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1. (a) (i) 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Assuming Patm = 0, air = 0, 
 
PC + mercurygh = 0 
PC = PA 
PB = PA + Ag(0.2) 
     =  -(13600)(9.81)(0.35) + (1250)(9.81)(0.2) 
     = -44243.1 Pa 
     = -0.442 bar 
 
1. (a) (ii) 
 
With hole, PC = PA = Patm = 0 
PB = Ag(0.2)  
     = (1250)(9.81)(0.2) 
     = 2452.5 Pa 
mercurygh = 0 
h = 0 
  

 

Point A 

Point C 



1. (b) (i) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. (b) (ii) 
 
Volume of block = (0.2)(1)(0.33) 
                                = 0.066 m3 

 = tan-1(
0.33

1
) 

   = 18.263 
FB = 0.5(0.066)(1000)(9.81) 
     = 323.73 N 
Fg = (0.066)(s)(9.81) 
     = 0.64746 s 
 
Taking pivot at P,  
∑M = 0 

Fg √0.52 + 0.1652 = FB(
1

3
cos() + 0.22sin()) 

0.64746 s√0.52 + 0.1652= 323.73 (0.38549) 
s = 366 kg/m3 
 
Taking upwards as positive, 
∑Fy = 0  
FB - Fg – P(0.2) = 0 
323.73 - 0.64746(366.07) – P(0.2) = 0 
P = 434 N/m 
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P 
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2. (a) (i) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Assuming Patm = 0, V = 0 at top of tank, no head loss, 
Bernoulli’s equation top of tank to orifice: 

h + 0.3 = 
𝑉2

2𝑔
 + 0.3 

h = 
𝑉2

2𝑔
  

V2 = 2gh 
F1= Mout – Min 
    = QV – 0 
    = V2A 
    = 2000gh(/4)(0.1)2 = F2 = Friction, when tank just start to move. 
Friction = µN 
                = 0.01[240 + g(/4)(1.2)2(h+0.3)] 
 
2000gh(/4)(0.1)2 = 0.01[240 + g(/4)(1.2)2(h+0.3)] 
h = 0.82705 m 
Total height = 0.82705 + 0.3 
                        = 1.127 m 
 
2. (a) (ii) 
 
1. Water flows out horizontally in a 10cm diameter circle at constant speed. 
2. Water flows out at a height of 30cm from the bottom. 
 
2. (a) (iii) 
 
Rightwards. 

 

F2 on tank 

Friction 

water flow, 
F1 on water 



2. (b) (i) 
 
 
 
 
 
 
QB =  
      = QA (continuity) 

VA = 
20(π/4)(0.05)2

(π/4)(0.1)2  

         = 5 m/s 
 
Assuming zA=zB, Patm = 0, no head loss, 
Bernoulli’s equation A to B: 
𝑃𝐴

g
+

𝑉𝐴
2

2𝑔
=

𝑉𝐵
2

2𝑔
  

PA = 1000g(
202

2𝑔
−

52

2𝑔
) 

     = 187.5 kPa 
 
2. (b) (ii) 
 
Momentum equation in x-direction (right as positive): 
Fx = Mout – Min 
     = QBVB – 0 
     = 1000(20(π/4)(0.05)2)(20) 
     = 785 N  
 
Momentum equation in y-direction (up as positive): 
Fnet, y = Mout – Min 
          = 0 - QAVA 

          = -1000(20(π/4)(0.05)2)(5) 
          = -196.35 N 
Fnet, y = PAApipe + Fy 
Fy = -196.35 – 187500π(0.05)2 
     = - 1669 N 
  

 

Anoz = (π/4)(0.05)2 

Apipe = (π/4)(0.1)2 

A 

B 

Control 
Volume 

20(π/4)(0.05)2 
 



3. (a)  
 
1. Dimensional analysis simplifies problems by reducing the number of 
variables to work with, allowing analysis to be performed in an organized, 
meaningful, and systematic manner. 
2. Dimensional analysis helps to solve problems that cannot be solved 
analytically without the use of experimental data. 
 
3. (b) (i) 

 

 

 

 

 

 

 

 

 

Hence, due to a conflict in the length scale used, it is not practical to satisfy 

both the Re and Fr similarity simultaneously if the same fluid is used. 

