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General equation
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EX1:Atank is initially filled with (100 Liter) of salt solution containing (1 N/L)
of salt. Fresh brine containing (2 N/L) of salt running in the tank at rate of (5
L/min) and the mixture kept uniform and runs out at the same rate. Find:

1. The amount of salt in the tank at any time.

2. How long it will take for this amount of salt to reach 150 N.

Qin=5 L/min |
Cin=2 N/L l,
V=100L —= Qout =5 L/min
Co=1N/L Cout ?
Sol:
dw N G c
E_ Qin X Cin — Qout X Cout
Qin =5 L/min ., Cin =2 N/L
Qout =5 L/min
C _ w _ w _ w . w
Ut ™y (Qin—0Qpur)*t 100+(5-5)+t 100+(0)xt 100
dw L N ) w
T (Smirl X Zf) — (5 L/min xm)
dw 1O—W _200—W
dt 20/ 20
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ec = k constant
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200 —W=ke 20
_t
W=200- ke 20
Apply boundary condition: at t =0, w=Co xV =1x100=100 N
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100=200- k e 20 - k=100
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W=200-ke 20
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W=200- 100 e 20
1- W=150 N , t=?
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W=200- 100 e 20
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50 _t N _t
T 20 — 20 )
100 e 0.5 e by ln both sides
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50 In0.5 > 50~ —0.693

t=13.86 min




Newton’s law of cooling states that the time rate of an object raises as
the difference in temperature between object and surroundings.

d .
Newton law = d—ltt = k (u — sorrounding temperature )

u= temperature of object after (t) time
k= constant
sorrounding temperature: damsall 3 ) all 4y

Ex2:1f an object cools from 80 C° to 60 C° in 20 minutes, find the
temperature in 40 minute if the surrounding temperature =20 C°

Sol:
du .
I = k (u — sorrounding temperature )
du
S T
f}u—zoy‘f
Ln /u-20/ =kt + ¢ by e*
u-20 = ekttc
u—20 = ekt .ef
u—20 =ekt ¢ (e€ = C)

u=C_Cekt + 20




Apply boundary condition: at t =0, 2 u = 80 C°
u=_Cekt + 20

80 = C ek*0 + 20

80 - 20 =C ek*°
60=C

C =60

u=Cekt + 20

u =60 ekt + 20
Apply boundary condition at t =20, 2 u = 60 C°
u =60 ekt + 20

60 = 60 ek*20 + 20

K=-0.02027
u=60 e—0.02027*t + 20
att=40 min

u=46.7C°
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