number (dimensionless)
m,  mass flow rate (kg/s)

m mass of water in cooling water tank (kg)
N number of transfer unit (dimensionless)
Nu,  Nusselt Number (dimensionless)

P refrigerant pressure (kPa), power (kW)
PCD  compressor discharge pressure (MPa)
PCS  compressor suction pressure (MPa)

Pr Prandtl Number (dimensionless)

Ap pressure drop (kPa)

q heat transfer rate (kW)

9.,  heatrejection rate of cooling coil

calculated from enthalpy difference

between inlet and exit of two phase

region (kW)

9.,  heatrejection rate of cooling coil in two
phase surface evaluated from overall
heat transfer coefficient equation (kW)

Ra Rayleigh number (dimensionless)

t temperature (L1Q)

- ambient air temperature ([]C)

t, water temperature at end of interval of

one minute (L1C)

tus water temperature at beginning of

interval of one minute ([ ]Q)

v o LA |
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t  Wetbulbair temperature (L1C)

U overall heat transfer coefficient

(KW/m°/k)

Umy overall heat transfer coefficient for wet

surface based on enthalpy difference (KW/m>/k)

w air humidity ratio (kg water/kg dry air)

Wgs  compressor work input (kl/kg)

Weum air humidity ratio of saturated air
evaluated at mean water film
temperature (kg water/kg dry air)

X refrigerant quality (dimensionless)

Greek letters

B thermal expansion coefficient (K"
o fin efficiency (dimensionless)
& effectiveness of heat exchanger

(dimensionless)

n )i electric motor efficiency of rotary

compressor (dimensionless)
Ny mechanical efficiency of rotary
compressor (dimensionless)

M ¢ dynamic viscosity of saturated

refrigerant (kPa.s)

g eighth pi term (dimensionless)

Subscripts

a air,acceleration

as air side

C condenser,condensing

cap  capillary tube

comp compressor

d dehumidification,dew point,dry
dsh desuperheating section

e evaporator,evaporating

f saturated liquid
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fin fin
g saturated vapour
i inlet,inside

\ liquid line
m mean
max maximum

min minimum

o) outlet, outside

r refrigerant

rb return bend

rs refrigerant side

sC subcooled section
sh superheated section
st straight tube

t tube

tp Two phase section
W wet,water

WS water side