 

3. (b) (ii) 

 

For both Re and Fr similarity, 

𝑉𝑝

𝑉𝑚
=

𝐿𝑚

𝐿𝑝
 
𝑝

𝑚
 = √

𝐿𝑝

𝐿𝑚
 , if gm = gp 

𝑝

𝑚
=

𝐿𝑝

𝐿𝑚
√

𝐿𝑝

𝐿𝑚
  

r = (Lr)1.5 

 

  

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)  

 

Assumptions: 

1. Fully developed, steady, incompressible, Newtonian fluid flow. 

 

For Re similarity, 
𝑄𝑝

𝑄𝑚
=  

𝑉𝑝

𝑉𝑚
(

𝐿𝑝

𝐿𝑚
)

2
  

      = 
𝐿𝑝

𝐿𝑚
 

Qm = Qp 
𝐿𝑚

𝐿𝑝
 

       = 0.1(
1

10
) 

       = 0.01 m3/s 
 
For both Re and Fr similarity, 
r = (Lr)1.5 

     = (10)1.5 

       = 31.62 
  



3. (d) (i) 
 

V2 = 
𝑄2

𝐴2
 

    = 
(0.1)2

((𝜋/4)(0.3)2)2 

    = 2.0014 m2/s2 

Entrance loss = 0.5 
𝑉2

2𝑔
 

Exit loss = 1.0 
𝑉2

2𝑔
 

hf = 
8𝑓𝐿𝑄2

𝑔𝜋2𝐷5 

    = 
8(0.02)(200)(0.1)2

(9.81)𝜋2(0.3)5  

    = 1.3601 m 

 
Assuming Patm = 0, V = 0 at top of reservoir, 

Bernoulli’s equation A to B: 

zA + hp = zB + hf + 0.5 
𝑉2

2𝑔
+ 1.0 

𝑉2

2𝑔
  

hp = zB + hf + 0.5 
𝑉2

2𝑔
+ 1.0 

𝑉2

2𝑔
 – zA 

     = 130 +1.3601+0.5 
2.0014

2(9.81)
 +1.0 

2.0014

2(9.81)
 -100 

     = 31.513 m 

Fluid power = (1000)(9.81)(0.1)(31.513) 

                         = 30914 W 

Shaft power = 
30914

0.8
 

                        = 38.64 kW 

 

3. (d) (ii)  
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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) 

 

P = f(Q, D, , H, , g) 

 

Their dimesions are: 

P = [ML2T-3] 

Q = [L3T-1] 

D = [L] 

 = [T-1] 

H = [L] 

 = [ML-3] 

g = [LT-2] 

 

Using D, ,  as repeating variables, ∏ term for P: 

∏1 = P a  b Dc 

Using MLT system: 

ML2T-3MaL-3aT-bLc = M0L0T0 

1 + a = 0 

2 + c – 3a = 0 

-3 – b = 0 

Solving: a = -1, c = -5, b = -3 

∏1 = 
𝑃

3𝐷5 

  



4. (c) (i) 

 

Assuming Patm = 0, v = 0 at top of reservoir, 

hA = 60 m, hB = 50 m, hC = 30 m, hD = 10 m 

Ignoring minor losses, 

hf = h1 – h2 

     = KQ2 

|Q| =√
|ℎ1−ℎ2|

𝐾
     

Q1 + Q2 + Q3 + Q4 = 0 (continuity, take into J as positive and out of J as 

negative) 

 

|Q1| = √
|60−ℎ𝐽|

476
  

|Q2| = √
|50−ℎ𝐽|

272
  

|Q3| = √
|30−ℎ𝐽|

408
 

|Q4| = √
|10−ℎ𝐽|

340
 

 

Guess: 

Q1 into J, Q2 into J, Q3 into J, Q4 out of J 

Using G.C., solve for  |Q1| + |Q2| + |Q3| - |Q4| = 0,   10 < hJ < 30 

No solution for hJ 

 

Guess: 
Q1 into J, Q2 into J, Q3 out of J, Q4 out of J 

Using G.C., solve for |Q1| + |Q2| - |Q3| - |Q4| = 0,   30 < hJ < 50 

hJ = 37.928 m 

 

Thus, 

Q1 = 0.215 m3/s into J 

Q2 = 0.211 m3/s into J 

Q3 = 0.139 m3/s out of J 

Q4 = 0.287 m3/s out of J 

  



4. (c) (ii) 
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