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FLUID MECHANICS 

SOLUTIONS OF SHEETS 

SHEET 1 

4. 𝜌 = 
𝑝𝑀

103𝑅𝑇
=

1.0132×105×29

1000×8.314×(273+25)
= 1.187 kg.m-3 

5. 𝜇 = 𝐴𝑒
𝐸

𝑅𝑇 → 1.48 = 𝐴𝑒
𝐸

8.314×293  (i) 

 0.102 = 𝐴𝑒
𝐸

8.314×333    (ii) 

 Dividing we get: 14.51 = 𝑒(
1

8.314×293
−

1

8.314×333
)𝐸

  

 Hence 𝑬 = 𝟓𝟒𝟐𝟒𝟓 J.mol-1 

6. 𝐴 = 0.2 × 0.6 = 0.12 m2 

 
∆𝑣

∆𝑦
=

0.3−0

0.003
 = 100 s−1 

 𝐹 = 0.12 × 0.120 × 100 = 𝟏. 𝟒𝟒 𝐍 
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SHEET 2 

1. 𝐴 =
𝜋

4
× 0.0452 = 0.00159 m2 

𝑉 =
0.75

780
 = 0.000961 m3 

ℎ =
0.000961

0.00159
 = 0.6045 m 

𝑝 = 780 × 9.81 × 0.6045 = 5930.9 Pa ≡ 𝟓𝟗. 𝟑𝟏 𝐦𝐢𝐥𝐥𝐢𝐛𝐚𝐫 

2. 𝑉𝑤𝑎𝑡𝑒𝑟 =
1060

1000
 = 1.06 m3  ℎ𝑤𝑎𝑡𝑒𝑟 =

1.06

0.64
 = 1.656 m 

𝑉𝑜𝑖𝑙 =
275

830
 = 0.3313 m3  ℎ𝑜𝑖𝑙 =

0.3313

0.64
 = 0.518 m 

𝑝 = 1000 × 9.81 × 1.656 + 830 × 9.81 × 0.518 = 20463 Pa ≡ 0.202 atm 

𝑝 = 0.202 × 14.7 = 𝟐. 𝟗𝟕 𝐩𝐬𝐢  

3. ∆𝑝 = 250 Pa = 1000 × 9.81ℎ → 𝒉 = 𝟎. 𝟎𝟐𝟓𝟒 𝐦  

4. ∆𝑝 = 0.1 atm = 10130 Pa = 1000 × 9.81ℎ → 𝒉 = 𝟏. 𝟎𝟏𝟓 𝐦 

5. 𝑝𝑤𝑎𝑡𝑒𝑟 = 1000 × 9.81 × 0.28 + 𝑝𝑎𝑝𝑝𝑙𝑖𝑒𝑑 = 2746.8 + 𝑝𝑎𝑝𝑝𝑙𝑖𝑒𝑑 = 93000 

𝑝𝑎𝑝𝑝𝑙𝑖𝑒𝑑 = 90253 Pa ≡ 𝟗𝟎. 𝟐𝟓 𝐤𝐏𝐚 

𝑝𝑏𝑜𝑡𝑡𝑜𝑚 = 93000 + 13600 × 9.81 × 0.08 = 103673 Pa ≡ 𝟏𝟎𝟑. 𝟔𝟕 𝐤𝐏𝐚   

6. When the pressure is 50000 Pa, it differs from the pressure on the free liquid surface 

by 100000 – 50000 = 50000 Pa 

50000 = 1000 × 9.81ℎ → ℎ = 5.097 m 

    When the pressure is 75000 Pa, the difference with the level at free surface = 100000 

– 75000 = 25000 Pa 

25000 = 1000 × 9.81ℎ′ → ℎ′ = 2.548 m 

    The level decreases by 5.097 − 2.548 = 𝟐. 𝟓𝟒𝟖 𝐦 

7. 𝑟 = 1.75 m → 𝑉 =
4𝜋

3
× 1.753 = 22.45 m3  

 𝜌 =
26

22.45
 = 1.158 kg.m-3. 

