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1. (a) 
 
Volume at 10C = 20

999.7
 

                               = 0.020006002 m3 

 

Volume at 50C = 20
988.0

 
                               = 0.020242915 m3   
 
P = K (1−0

0
) 

      = 2150*106(999.7−988.0
988.0

) 

         = 25460526 Pa 
 
1. (b) 
 
Acceleration at 0m/s = 9.81sin30 
                                         = 4.905 m/s2 
 
At terminal velocity VT, ∑F = 0. 
mgsin30 =  (0.3)2 
 = µ(𝑉𝑇

𝑦
) 

VT = (100)(9.81)(sin30)(0.005∗10−3)
(0.3)2(0.4)

 
      = 0.068125 m/s 
 
1. (c) 
 
(P1 – P2) = (1300)(9.81)(1) – (1000)(9.81)(1) 
                  = 2943 N/m2 
 
A1 = (π/4)(0.4)2 

A2 = (π/4)(0.2)2 

A1V1 = A2V2 
V2 = 4V1 

  



1. (c) 
 
Assuming z1 = z2, no head loss, 
Bernoulli’s equation 1 to 2: 
𝑃1
𝑔

+ 𝑉1
2

2𝑔
= 𝑃2

𝑔
+ (4𝑉1)2

2𝑔
  

(P1 – P2) = 7.5(V1)2 

V1 = √ 2943
7.5(1000)

 

     = 0.62642 m/s 
Q = V1A1 
    = (0.62642)(π/4)(0.4)2 
    = 0.787 m3/s 
 
1. (d) 
 
F1 = gAhc 
     = (940)(9.81)(4)(2)(2) 
     = 147542.4 N (8

3
 m below surface) 

 
F2 = (940)(9.81)(2)(2)(1) 
     = 36885.6 N (4

3
 m below surface) 

 
FR = 147542.4 + 36885.6  
     = 184428 N 
 

Distance of FR below surface = 
(8

3)(147542.4)+(4
3)(36885.6)

184428
 

 
                                                        = 2.4 m 
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1. (e) 
 
Upthrust = Weight 
 
gVi = 2*103 
Vi = 0.19890 m3 
 
h = 0.19890

(1)(0.2)
 

    = 0.99451 m 
 
BG = (0.5)(1.5) – (0.5)(0.99451) 
       = 0.25275 m 
 
BM = Iyy

Vi
 

        = 
   (1)(1.5)3

12    

0.19890
 

       = 1.4140 m > BG, therefore block is in stable equilibrium. 
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2. (a) 
 

 
P1s = (1000)(9.81)(1.5) 
       = 14715 Pa 
 
P2s = (1300)(9.81)(1.6)+(1000)(9.81)(0.4) 
       = 24328.8 Pa 
 
P1 = (1000)(9.81)(0.5)  
      = 4905 Pa 
 
P2 = (1000)(9.81)(1) 
      = 9810 Pa 
 
Bernoulli’s equation outside tube to inside tube: 
𝑃

𝑔
+ 𝑉2

2𝑔
= 𝑃𝑠

𝑔
   

V = √2(𝑃𝑠−𝑃)
 

 

 

V1 = √2(14715−4905)
 1000

 

      = 4.43 m/s 
 

V2 = √2(24328.8−9810)
 1000

 

     = 5.39 m/s 
  

0.4 m 



2. (b) 
 
Q1 = Q2 + Q3 
      = (5)(π/4)(0.1)2 + (5)(π/4)(0.05)2 
      = 0.049087 m3/s 
 
V1 = 𝑄

𝐴
 

     = 0.049087
(𝜋/4)(0.2)2 

     = 1.5625 m/s 
 
Assuming Patm = 0, z1 = z2, 
Bernoulli’s equation 1 to 2: 
𝑃1
𝑔

+ 𝑉1
2

2𝑔
= 𝑉2

2

2𝑔
  

P1 = (1000)(0.5)(52 – 1.56252) 
      = 11279 Pa 
 
Momentum equation in x-direction (right as positive) 
Fnet = Mout – Min 
       = [(π/4)(0.1)2(5)2 + (π/4)(0.05)2(5)2](cos30) – (π/4)(0.2)2(1.5625)2 
       = 135.86 N 
 
Fnet = P1A1 + Fx 
135.86 = (11279)(π/4)(0.2)2 + Fx 
Fx = 135.86 – (11279)(π/4)(0.2)2 

