
Scilab Textbook Companion for
Fluid Mechanics - Worked Examples For

Engineers
by C. Schaschke1

Created by
Tanushree Bobde

BE
Computer Engineering

Modern College of Engineering
College Teacher

Yogita Narwadkar
Cross-Checked by

August 11, 2013

1Funded by a grant from the National Mission on Education through ICT,
http://spoken-tutorial.org/NMEICT-Intro. This Textbook Companion and Scilab
codes written in it can be downloaded from the ”Textbook Companion Project”
section at the website http://scilab.in



Book Description

Title: Fluid Mechanics - Worked Examples For Engineers

Author: C. Schaschke

Publisher: Warwickshire, U. K.

Edition: 1

Year: 2000

ISBN: 0852954050

1



Scilab numbering policy used in this document and the relation to the
above book.

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

AP Appendix to Example(Scilab Code that is an Appednix to a particular
Example of the above book)

For example, Exa 3.51 means solved example 3.51 of this book. Sec 2.3 means
a scilab code whose theory is explained in Section 2.3 of the book.

2



Contents

List of Scilab Codes 4

1 Fluid Statics 7

2 Continuity Momentum and Energy 16

3 Laminar Flow and Lubrication 22

4 Dimensional Analysis 29

5 Flow measurement by differential head 30

6 Tank drainage and variable head flow 37

7 Open channels notches and weirs 43

8 Pipe friction and turbulent flow 50

9 Pumps 60

3



List of Scilab Codes

Exa 1.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
Exa 1.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
Exa 1.3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
Exa 1.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Exa 1.5 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
Exa 1.6 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
Exa 1.7 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Exa 1.8 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Exa 1.9 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
Exa 1.10 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
Exa 1.11 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
Exa 1.12 12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
Exa 1.13 13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
Exa 1.14 14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
Exa 2.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
Exa 2.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
Exa 2.3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
Exa 2.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
Exa 2.5 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
Exa 2.7 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
Exa 2.9 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
Exa 3.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
Exa 3.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
Exa 3.5 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
Exa 3.6 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
Exa 3.8 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
Exa 3.9 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
Exa 3.10 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

4



Exa 3.12 12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
Exa 3.17 17 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
Exa 3.18 18 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
Exa 3.19 19 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
Exa 3.20 20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
Exa 4.5 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
Exa 5.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
Exa 5.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
Exa 5.3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
Exa 5.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
Exa 5.5 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Exa 5.6 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Exa 5.7 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
Exa 5.8 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
Exa 5.9 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
Exa 6.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
Exa 6.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
Exa 6.3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
Exa 6.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Exa 6.6 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Exa 6.8 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Exa 6.9 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Exa 6.10 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Exa 7.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
Exa 7.3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
Exa 7.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
Exa 7.5 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
Exa 7.7 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
Exa 7.8 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
Exa 7.9 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
Exa 7.10 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
Exa 7.11 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
Exa 8.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
Exa 8.5 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
Exa 8.6 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
Exa 8.7 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
Exa 8.8 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
Exa 8.9 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

5



Exa 8.10 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
Exa 8.11 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
Exa 8.12 12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
Exa 8.13 13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
Exa 8.14 14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
Exa 8.15 15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
Exa 8.16 16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
Exa 9.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
Exa 9.6 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
Exa 9.8 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
Exa 9.10 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
Exa 9.11 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
Exa 9.12 12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
Exa 9.14 14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
Exa 9.15 15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

6



Chapter 1

Fluid Statics

Scilab code Exa 1.1 1

1 clc

2 rho =924; // kg/mˆ3
3 g=9.81; //m/ s ˆ2
4 H=2; //m
5 d=2; // depth i n m
6
7 p=rho*g*H;

8 a=d*H;

9
10 F=p*a/2;

11 disp(” Tota l f o r c e e x e r t e d ove r the wa l l =”)
12 disp(F)