 1.158 = 
𝑝×17

103×8.314×298
 → 𝑝 = 2869439 𝑃𝑎 ≡ 𝟐𝟖. 𝟕 𝐌𝐏𝐚 

8. The pressure at the 1” opening = the pressure exerted by the load: 

 𝐹 = 2000 × 0.454 = 908 Kgf ≡ 908 × 9.81 = 8907.5 N 
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Pressure exerted by the load = 
8907.5

𝜋

4
×(3×0.0254)2

 = 1953233 Pa 

Force at the 1” opening = 1953233 ×
𝜋

4
× (1 × 0.0254)2 = 989.7 N 

Applying the lever rule: 989.7 × 1 = 𝐹 × 15 → 𝐹 = 66 N ≡ 6.72 Kgf ≡

𝟏𝟒. 𝟖𝟏 𝒍𝒃𝒇     

9. When the gauge reads full, this means that the tank is full of fuel. This means that 

the pressure exerted on the bottom of the tank = 680 × 9.81 × 0.3 = 2001.24 Pa 

 The actual height of fuel = 0.3 − 0.02 − ℎ = 0.28 − ℎ m. 

The actual pressure = 680 × 9.81 × (0.28 − ℎ) + 0.02 × 9.81 × 1000 = 

 2064.024 − 6670.8ℎ 

Hence: 2064.024 − 6670.8ℎ = 2001.24 → 𝒉 = 𝟎. 𝟎𝟎𝟗𝟒 𝒎 ≡ 𝟗. 𝟒 𝐦𝐦 

10. Total pressure = 1000 × 9.81 × 0.5 + 800 × 9.81 × 0.5 = 8829 Pa 

  8829 = 1000 × 9.81 × 1.1 sin 𝜃 → 𝜽 ≈ 𝟓𝟓𝐨 
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SHEET 3 

1. 𝐴 = 0.25𝜋 × (12 × 0.0254)2 = 0.07296 m2, 𝑣1 =
62000

3600×0.07296×920
 = 0.256 m.s-1. 

2. 𝐴1 = 0.25𝜋 × (1.5 × 0.0254)2 = 0.00114 m2. 

𝑣1 = 1.6 → 𝑄 = 𝐴. 𝑣 = 1.6 × 0.00114 = 𝟎. 𝟎𝟎𝟏𝟖𝟐𝟒 𝐦𝟑. 𝐬−𝟏 

 𝐷1
2. 𝑣1 = 𝐷2

2. 𝑣2 → 1.52 × 1.6 = 12𝑣2 → 𝒗𝟐 = 𝟑. 𝟔 𝐦. 𝐬−𝟏 

3. 𝐴. 𝑣 = 𝐴1. 𝑣1 + 𝐴2. 𝑣2  
1

4
𝜋𝐷2𝑣 =

1

4
𝜋𝐷1

2𝑣1 +
1

4
𝜋𝐷2

2𝑣2 

Hence: (0.0254 × 8)2 × 0.8 = (0.0254 × 6)2 × 𝑣1 + (0.0254 × 4)2 × 1.2 → 

𝒗𝟏 = 𝟎. 𝟖𝟗 m.s-1              

4. 𝐴 = 0.25𝜋 × (2 × 0.0254)2 = 0.00203 m2, 𝑣1 =
6

3600×0.00203
 = 0.822 m.s-1 

 
1

2
𝜌𝑣1

2 + 𝜌𝑔ℎ1 + 𝑝1 =
1

2
𝜌𝑣2

2 + 𝜌𝑔ℎ2 + 𝑝2 

 Since the velocity is the same and ℎ1 = 0, 𝑝2 = 0, therefore: 

    𝑝1 = 𝜌𝑔ℎ2 = 1000 × 9.81 × 5 = 40950 Pa ≡ 𝟎. 𝟒𝟗 𝐛𝐚𝐫      

5. 𝑝 = 700 × 9.81 × 4 = 27468 Pa 

 Since the nozzle is on the same horizontal level of the oil – water interface, hence, 

applying Bernoulli equation between interface and the top of the jet: 

 27468 + 0 + 0 = 0 + 0 + 1000 × 9.81ℎ → 𝟐. 𝟖 𝐦 

6. Applying Bernoulli equation between interface and nozzle: 

 27468 + 0 + 0 = 0 +
1

2
× 1000𝑣2 → 𝑣 = 7.41 m.s-1 (At nozzle). 

