
2.003 Spring 2002 Problem Set 11 - Solutions

Problem 1 - Palm 5.2

qi = input, h1, h2 = outputs
q1 = Change of mass tank 1 = A1ḣ1ρ

q2 = Change of mass tank 1 = A2ḣ2ρ

qR1 =
P1

R1
=

ρgh1

R1

qR2 =
P2

R2
=

ρgh2

R2

Conservation of Mass

q1 = qi − qR1 = A1ḣ1ρ = qi − ρgh1

R1

A1ḣ1ρ +
ρgh1

R1
= qi

q2 = qR1 − qR2 = A2ḣ2ρ =
ρgh1

R1
− ρgh2

R2

A2ḣ2 +
g

R2
h2 =

g

R1
h1

Problem 2 - Palm 5.5

A = 20 ft, δ = 1.94 slugs/ft3

RL =
25000
ft s

, ν = 2x10−5lb− sec/ft2

1)

h0 = 30 ft

Aρḣ +
ρgh

RL
= 0

τ =
AρRL

ρg
=

ARL

g
=

20 ∗ 25000
32.2

ft2s2

ftsft
= 15528s = 4.31 hrs

4τ = 17.25 hrs

2)

hss =
ρqiRl

ρg
=

0.1 ∗ 25000
32.2

= 77.64 ft

h(t) = 77.64(1− e−
t
τ )

1− e−
t
τ =

1
3

t(1/3) = −τ ln (2/3) = 1.75 hrs

Problem 3 - Palm 5.24
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2.003 Spring 2002 Problem Set 11 - Solutions

Using conservation of energy

d

dt
C1T1 = q − q1 = q − 1

R1
(T1 − T2)

C1Ṫ1 +
1

R1
T1 = q +

1
R1

T2

d

dt
C2T2 = q1− qo =

1
R1

(T1 − T2)− 1
R2

(T2 − To)

C2Ṫ2 + T2

(
1

R1
+

1
R2

)
=

1
R1

T1 +
1

R2
To
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