13 disp(”N”)

Scilab code Exa 1.2 2

1 clc

2 p_v =50*10^3; //N/mˆ2
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3 r=1; //m
4 p_atm =101.3*10^3; //N/mˆ2
5 rho =1000; // kg/mˆ3
6 H=2.5; //m
7 g=9.81; //m/ s ˆ2
8
9 F=p_v*%pi*r^2;

10 disp(” Tota l v e r t i c a l f o r c e t end ing to l i f t the dome
=”)

11 disp(F)

12 disp(”N”)
13
14 p=p_atm+p_v+rho*g*H;

15 disp(” Abso lu te p r e s s u r e at the bottom o f the v e s s e l
=”)

16 disp(p)

17 disp(”N/mˆ2”)
18
19 Fd=(p_v+rho*g*H)*%pi*r^2+rho*g*2*%pi*r^2/3;

20 disp(”Downward f o r c e imposed by the gas and l i q u i d =
”)

21 disp(Fd)

22 disp(”N”)

Scilab code Exa 1.3 3

1 clc

2 a1=0.3; //mˆ2
3 m=1000; // kg
4 a2 =0.003; //mˆ2
5 rho_oil =750; // kg/mˆ3
6 H=2; //m
7 g=9.81; //m/ s ˆ2
8
9 F1=m*g;
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10 F2=a2*(F1/a1 -rho_oil*g*H);

11 disp(”The f o r c e on the p lunge r =”)
12 disp(F2)

13 disp(”N”)

Scilab code Exa 1.4 4

1 clc

2 rho_0 =800; // kg/mˆ3
3 rho_aq =1100; // kg/mˆ3
4
5 // rho 0 ∗g∗H=rho aq ∗g ∗ (H−0.5) ;
6
7 H=0.5* rho_aq /(rho_aq -rho_0);

8 disp(”H=”)
9 disp(H)

10 disp(”m”)
11
12 // For a f i x e d l e n g t h o f chamber o f 3 m, the

i n t e r f a c e between the two phase s i s de te rmined
from the p r e s s u r e i n the chamber and d i s c h a r g e
po i n t .

13 // rho 0 ∗g∗H1+rho aq ∗g∗H2=rho aq ∗g ∗ (H−0.5) ;
14 // H=H1+H2
15
16 rho_0 =600; // kg/mˆ3
17
18 H1=0.5* rho_aq /(rho_aq -rho_0);

19 disp(”The l owe s t p o s s i b l e p o s i t i o n o f the i n t e i f a c e
i n the chamber below the o v e r f l ow . ”)

20 disp(H1)

21 disp(”m”)
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Scilab code Exa 1.5 5

1 clc

2 rho_o =900; // kg/mˆ3
3 rho_n =1070; // kg/mˆ3
4 H=1; //m
5 g=9.81; //m/ s ˆ2
6 dp =10*10^3; //N/mˆ2
7
8 // H=H1+H2
9

10 H1=(dp-rho_n*g*H)/(rho_o -rho_n)/g;

11 disp(”The p o s i t i o n o f the i n t e r f a c e between the l e g s
=”)

12 disp(H1)

13 disp(”m”)

Scilab code Exa 1.6 6

1 clc

2 dp =22*10^3; //N/mˆ2
3 g=9.81; //m/ s ˆ2
4 H=1.5; //m
5 rho =1495; // kg/mˆ3
6 rho_s =1270; // kg/mˆ3
7 rho_c =2698; // kg/mˆ3
8
9 p=dp/g/H;

10 disp(” the d e n s i t y o f the s o l u t i o n with c r y s t a l =”)
11 disp(p)

12 disp(”kg/mˆ3”)
13
14 // rho=f 1 ∗ r h o s+f 2 ∗ r h o c
15 // f 1+f 2=1
16
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17 f2=(rho -rho_s)/(rho_c -rho_s);

