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Product x average
(cm)

y average
(cm)

z average
(cm)

Volume
(cm3)

raw 2.67 2.75 3.11 22.78
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Condition % Expansion
Oil Temperature

( οC )
Vacuum Pressure
( cm Hg vacuum)

∆VX

(%)
∆VX

(%)
∆VX

(%)
Volume

(%)
100 70 3.37 6.61 1.45 12.06
120 50 1.75 9.09 0.75 12.10
120 60 6.68 13.09 2.95 20.71
120 70 11.05 13.64 9.16 38.09
140 70 11.24 24.12 13.45 57.02
165 0 3.25 10.30 5.31 20.22

z

y

x

100
V

)V-(VV
x0

x0x
x ×=∆

100
V

)V-(VV
z0

z0 z
z ×=∆

(3.2)

(3.1)

(3.3)

100
V

)V-(VV
y0

y0 y
y ×=∆
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Composition Fresh Oil Machine Pan
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m-oil
m-product
m-water
Cp-oil

Cp-product

Cp-water

hfg-water atm
(λatm)
hfg-water vac
(λvac)
wc

oil
product
kg/day/pan

kg/day/machine

11.03 kg
0.16 kg
0.10 kg
2.11 x10 3

J/kg οC
3.30 x10 3

J/kg οC
4.18 x10 3

J/kg οC
2257 x10 3
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2355.18 x103

J/kg
65%
12 L
160 g
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Moreira et al.,1999.

Cp=1.675+0.025wc
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Thermodynamics, 2545
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Vacuum AtmosphericTypical
No Pump Pump Pan Machine

Oil Temperature (οC) 120 120 165 180
Frying Time (s) 240 240 150 40
Heat Oil Initial (x103J) 2090.25 2090.25 3135.37 3483.75
Heat Oil Again (x103J) 232.25 232.25 232.25 232.25
Heat of Vaporization (x103J) 229.87 229.87 220.28 220.28
Energy of Vacuum pump (x103J) 0.00 115.20 0.00 0.00
Energy Usage per batch (x103J) 2552.36 2667.56 3587.90 3936.28
Energy Saving/Pan (%) 28.86 25.56 0.00 -9.71
Energy Saving/Machine(%) 35.16 32.23 8.85 0.00
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