 If (1) denotes the horizontal pipe and (2) the nozzle, then:  

 𝐷1
2. 𝑣1 = 𝐷2

2. 𝑣2 → 0.22 × 𝑣1 = 0. 12 × 7.41 → 𝑣1 = 1.853 m. s−1 

 Applying Bernoulli equation between the level of the horizontal pipe in the tank and 

inside this pipe: 

 27468 + 0 + 1000 × 9.81 × 1 = 𝑝 +
1

2
× 1000 × 1.8532 + 0 → 𝒑 = 𝟑𝟓𝟓𝟔𝟏 𝐏𝐚 

7. 
𝑑

𝐷
=

1

2
→ (

𝑑

𝐷
)

4

=
1

16
   

2(𝜌𝑙 − 𝜌)

𝜌
𝑔ℎ =

2 × (13600 − 1000)

1000
× 9.81 × 0.12 = 29.67 

     𝑄 = 0.98 ×
𝜋

4
(1 × 0.0254)2

√
29.67

(1−
1

16
)
 = 0.00279 m3.s-1 ≡ 𝟏𝟎. 𝟎𝟔 𝐦𝟑𝐡−𝟏 
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8. √𝐻 − √ℎ =
𝐶𝑑

2
(

𝑑

𝐷
)

2

√2𝑔. 𝑡 √2.3 − 0 =
0.65

2
(

0.06

1.2
)

2

√2 × 9.81. 𝑡 

 𝒕 = 𝟒𝟐𝟏. 𝟒 𝐬 

9. 𝐴1 = 0.25𝜋 × (2.05 × 0.0254)2 = 0.00213 m2  

  𝐴2 = 0.25𝜋 × (3.71 × 0.0254)2 = 0.00697 m2 

 𝑣1 =
𝑄

0.00213
 = 469.5𝑄 

 𝑣1 =
𝑄

0.00697
 = 143.47𝑄 

   
𝑣1

2

2𝑔
+ 𝑝1

𝜌𝑔
+ ℎ1 = 𝑣2

2

2𝑔
+ 𝑝2

𝜌𝑔
+ ℎ2 

   
(469.5)2𝑄2

2×9.81
+ 56.3×1.0132×105

14.7×1000×9.81
= 

(143.47)2𝑄2

2×9.81
+ 58.2×1.0132×105

14.7×1000×9.81
 

 10197𝑄2 = 40.89 − 39.56 = 0.0113 m3. s−1 ≡ 𝟒𝟏 𝐦𝟑. 𝐡−𝟏   

10. Let ℎ be the final equilibrium height in both tanks. The total volume of water in the 

two tanks is constant: 

  
1

4
𝜋 × 1.22ℎ1 +

1

4
𝜋12ℎ2 =

1

4
𝜋 × 1.22 × 1.5 +

1

4
𝜋12 × 2.5 

  𝟏. 𝟒𝟒𝒉𝟏 + 𝒉𝟐 = 𝟒. 𝟔𝟔 

  When ℎ1 = ℎ2 = ℎ: 2.44ℎ = 4.66 → 𝒉 = 𝟏. 𝟗𝟏 𝐦  

11. 
120

3600
= 0.033 =

1

4
𝜋𝐷1

2𝑣1 +
1

4
𝜋𝐷2

2𝑣2 +
1

4
𝜋𝐷3

2𝑣3 Multiply both sides by 
4

𝜋
: 

  0.042 = 0.042 × 5 + 0.052 × 4 + 0.062𝑣3 → 𝒗𝟑 = 𝟔. 𝟔𝟕 𝐦. 𝐬−𝟏 

  0.033 = 0.25𝜋 × 0.092𝑣4 → 𝒗𝟒 = 𝟓. 𝟏𝟗 𝐦. 𝐬−𝟏 

12. 𝑄𝑖𝑛 = 0.25𝜋 × 0.122 × 2.5 = 0.0283    𝑄𝑜𝑢𝑡 = 0.25𝜋 × 0.122 × 1.9 = 0.0215 

  Net flow to the tank = 0.0283 − 0.0215 = 0.0068  m3. s−1 

  Volume to be filled in the tank = 0.25𝜋 × 0.752 × (1 − 0.3) = 0.3092 m3 

  Time required to fill the tank = 
0.3092

0.0068
 = 𝟒𝟓. 𝟓 𝐬 
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SHEET 4 

1. 𝐴 = 0.25𝜋 × (12 × 0.0254)2 = 0.07296 m2 

 𝑣 =
860

3600×0.07296
 = 3.274 m.s-1. 

