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1. (a)  
Inner velocity, v1 = 30 m/s 
Inner diameter, D1 = 0.02 m 
Inner area, A1 = (/4)(0.02)2 
                           = 3.1416*10–4 m2 
Outer velocity, v2 = 5 m/s 
Outer diameter, D2 = 0.025 m 
Outer area, A2 = (/4)(0.05)2 – A1 

                               = 0.0016493 m2 

Qtotal =  vA 
          = (30)(3.1416*10–4) + (5)(0.0016493) 
          = 0.017671 m3/s = Q at B (continuity) 
 
Total area, A3  = (/4)(0.05)2 
                            = 0.0019635 m2 

Velocity at B, v3 = Q/A3               
                               = 0.017671/0.0019635 
                               = 9 m/s 
 
Fnet = Mout – Min 

       = [(v3)2A3] – [(v1)2A1 + (v2)2A2] 
       = [(9)2(0.0019635) – (30)2(3.1416*10–4) – (5)2(0.0016493)] 
       = –164.93 N (Min > Mout , Fnet is acting leftwards) 
 
Fnet = FA – FB  
        = PA A3 – PB A3 

PA = 
−164.93 + (200∗103)(0.0019635)

0.0019635
 

     = 116 kPa 
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1. (b) 
 
 
 
 
 
 
 
h1 = increase in tube level = 0.3sin(15˚) m 
h2 = decrease in tank level 
Total height difference, H = h1 + h2 

 
Radius of tank = 8R 
Radius of tube = R 
Volume decrease in tank = Volume increase in tube 
π(8R)2h2 = πR2(0.3)  
h2 = 0.3/64 m 
H = 0.3/64 + 0.3sin(15 ˚) 
Assume Patm = 0 
PA = gH 
      = (1200)(9.81)(0.3/64 + 0.3sin(15 ˚)) 
      = 969 Pa 
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2. (a) 
 
At A,        
PA = 0            
VA = 0 
zA = 4 m (relative to C) 
 
At B, 
PB = ? 
VB = V 
zB = 5.2 m 
 
At C, 
PC = 0 
VC = V (continuity) 
zC = 0 
 
Bernoulli’s equation A to C: 

zA = 𝑉
2

2𝑔
+ 0.1 𝑉2

2𝑔
+ 1.5 𝑉2

2𝑔
 

V = √(4)(2)(9.81)
1+0.1+1.5

 

    = 5.4941 m/s 
Q = AV 
    = (/4)(0.15)2(5.4941) 
    = 0.0971 m3/s 
 
Bernoulli’s equation A to B: 

zA = 𝑃𝐵
𝑔

+ 𝑉2

2𝑔
+ 𝑧𝐵 + 0.1 𝑉2

2𝑔
 

𝑃𝐵
𝑔

 = 4 – 5.2 – (5.4941)2

2(9.81)
  – 0.1 (5.4941)2

2(9.81)
  

     = –2.89 m 
  

 

1.2m Pipe radius 
= 0.075m 

At D, 
PD = 0 
VD = V cos(45˚) (horizontal velocity only) 
      =  3.8849 m/s 
zD = zt 

 
Bernoulli’s equation C to D: 
𝑉2

2𝑔
 = 𝑉𝐷

2

2𝑔
 + zt 

zt = (5.4941)2

2(9.81)
 – (3.8849)2

2(9.81)
 

    = 0.769 m 
 

D 



2. (b) 
 
Weight = 3000gL3 
F1 + F2 = Upthrust 
               = 1000gL3 
F3 = gAhc 
     = 1000gL2(H+0.5L) 
∆y = 𝐼𝑐

𝐴𝑦𝑐
 

   = 
1

12𝐿4

𝐿2(𝐻+0.5𝐿) 

   = 𝐿2

12(𝐻+0.5𝐿)
 

a = 0.5L – ∆y 
 
∑ M = 0 
F3 a + (Upthrust)(0.5L)= (Weight)(0.5L) 
1000gL2(H+0.5L)(0.5L – ∆y) + 1000gL3(0.5L) = 3000gL3(0.5L) 
(H+0.5L)(0.5L – ∆y) + 0.5L2 = 1.5L2 

(H+0.5L)(6𝐿(𝐻+0.5𝐿)−𝐿2

12(𝐻+0.5𝐿)
)= L2 

6LH+3L2 – L2 =12L2 
6H = 10L 
H = 5

3
𝐿  
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3. (a)  
 
 
 
 
 
 
 
 
 
Hence, due to a conflict in the length scale used, it is impossible to satisfy 
both the Re and Fr similarity simultaneously if the same fluid is used. 
 
