Mixing Problems Sect 2.3



Sec 2.3: Introduction to Math Modeling

Mixing Problems

We are looking for the amount of salt in the tank as function of time.

Where:

Q(t) := amount of salt (pounds) in the tank at time ¢ (minutes).
V() := volume of water (gallons) in the tank at time .
¢i(t) := inflow salt concentration at time ¢.

¢o(t) := outflow salt concentration at time ¢.

QL ¢,
ri(t) := inflow rate at time ¢. s \TG‘J e
/
t=Civ; ~
ro(t) := outflow rate at time ¢. Q (&) ZC" ", ‘6" "o
a W?u,d‘ «Q h.auﬁ
1A
Rate at which salt enters the tank := r;(t)c;(t) ‘ v(a)= Vs
Rate at which salt leaves the tank := 7,(t)co(t) Q- Q
< Re
where ¢, := % Then, by conservation law:

Rate of change of salt in the tank := 7;(t)c;(t) — ro(t)co(t)

That is,
Q)

Q'(t) = ri(t)ci(t) — To(t)m, Q(0) = Qo











































































































































































































































V'@w= vi~r
€
How to get V(t)? Notice that V'(¢) = r;(t) — 7o(t). This yields, V ((") = [ (V; (s)- Vg CS)S OAS + Vo)
o

V(t) - V(0) = t Ti(8) — 1ro(8) ds +
A v~ v =/ (rits)~ Vo L)y
[}

Having V (t) we can solve

Q'(t):n(t)cz'(t)—ro(t)g—g, Q=@ DY =Vt "
RS

V= <
Note: If 7;(t) = r,(t) for all £, then V(t) = V(0) for all ¢. 12V V(:é) >UC°)

Ex.1 A tank initially contains 1000 gal of water in which is disolved 20 1b of salt. A valve is opened
and water containing 0.2 lb of salt per galon flows into the tank at the rate of 5 gal/min. The

mixture in the tank drains from the tank at the rate of 5 gal/min. , QW
(a) Find Q(t), the amount of salt in the tank after ¢ minutes. Q E=Ci¥e —Cu¥o = Cilg = (:‘:).
._ 021y v
v(d= looega\ 6" - . /.3(( V (-e) '=LV‘L "re) £ + U(.O)
. b R -
Q) =201b of s.lf Py = 9)./»«.& =7
, Q® Y® = V@ € (7, ~ro)€ = V(o) = (0004
QW -02-5-5g NSNS
( i =Vyas

Qlce)g ). - S‘QLQ @ Q“\' _—Q- i

(000 Zoo Lsh outen, liees Uou-Yorasua, 0.

Solee wMy TF wiHed
Q'+ z%zq Qo) =29 lbs

+
> veon:) 2200 o /.

Q) Mulf bt sih by mE) D Selot &r Q). Q=200 +C e 7200

(b) Find the limiting value: lim Q(t).
t—o0

Limetirs A"‘”“*Jr:tli?w 220=204¢c = C=-j50

QAEE) = 208 ~ 150,








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Ex.2 Consider a 3000 gal tank that is 2/3 full of water. Also, assume that it has 100 b of additive.
If ¢; =2 Ib/gal, r; =40gal/min and r,=10gal/min, answer the following.

(a) What is the volume V'(¢)? V) = V() .@(l.( o~ lO}-& =200 4 S0t
AN

Qo= 100 (b ¢ =t
) Q) » - Qe . Qlg
QeL) CLA -Ce#, =2 140 Vib) 21 SO 4/ +200-+3{: b4

Fob a-o’n—-/ [,\‘W) M"l“lv“‘lgﬁte

(b) Find Q(t).

Solq. ‘-y 9: F’
®s.F f——' dt Y% la( 200 +3€) )
@Build U bader nl9= e ordt = e e hulena 3%) mksc“”"&sa)"

G Mut b Moo b, mlY = (20013¢) 13
G&) 'Cm ’-3-&)?’= 30 (2(5 +3EJ y /WF
@mdegde beth sidur Q( (20m e36) o= g0 flracrae) Bole = B2 1 15y, . 20-3 Re

G(+) (2 'rH-)l" =20 (2004 s-a)%-.c

Qe = 20(200 +3€) +C(2r0mr3g) % 2 Q)< 0o ’420(390)1'6(200\%) e 200e3€
du b 8.“&
(¢) When is the tank full?
do _ 4¢
When  duk }lf"' M/ preces S",'U‘ iogg:?.oeqfsc)tww,bh\a_qt 3
[T 30 = L&":\‘U &























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































