
2/9/99
CLASS PROBLEM

An evaporator has a heat transfer surface area that allows the transfer of heat at the rate of
105,506 kJ/hr.  If this evaporator is concentrating apple juice from 10 to 45 wt% solids
under vacuum at 95°C, how much 10% apple juice can be processed per hour?

 Given:
The 10% juice enter the evaporator at 95°C and 45% juice leaves the evaporator at 95°C.
The specific heat of the 10% juice is 4 kJ/kg K and of the 45% juice is 3.2 kJ/kg K.

Solution:

Basis :  1 hour of operation

Total Energy Balance:

qfeed  + qsteam  = qwater vapor  + qproduct  + qcondensate

Treference = 0oC

qfeed  = mfeed Cp feed  (Tfeed  - Treference ) = mfeed (4) (95 - 0) = 380 mfeed

qproduct= mproduct Cp product (Tproduct - Treference) = mproduct(3.2) (95-0)=304 mproduct

qsteam  - qcondensate = qproduct - qfeed + qwater vapor =  105 506 kJ  (Equation 1)

qwater vapor = mwater vapor ∆Hwater vapor  = mwater vapor (2270 kJ/kg)

Steam
Used Steam

Water vapor

Apple Juice
10% TS
95oC

Concentrated
Apple Juice
45% TS
95oC



Total Material Balance:   mfeed  =  mwater vapor  +  mproduct

Solids Balance:   mfeed (0.1)  =     mproduct (0.45)

mfeed =   4.5  mproduct

mwater vapor =   3.5  mproduct

Put these relationships in Equation 1:

304 mproduct - 380 mfeed + 2270 mwater vapor = 105 506 kJ

304 mproduct - 380 (4.5) mproduct + 2270 (3.5) mproduct = 105 506

mproduct = 16.13 kg

mfeed = 72.6 kg 10% apple juice can be processed.


