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1. (a) 

Assuming Patm = 0, VC = 0, no head loss, 
Bernoulli’s equation C to A: 
zC = 𝑉𝐴

2

2𝑔
 + zA 

VA = √(3 − 0.045)(2)(9.81) 
      = 7.6143 m/s 
Bernoulli’s equation C to B: 
zC = 𝑉𝐵

2

2𝑔
 + zB 

VB = √(3 − 1.5)(2)(9.81) 
      = 5.4249 m/s 
FA = Mout – Min 
     = QAVA – 0 
     = 1000(7.6143(𝜋/4)(0.09)2)(7.6143) 
     = 368.83 N  
FB = QBVB – 0 
     = 1000(5.4249(𝜋/4)(0.1)2)(5.4249) 
     = 231.14 N 
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1. (a)  
 
FBD of tank: 
 
 
 
 
 
 
 
 
∑Fx = 0 (taking right as positive) 
FR – FA – FBsin(45) = 0 

FR = 368.83 + 231.14sin(45) 
     = 532 N (direction of FR is correct as the value calculated is positive) 
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1. (b) 
 
 

 
 
When d = 0.15m, 
PA+(1000)(9.81)(0.15sin60)+(13600)(9.81)(h) = PB+(800)(9.81)(h) 
(PB – PA) = 1274.4 + 125568 h 
 
When d = 0.30m, h = 0.04m, if additional pressure P added to A, 
PA+P+(1000)(9.81)(0.3sin60)+(13600)(9.81)(0.04) = PB+(800)(9.81)(0.04) 
(PB – PA) - P = 2548.7 + 5336.64 – 313.92  
               = 7571.4 Pa 
 
h = 2(0.15)sin60 + 0.04 
      = 0.3 m 
 
(PB – PA) = 1274.4 + 125568 (0.3) 
                  = 38.9 kPa 
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2. (a) 
 

𝑢 = 𝑈 (
𝑦
𝑑)

1
𝑛 

 
When u = 10.50, y = 10, 

10.50 = 𝑈 (
10
𝑑 )

1
𝑛

 

𝑛 ln (10.50) = ln (10 (
𝑈
𝑑)) 

ln (
𝑈
𝑑) = 𝑛 ln(10.50) − ln(10) 

 

When u = 7.42, y = 5, 

7.42 = 𝑈 (
5
𝑑)

1
𝑛

 

ln (7.42) =
1
𝑛 ln (5 (

𝑈
𝑑)) 

ln (
𝑈
𝑑) = 𝑛 ln(7.42) − ln(5) 

 
𝑛 ln(10.50) − ln(10) = 𝑛 ln(7.42) − ln(5) 
𝑛 = 1.9964 
 
𝑑𝑢
𝑑𝑦 = 𝑈 (

1
𝑛) (

𝑦
𝑑)

(1
𝑛 −1)

(
1
𝑑) 

𝑑𝑢
𝑑𝑦 = 𝑈 (

1
𝑛) (𝑦)(1

𝑛 −1) (
1
𝑑)

(1
𝑛 −1)

(
1
𝑑) 

𝑑𝑢
𝑑𝑦 = (

1
𝑛) (𝑦)(1

𝑛 −1) (
𝑈

𝑑
1
𝑛

) 

 

(
𝑈

𝑑
1
𝑛

) =
10.50

10
1
𝑛

 

            = 3.3135  
 
 = µ 𝑑𝑢

𝑑𝑦
 

At y = 0.5, 
 = 0.00235 N/m2 

At y = 1.0, 
 = 0.00166 N/m2 

  



 
 
 
2. (b) 
 
Centroid A (from pivot) = 4 m 
Centroid B (from pivot) = - 1

3
(10sin60) 

                                               = - 2.8868 m 
Centroid = 4(10)(8)−2.8868(0.5)(10)(10sin60)

(10)(8)+(0.5)(10)(10sin60)
 

                  = 1.5815 m (above pivot) 
 
 
 
 
 