        = -218.5 N (on water) 
Fx on nozzle = 218.5 N 

 

Min 

Mout 

Mout 

Mout cos30 

Mout cos30 



3. (a) 
 
f = function(, µ, V, D, ) 
 
Their dimesions are: 
f = [M0L0T0] 
 = [ML-3] 
µ = [ML-1T-1] 
V = [LT-1] 
D = [L] 
 = [L] 
 
Using µ, V, D as repeating variables, 3 ∏ terms: 
∏1 = f 
∏2 = µaVbDc 

∏3 = 
D

 

Using MLT system: 
ML-3MaL-aT-aLbT-bLc= M0L0T0 
1 + a = 0 
-3 – a + b + c = 0 
– a – b = 0 
Solving: a = -1, b = 1, c = 1 
∏2 = VD

µ
 

       = Re 
 
3. (a) (ii) 
 
f = function(Re, 

D
 ) 

 
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. 



3. (b) (i) 
 

From Bernoulli’s equation: 
H = 8𝑓𝐿𝑄2

𝑔𝜋2𝐷5 

Q =√𝐷5

𝑓
√𝑔𝜋2𝐻

8𝐿
 

 
Q in pipe 1 = Q in pipe 2 

√(0.2)5

(0.04)
√𝑔𝜋2𝐻

8𝐿
= √ 𝐷2

5

(0.01)
√𝑔𝜋2𝐻

8𝐿
  

D2 = √(0.01)(0.2)5

(0.04)
5  

      = 0.152 m  
 
3. (b) (ii) 
 
2Q in old pipe = Q in new pipe 

2√(0.2)5

0.04
√𝑔𝜋2𝐻

8𝐿
= √𝐷𝑛𝑒𝑤

5

0.01
√𝑔𝜋2𝐻

8𝐿
 

Dnew = √(0.2)5(2)2(0.01)
(0.04)

5  

          = 0.2 m 
  



4. (a) 
 
Fr = 𝑉

√𝑔𝐿
 

For Fr similarity, 
𝑉𝑝

√𝐿𝑝
= 𝑉𝑚

√𝐿𝑚
 , if gm = gp 

𝑉𝑝

𝑉𝑚
= √

𝐿𝑝

𝐿𝑚
  

v =  (L)0.5 (shown) 
 
4. (b) (i) 
 
Spillway flow is governed by similarity of Froude number. 
 
For Froude number similarity: 
𝑄𝑝

𝑄𝑚
= 𝑉𝑝𝐿𝑝

2

𝑉𝑚𝐿𝑚
2 = ( 𝐿𝑝

𝐿𝑚
)

5
2 

Lp = Lm( 𝑄𝑝

𝑄𝑚
)

2
5 

     = 0.6( 50
0.35

)
2
5 

     = 4.37 m 
 
4. (b) (ii) 
 
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  

     = (4.3663
0.6

)
3

(1.5) 

     = 578 N 
  



4. (c) (i) 
 
3002 = (a)2 + (10a)2 

a = √3002

101
 

   = 29.851m 
 
V = 𝑄

𝐴
 

   = 0.025
(𝜋/4)(0.2)2 

    = 0.79577 m/s 
𝑉2

2𝑔
 = 0.032276 m 

 
Re = 𝑉𝐷


 

      = (0.79577)(0.2)
1.19∗10−4  

      = 1337.4 (laminar flow regime) 
 
Bernoulli’s equation upper to lower: 
𝑃𝑢𝑝𝑝𝑒𝑟

𝑔
+ 𝑉2

2𝑔
+ 𝑎 = 𝑃𝑙𝑜𝑤𝑒𝑟

𝑔
+ 𝑉2

2𝑔
+ ℎ𝑓   

hf = 128𝐿𝑄
𝑔𝜋𝐷4  

     = 128(1.19∗10−4)(300)(0.025)
(9.81)𝜋(0.2)4  

     = 2.3168 m 
Plower – Pupper = (850)(9.81)(29.851 – 2.3168) 
                         = 229.6 kPa 
  

a 

10a 



4. (c) (ii) 
 
 

hf = 2.3168 m 

z 

z = 29.851 m 

z = 0 m 

𝑉2

2𝑔
 = 0.032276 m 

𝑃
𝑔 

TEL 
HGL 
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