 𝜇 = 42 × 10−6 × 900 = 0.0378 Pa.s 

 𝑅𝑒 = 
900×3.274×12×0.0254

0.0378
 = 𝟐𝟑𝟕𝟔𝟎 

2. ∆𝑝 = 
1

2
𝜌2𝑣2

2 + 𝜌2𝑔ℎ2 + 𝑝2 − (
1

2
𝜌1𝑣1

2 + 𝜌1𝑔ℎ1 + 𝑝1) + ∆𝑝𝑙𝑜𝑠𝑠𝑒𝑠 

 = 
1

2
× 1000 × 3.52 + 1000 × 9.81 × 30 − (

1

2
× 1000 × 12) + 8 × 1000 × 9.81 

 = 378405 Pa 

 𝑄 = 0.25𝜋 × (1.5 × 0.0254)2 × 3.5 = 0.004 m3. s−1 

Minimum power requirement = 
0.004×378405

0.65×735
 = 3.16 > 3 The pump is not adequate 

3. 𝐴 =
𝜋

4
× (18 × 0.0254)2 = 0.1641m2 

    𝑣 = 

250

3600

0.1641
 = 0.423 m.s-1   

 
∆𝑝

𝐿
=

2𝑓𝜌𝑣2

𝐷
     

∆𝑝

5000
=

2×0.003×880×0.4232

18×0.0254
→ ∆𝑝 = 10331.5 Pa  

  Other head losses result in a pressure drop =35 × 880 × 9.81 = 302148 Pa 

 Total pressure loss = 10331.5 + 302148 = 312479.5 Pa   

 P = 
𝑄.∆𝑃

𝜼
=

250

3600
×312479.5

𝟎.𝟕𝟓
 = 28933.3 W ≡ 𝟐𝟗 𝐤𝐖  

4. Total vertical head = 4 + 9 + 12 sin 25 = 18.07 m 

 𝐴 =
𝜋

4
× (2 × 0.0254)2 = 2.026 × 10−3m2  

    𝑣 = 

24

3600

0.002026
 = 3.29 m.s-1   

 ∆𝑝 = 
1

2
𝜌2𝑣2

2 + 𝜌2𝑔ℎ2 + 𝑝2 − (
1

2
𝜌1𝑣1

2 + 𝜌1𝑔ℎ1 + 𝑝1) + ∆𝑝𝑙𝑜𝑠𝑠𝑒𝑠 

= 
1

2
1000 × 3.292 + 1000 × 9.81 × 18.07 + 0 − (0 + 0 + 0) + 1000 × 9.81 × 1.2  

= 194459 Pa 
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 P = 
𝑄.∆𝑃

𝜂
=

24

3600
×194459

0.65
 = 𝟏𝟗𝟗𝟒 𝐖 ≡ 𝐚𝐛𝐨𝐮𝐭 𝟐 𝐤𝐖 

5. 𝐴 =
𝜋

4
× (8 × 0.0254)2 = 0.0324m2  

     𝑣 = 

108

3600

0.0324
 = 0.926 m.s-1   

 
∆𝑝

𝐿
=

2𝑓𝜌𝑣2

𝐷
     

∆𝑝

1000
=

2×0.02×1080×0.9262

8×0.0254
→ ∆𝑝 = 182298 Pa   

 Head loss due to valves = 2× 10 × 
0.9262

2×9.81
 = 0.874 m 

   Head loss due to elbows = 4× 0.3 × 
0.9262

2×9.81
 = 0.0524 m 

 ∆𝑝 due to valves + elbows = (0.874 + 0.0524) × 1000 × 9.81 = 9088 Pa 

    ∆𝑝𝑡𝑜𝑡𝑎𝑙 = 182298 + 9088 = 191386 Pa ≡ 𝟏𝟗𝟏. 𝟒 𝐤𝐏𝐚         

6. The pressure loss due to contraction is calculated based on the highest fluid velocity, 

that is at the smaller of the two diameters. 