IA about hC = 1

12
(10)(8)3 + (8)(10)(4 − 1.5815)2 

                     = 894.60 m4 
IB about hC = 1

36
(10)(10sin60)3 + (0.5)(10)(10sin60)(2.8868 + 1.5815)2 

                      = 1044.9 m4 
Total IC = 894.60 + 1044.9 
               = 1939.5 m4 
 
For no moment about pivot, y = 1.5815 m 
 
1.5815 = 𝐼𝐶

𝐴𝑦𝐶
 

              = 1939.5
[(8)(10)+(0.5)(10)(10sin60)] [ℎ+8−1.5815]

 
 
h = 3.53 m 
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3. (a) 
 
Laminar flow is characterized by fluid particles following smooth paths in 
layers, with each layer moving smoothly past the adjacent layers with little 
or no mixing. 
 
Turbulent flow is fluid motion characterized by chaotic changes 
in pressure and flow velocity. 
 
3. (b) (i) 
 
 
 
 
 
 
 
 
 
Hence, due to a conflict in the length scale used, it is generally 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
  

      = ( 𝐿𝑝

𝐿𝑚
)

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) 
 
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 (shown) 

 
  



3. (d) (i) 
 
Fluid power = gQhp 
                         = (1000)(9.81)(0.05)(15) 
                         = 7357.5 W 
Shaft power = 7357.5

0.75
 

 
                         = 9810 W 
 
3. (d) (ii) 
 
For similarity of flow coefficient: 

𝑄1

1𝐷3 =
𝑄2

2𝐷3 

Q2 = Q1 2
1

 

      = (0.05) (1800
1200

) 
      = 0.075 m3/s 
 
For similarity of head rise coefficient: 

𝑔𝐻1

1
2𝐷2 =

𝑔𝐻2

2
2𝐷2 

H2 = H1 (2
1

)
2

 

      = (15) (1800
1200

)
2

 
      = 33.75 m 
  



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) (i) 
 
V = 𝑄

𝐴
 

    = 0.0000393
(𝜋/4)(0.05)2 

    = 0.02 m/s 
 
Re = 𝑉𝐷


 

      = (0.02)(0.05)
(1∗10−6)

 

      = 1000 < 2100 (laminar flow regime) 
 
4. (b) (ii) 
 
VC = 2(0.02) 
      = 0.04 m/s 
       
  



4. (c) (i) 
 
Assuming Patm = 0, V = 0 at top of reservoir, 
Bernoulli’s equation A to B: 
zA = zB + hf 
 
48 – 45 = (10.63+21.25)Q2 

Q = √ 3
(10.63+21.25)

 

    = 0.307 m3/s 
 
4. (c) (i) 
 
Assuming Patm = 0, v = 0 at top of reservoir, 
hA = 48 m, hB = 45 m, hC = 35 m 
hf = h1 – h2 

     = KQ2 

KQ2 for pipe 3 = 21.25Q2 + 0.5 𝑄2

𝐴2(2𝑔)
 

                            = 21.25Q2 + 0.5
[(𝜋/4)(0.6)2]2(2)(9.81)

 Q2 

                            = 21.569Q2 

|Q| =√|ℎ1−ℎ2|
𝐾

     

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

|Q1| = √|48−ℎ𝐽|
10.63

  

|Q2| = √|45−ℎ𝐽|
21.25

  

|Q3| = √|35−ℎ𝐽|
21.569

 

 
Guess: 
Q1 into J, Q2 out of J, Q3 out of J 
Using G.C., solve for  |Q1| - |Q2| - |Q3| = 0,   45 < hJ < 48 
No solution for hJ 

 



Guess: 
Q1 into J, Q2 into J, Q3 out of J 
Using G.C., solve for |Q1| + |Q2| - |Q3| = 0,   35 < hJ < 45 
hJ = 44.717 m 
 
Thus, 
Q1 = 0.556 m3/s into J 
Q2 = 0.115 m3/s into J 
Q3 = 0.671 m3/s out of J 
 
4. (c)(iii) 
 
 

A 

Q1 Q2 

Q3 

C 

B 

J 

TEL 
HGL 

Valve head loss 

Valve  

hA = 48 m 
hB = 45 m hJ = 44.717 m 

hC = 35  m 
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