3. (b) 
 
 = f ( V, y, µ ) 
 
Their dimensions are: 
 = [ML-1T-2] 
V = [LT-1] 
y = [L] 
µ = [ML-1T-1] 
 
Using  V, y, µ  as repeating variables, only 1 ∏ term: 
∏1 =  Va yb µc 

Using MLT system: 
ML-1T-2LaT-aLbMcL-cT-c = M0L0T0 
1 + c = 0 
-1 + a + b – c = 0 
-2 – a – c = 0 
Solving: c = -1, a = -1, b = 1 
∏1 = y

𝑉µ
 = constant, i.e. 

 = constant µ𝑉
𝑦

 

 

Re = 𝑉𝐿
 

 
For Re similarity, 
VpLp = VmLm, if p = m 
𝑉𝑝

𝑉𝑚
= 𝐿𝑚

𝐿𝑝
  

Vr = (Lr)-1 

Fr = 𝑉
√𝑔𝐿

 

For Fr similarity, 
𝑉𝑝

√𝐿𝑝
= 𝑉𝑚

√𝐿𝑚
 if gm = gp 

𝑉𝑝

𝑉𝑚
= √

𝐿𝑝

𝐿𝑚
  

Vr = (Lr)0.5 

 
 
 



3. (c) 
 
Spillway flow is governed by similarity of Froude number. 
 
For Froude number similarity: 
𝑉𝑝

𝑉𝑚
= √

𝐿𝑝

𝐿𝑚
 when gp = gm 

𝑄𝑝

𝑄𝑚
= 𝑉𝑝𝐿𝑝

2

𝑉𝑚𝐿𝑚
2 = ( 𝐿𝑝

𝐿𝑚
)

5
2 

Lp = Lm( 𝑄𝑝

𝑄𝑚
)

2
5 

     = 1.0(87.1
0.1

)
2
5 

     = 15.0 m 
 
For similarity of Drag coefficient: 

𝐹𝑝

0.5𝑝𝑉𝑝
2𝐿𝑝

2 = 𝐹𝑚
0.5𝑚𝑉𝑚

2𝐿𝑚
2  

Fp = ( 𝑉𝑝
2𝐿𝑝

2

𝑉𝑚
2𝐿𝑚

2) 𝐹𝑚 

     = (𝐿𝑝

𝐿𝑚
)

3
𝐹𝑚  

     = (15.0
1.0

)
3

(5) 

     = 16865 N 
 
3. (d) (i) (ii) 
 
For laminar flow, use Poiseuille’s equation: 
128µ𝐿𝑄1
gπ(𝐷)4  = 128µ𝐿(𝑄2)

gπ(2𝐷)4 , µ, L, , g constant 

Q2 = 16 Q1, 1500% increase 
 
For turbulent flow, use Darcy-Weisbach equation: 
8𝑓𝐿𝑄1

2

gπ2(𝐷)5 = 8𝑓𝐿𝑄2
2

gπ2(2𝐷)5, f, L, g constant 

Q2 = √32 Q1 
      = 5.66 Q1, 466% increase 
  



4. (a) 
 
1. Re < 2100, in laminar flow regime, f is a function of Re only & is 
independent of /D, the equation is f = 64/Re. 
2. 2100 < Re <4000, in transition range, f is uncertain as flow may be 
laminar or turbulent. 
3. Re > 4000 but not in wholly turbulent flow regime, f depends on both Re 
and /D. 
4. Re very large and in the wholly turbulent flow regime, f depends on /D 
only, independent of Re. 
 
4. (b) 
Assumptions: 
1. Fully developed, steady, incompressible, Newtonian fluid flow. 
 
Using Darcy-Weisbach equation: 

5 = 8𝑓(100)(0.01)2

(9.81)𝜋2(0.1)5  

f = 0.0605 
 
From Moody diagram, turbulent smooth pipe curve does not reach  
f = 0.0605, therefore flow must be laminar. 
  



4. (c) (i) 
 
Assuming Patm = 0, v = 0 at top of reservoir, 
hA = 100 m, hB = 50 m, hC = 10 m 
Ignoring minor losses, 
hf = h1 – h2 

     = KQ2 

|Q| =√|ℎ1−ℎ2|
𝐾

     

Q1 + Q2 + Q3 = 0 (continuity, take into J as positive and out of J as negative) 
 

|Q1| = √|100−ℎ𝐽|
340

  

|Q2| = √|50−ℎ𝐽|
612

  

|Q3| = √|10−ℎ𝐽|
748

 

 
Guess: 
Q1 into J, Q2 into J, Q3 out of J 
Using G.C., solve for  |Q1| + |Q2| - |Q3| = 0,   10 < hJ < 50 
No solution for hJ 

 
Guess: 
Q1 into J, Q2 out of J, Q3 out of J 
Using G.C., solve for |Q1| - |Q2| - |Q3| = 0,   50 < hJ < 100 
hJ = 56.863 m 
 
Thus, 
Q1 = 0.356 m3/s into J 
Q2 = 0.106 m3/s out of J 
Q3 = 0.250 m3/s out of J 
 
  



4. (c) (ii) 
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