 𝐴 =
𝜋

4
× (4 × 0.0254)2 = 0.0081m2  

     𝑣 = 

98

3600

0.0081
 = 3.36 m.s-1   

 Head loss due to gradual contraction = 0.6× 
3.362

2×9.81
 = 0.345 m  

    (At maximum value of 𝐾=0.6) 

 ∆𝑝 = 0.345 × 1000 × 9.81 = 𝟑𝟑𝟖𝟒. 𝟓 𝐏𝐚 

7. 𝐴 =
𝜋

4
× (4 × 0.0254)2 = 0.0081m2  

     𝑣 = 

14.2

3600

0.0081
 = 0.487 m.s-1   

 Since the friction coefficient is not given, the Reynolds number must be determined. 

 𝑅𝑒 = 
1200×0.487×4×0.0254

0.23
 = 258 < 2000 → Laminar flow 

 
∆𝑝

𝐿
=

32𝜇𝑣

𝐷2   
∆𝑝

200
=

32×0.23×0.487

(4×0.0254)2 → ∆𝑝 = 69446 Pa 

 P = 𝑄. ∆𝑝 = 𝐴. 𝑣. ∆𝑝 = 0.0081 × 0.487 × 69446 = 𝟐𝟕𝟒 𝐖 
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8. 𝜇 = 850 × 6 × 10−6 = 0.0051 Pa. s 

    𝐴 =
𝜋

4
× (12 × 0.0254)2 = 0.07296 m2  𝑣 =

265

3600×0.07296
 = 1 m.s-1  

     Re = 
850×1×(12×0.0254)

0.0051
 = 50800 

    At 𝑅𝑒 ≈ 50000, and roughness = 0.01, 𝑓 = 0.039 

 
∆𝑝

𝐿
=

2𝑓𝜌𝑣2

𝐷
     

∆𝑝

2000
=

2×0.039×850×12

12×0.0254
→ ∆𝑝 = 435040 Pa 

 Head loss due to valves = 3× 10 × 
12

2×9.81
 = 1.529 m 

   Head loss due to elbows = 2× 0.3 × 
12

2×9.81
 = 0.0306 m 

 ∆𝑝 due to valves + elbows = (1.529 + 0.0306) × 850 × 9.81 = 13005 Pa 

    ∆𝑝𝑡𝑜𝑡𝑎𝑙 = 435040 + 13005 = 448045 Pa        

 P = 
265×448045

3600×0.75
 = 𝟒𝟑𝟗𝟕𝟒 𝐖 ≡ 𝟒𝟑. 𝟗𝟕𝟒 𝐤𝐖     

9. 𝐴 =
𝜋

4
× (0.005)2 = 1.9635 × 10−5 m2  𝑣 =

0.071

3600×1.9635×10−5
 = 1 m.s-1      

 
∆𝑝

𝐿
= 375000 Pa.m-1.  Assume laminar flow: 

 
∆𝑝

𝐿
=

32𝜇𝑣

𝐷2   375000 = 
32𝜇×1

0.0052   → 𝝁 = 𝟎. 𝟐𝟗 𝐏𝐚. 𝐬 

 Check on Re:  𝑅𝑒 = 
13600×1×0.005

0.29
 = 234 < 2000 → Laminar flow 

10. 𝐴 =
𝜋

4
× (0.007)2 = 3.8485 × 10−5 m2  

      𝑣 =
0.692

3600×3.8485×10−5
 = 5 m.s-1  

  For mercury, 𝜌 = 13600 kg.m-3, 𝜇 = 1.55 × 10−3 Pa. s 

  𝑅𝑒 = 
13600×5×0.007

1.55×10−3  = 307096 ≫ 4000  Highly turbulent  

 From Moody charts, at 𝑅𝑒 ≈ 300000, for smooth pipes, 𝑓 = 0.014 

  
∆𝑝

𝐿
=

2𝑓𝜌𝑣2

𝐷
         

∆𝑝

4
=

2×0.014×13600×52

0.007
→ ∆𝑝 = 5.44 × 106 Pa ≡ 𝟓. 𝟒𝟒 𝐌𝐏𝐚 
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SHEET 5 

