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1000 kg
10% Solids

s

Evaporation
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Water X kg

L4 -~

Y kg
95% Solids
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v
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1- Total marital balance (ST ALY ¢ 5) 8

Marital in = Marital out
10% Solids = 95% Solids + Water
1000 =Y+ X cccevveeerreneeen. (1)

2- Solids balance <l oSall aal Llall o) sl e A1 ¢ 5) 5

Solids in.= Solids out

1000 V Y & +X 0

¥ —— = k —_— X —
100 100 100

100 =Y 0.95 ...ve..icioe. (2)

Y—100~105k Powdered milk
=09t = g Powdered mi
1000 =105+ X

X =1000 - 105 = 895 kg Water vapor
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(72°C) oY (30 °C) (+ N A Jila (2 Adiiud a3 qualal) (s 3S (5000) el /Sl
Jaleall 4S5 die g (95 °C) Jaluall Al gda die plall 3 ) ja da o CillS M ¢ plal) aladindy

o e gluall 4uas cual (75 °C)

(1 KW) s &l lsdll ) heat loss 3 sl ol o

(4.2 KJ/Kgc®) » heat capacity of water slall 43 jall 4l

(3.9 KJ/Kgc®) +» heat capacity of milk Gulall 4 ) all dxu)
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5000 kg Milk
S A Jila g
30°C 72°C
Heat
Water: Exchanger
75°C 95°C

Sl jal) A3l 5 gladl
1 — Kinetic and potential energy in the energy balance equation are negligible
Jagis A guana i AU () 3) 55 Aokaa 8 Rl 8L 5 S ) 6L
2 —pump is not included in the system (Ws=0)
caldail) Adiiac s Y
3 — Heat capacity of liquid does not change significantly with temperature .
Bl da 5o ae i Y Ay ) ad) Aad)
4 — the system is at steady state A5 Als & Uaill
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asthal) o)) g3 A0S YAl 3 gladl)
Energy balance
Rate of energy input = my in X Hwin + Mmin X Hmin
ala)al) aaal)
Rate of energy output = my out ¥ Hw out + Mm out X Hm out + C
i L2l 8L
w elell (Water) s m cudsll (Milk) <o all Sine muia 5
AT
H = Enthalpy J/kg &
m = mass flow rate Kg/s 4éisall 3alall 408
{ = heat transferred to or from the system 4l ) ‘alaill (e &iiiall 35) jal)

Rate of energy input = rate of energy output
Aalall 28l Jaxe dalal) A8 Jaes

Muwin ¥ Hwin + Mmin X Hmin= Mw out X Hwout + Mmout X Hmout + C ....(1)

1) The enthalpy of water stream =  slall IUSY
Input = Hy in = CPT = 4.2 x 95 =399 KJ/Kg 4l
Output = Hy out = CPT =4.2:x 75= 315 KJ/Kg 4 &l

2 ) The enthalpy of milk stream = —ulall LY

Input = Hpin = CPT = 3.9 x 30 = 117 KJ/Kg 41l

Output = Hin ou = CPT. = 3.9'% 72 = 280.8 KJ/Kg a3l
O3 S ANA e YU A1 g (1) Ailaa 3 i saly

My in = My out= My

And

M in = Mm out

My, x 399 + 5000 x 117 =my, x 315 + 5000 x 280.8 + 1

M,, x 399 + 585000 = my, x 315 + 1404001

M,, = 1404316 - 585399

M, = 818917 Kg/h
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