1. 𝐴𝑝 =
1

4
𝜋𝐷2 = 0.25 × 𝜋 × 0.052 = 0.0019635 m2 

𝑅𝑒 = 
1000×3.6×0.05

0.001
 = 180000 > 105 → 𝐶𝑑 = 0.44 

𝐹𝑑 =
1

2
𝐶𝑑𝜌𝑓𝑣2𝐴𝑝 =

1

2
× 0.44 × 1000 × 3.62 × 0.0019635 = 𝟓. 𝟔 𝐍 

2. 𝐴 = 1.2 × 0.02 = 0.024 m2 

 𝑣 =
72

3600×0.024
= 0.833 𝐦. 𝐬−𝟏 

 Projected area of cylinder = 0.05 × 0.12 = 0.006 m2 

 𝑅𝑒 =  
1000×0.833×0.05

0.001
 = 41650 → 𝐶𝑑 ≈ 1 

     𝐹𝑑 =
1

2
𝐶𝑑𝜌𝑓𝑣2𝐴𝑝 =

1

2
× 1 × 1000 × 0.8332 × 0.006 = 𝟐. 𝟎𝟖 𝐍 

3. 𝐴𝑝 = 0.01 × 0.015 = 1.5 × 10−4 m2 

 𝑅𝑒𝐿 =  
1000×5×0.25

0.001
 = 1.25 × 106 → 𝐶𝑑 = 1 

 𝐹𝑑 =
1

2
𝐶𝑑𝜌𝑓𝑣2𝐴𝑝 =

1

2
× 1 × 1000 × 52 × 1.5 × 10−4 = 𝟏. 𝟖𝟕𝟓 𝐍 

4. Since the front face is rectangular, then: 

𝐴𝑝 = 2.1 × 1.75 = 3.675 m2 

    The actual velocity of air is the relative velocity between the wind and the car = 120 +

30 = 150 km. h−1 =
150000

3600
= 41.67 m. s−1 

     𝜌 = 
𝑝𝑀

103𝑅𝑇
=

1.1×105×29

1000×8.314×(273+15)
= 1.332 kg.m-3 

𝐹𝑑 =
1

2
× 0.7 × 1.332 × 41.672 × 3.675 = 𝟐𝟗𝟕𝟓 𝐍 

5. Maximum height to be covered by oil droplets = height of emulsion = 
𝑉

𝐴
=

0.68

0.25𝜋×12 

 ℎ = 0.866 m 

 Assume Stokes law to apply: 

 𝑣 = 
9.81×(10−4)2×(1000−790))

18×0.001
 = 0.001145 m.s-1 

 Time = 
0.866

0.001145
 = 𝟕𝟓𝟔 𝐬    (Check: Re =  

1000×0.001145×10−4

0.001
 = 0.114 < 1) 
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SHEET 6 

1. Bingham fluid: 𝜏 = 𝜏0 + 𝑘. 𝛾̇ 

560 = 𝜏0 + 40𝑘         (𝑖) 

980 = 𝜏0 + 80𝑘         (𝑖𝑖) 

Subtracting: 40𝑘 = 420 → 𝒌 = 𝟏𝟎. 𝟓 𝐏𝐚. 𝐬 

Substituting in (𝑖): 560 = 𝜏0 + 40 × 10.5 → 𝝉𝟎 =  𝟏𝟒𝟎 𝐏𝐚         

2. Shear thinning: 𝜏 = 𝑘. 𝛾̇𝑛 

130 = 𝑘. 25𝑛              (𝑖) 

320 = 𝑘. 150𝑛           (𝑖𝑖) 

Dividing: 
320

130
= (

150

25
)

𝑛

 → 2.4615 = 6𝑛 → 𝑛 ln 6 = ln 2.4615 → 𝒏 = 𝟎. 𝟓𝟎𝟑 

3. The given table is completed 

Shear rate s-1 10 20 50 100 150 200 300 400 

Shear stress Pa 481 588 705 836 909 994 1065 1125 

ln shear rate 2.303 2.996 3.912 4.605 5.011 5.298 5.704 5.991 

ln shear stress 6.176 6.377 6.558 6.729 6.812 6.902 6.971 7.026 
 

 The plot between ln 𝜏 and ln 𝛾̇ is shown. We get a straight line of slope 𝒏 = 𝟎. 𝟐𝟑 

 Substituting in a point from the table, like 𝛾̇ = 50, 𝜏 = 705: 

 705 = 𝑘. 500.23 → 𝒌 = 𝟐𝟖𝟕  

 

4. 𝐴 = 0.25𝜋 × (3 × 0.0254)2 = 0.00456 m2 

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

7.0

7.1

2 3 3 4 4 5 5 6 6 7

ln
 τ

ln γ
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 𝑣 =
𝑄

𝐴
=

1.3

3600×0.00456
 = 0.079 m. s−1 

 𝑟 = 0.5 × 3 × 0.0254 = 0.0381 m 

 
∆𝑝

𝐿
= 

2𝑘

𝑟
[

𝑣.(3𝑛+1)

𝑛.𝑟
]

𝑛
 

 
∆𝑝

120
= 

2×287

0.0381
[

0.079×(3×0.23+1)

0.23×0.0381
]

0.23

 → ∆𝑝 = 3382410 Pa 

 Pumping power = 𝑄 × ∆𝑝 = 0.0003611 × 3382410 = 𝟏𝟐𝟐𝟐 𝐖      

5. Shear thickening: 𝜏 = 𝑘. 𝛾̇𝑛 

195 = 𝑘. 100𝑛            (𝑖) 

505 = 𝑘. 200𝑛           (𝑖𝑖) 

Dividing: 
505

195
= (

200

100
)

𝑛

 → 2.59 = 2𝑛 → 𝑛 ln 2 = ln 2.59 → 𝒏 = 𝟏. 𝟑𝟕𝟑 

  Substituting in (𝑖): 195 = 𝑘. 1001.373 → 𝒌 = 𝟎. 𝟑𝟓 

  𝛾̇𝑤 = 
8𝑣

𝐷
=

8×0.15

0.01
  = 120 s−1 

𝜏 = 𝑘. 𝛾̇𝑛 → 𝜏𝑤 = 0.35 × 1201.373 = 𝟐𝟓𝟎. 𝟓 𝐏𝐚   

6. 𝜏0 = 0.228 Pa and 𝑘 = 0.12 Pa. s 

 Density of suspension = 0.15 × 2600 + 0.85 × 1000 = 1240 kg. m−3 

 𝐴 = 0.25𝜋 × (4 × 0.0254)2 = 0.008107 m2 

 𝑣 =
𝑄

𝐴
=

16

3600×0.008107
 = 0.5482 m. s−1 

    𝑅𝑒 = 
1240×0.5482×4×0.0254

0.12
 = 575.537     𝐻𝑒 = 

0.228×1240×4×0.0254

0.122  = 1994.75     

  To prove that 𝑓 ≈ 0.02325, we replace 𝑓 by this value in the RHS of the following 

equation and get the LHS. 

     𝑓 =
46

𝑅𝑒
[1 +

𝐻𝑒

6𝑅𝑒
−

64𝐻𝑒4

3𝑓3𝑅𝑒7
] 

    𝑓 =  
46

575.537
[1 +

1994.75

6×575.537
−

64×1994.754

3×0.023253×575.5377
] = 0.0234 ≈ 0.02325. 

   

    
∆𝑝

120
=

2 × 0.02325 × 1240 × 0.54822

4 × 0.0254
 

  Hence ∆𝑝 = 20466 Pa ≡ 𝟐𝟎. 𝟒𝟔𝟔 𝐤𝐏𝐚 
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7. The shear stress is calculated for each value of shear strain from: 𝜏 = 𝜇. 𝛾 ̇  

Shear rate s-1 20 40 60 100 200 300 500 

Viscosity cP 180 115 94 81 66 62 55 

Shear stress Pa 3.6 4.6 5.64 8.1 13.2 18.6 27.5 

 

 A plot of 𝜏 against 𝛾 ̇ is then carried out of slope = 𝑘, the plastic viscosity and intercept 

= 𝜏0, the yield stress. 

 First, we get the slope by choosing two points almost on the line: (200,13.2) and 

(40,4.6) 

 Slope = 𝑘 = 
13.2−4.6

200−40
 = 𝟎. 𝟎𝟓𝟎𝟒 𝐏𝐚. 𝐬 

 Then replace in the Bingham fluids equation: 𝜏 = 𝜏0 + 𝑘. 𝛾̇ with any of the two chosen 

points: 13.2 = 𝜏0 + 0.0504 × 200 → 𝜏0 = 𝟑. 𝟏𝟐 𝐏𝐚 
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