18 disp(”The f r a c t i o n o f c r y s t a l s =”)
19 disp(f2)

Scilab code Exa 1.7 7

1 clc

2 p_atm =101.3*10^3; // N/mˆ2
3 rho =1000; // kg/mˆ3
4 g=9.81; // m/ s ˆ2
5 H1=3; //m
6 a=0.073; // N/m
7 r1=5*10^( -4); //m
8
9 p1=p_atm+rho*g*H1+2*a/r1;

10
11 // p2=p atm+rho ∗g∗H2+2∗a/ r2 ;
12
13 // p1 ∗4/3∗%pi∗ r1 ˆ3=p2 ∗4/3∗%pi∗ r2 ˆ3
14
15 // So l v i n g above two e qua t i o n s we ge t
16 r2 =0.053; //mm
17 disp(” Radius o f the bubble =”)
18 disp(r2)

19 disp(”mm”)

Scilab code Exa 1.8 8

1 clc

2 H=0.2; //m
3 rho =1000; // kg/mˆ3
4 rho_Hg =13600; // kg/mˆ3
5 g=9.81; //m/ s ˆ2
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6
7 dp=(rho_Hg -rho)*g*H;

8 disp(” D i f f e r e n t i a l p r e s s u r e =”)
9 disp(dp)

10 disp(”N/mˆ2”)

Scilab code Exa 1.9 9

1 clc

2
3 // p1−rho ∗g ∗ (H+H1)=p2−rho ∗g∗H1−r h o a i r ∗g∗H
4
5 rho =1000;

6 g=9.81; // m/ s ˆ2
7 H=0.4; //m
8 dp=rho*g*H;

9 disp(” P r e s s u r e drop in the p ipe =”)
10 disp(dp)

11 disp(”N/mˆ2”)

Scilab code Exa 1.10 10

1 clc

2 dp =20*10^3; //N/mˆ2
3 rho_Hg =13600; // kg/mˆ3
4 rho =700; // kg/mˆ3
5 g=9.81; //m/ s ˆ2
6 d=0.02; //m
7
8 H=dp/(rho_Hg -rho)/g;

9
10 V=%pi/4*d^2*H;

11 disp(” Quant i ty o f mercury to be removed =”)
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12 disp(V)

13 disp(”mˆ3”)

Scilab code Exa 1.11 11

1 clc

2 rho =800; // kg/mˆ3
3 g=9.81; //m/ s ˆ2
4 L=0.12;

5 theta=%pi /180*20; // r a d i a n s
6
7 dp=rho*g*L*sin(theta);

8 disp(”The gauge p r e s s u r e a c r o s s the f i l t e r =”)
9 disp(dp)

10 disp(”N/mˆ2”)

Scilab code Exa 1.12 12

1 clc

2 mc=100; // kg
3 g=9.81; //m/ s ˆ2
4 rho =1000; // kg/mˆ3
5 rho_c =7930; // kg/mˆ3
6
7 m=mc*rho/rho_c;

8
9 F=mc*g-m*g;

10 disp(”The t e n s i o n i n the c a b l e =”)
11 disp(F)

12 disp(”N”)
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Scilab code Exa 1.13 13

1 clc

2 rho =1000;

3 x=0.06;

4 rho_0 =800;

5 x_0 =0.04;

6
7 L=(rho*x-rho_0*x_0)/(rho -rho_0);

8
9 rho_L =900;

10 x_L=L-rho/rho_L*(L-x);

11 disp(” Length o f the stem above the l i q u i d o f SG 0 . 9
=”)

12 disp(x_L)

13 disp(”m”)

Scilab code Exa 1.14 14

1 clc

2 m_s =5*10^6; // kg
3 T2=4.5; //m
4 T1=3; //m
5 rho_hc =950; // kg/mˆ3
6 Q=125; //mˆ3/h
7
8 m_hc=m_s*(T2/T1 -1);

9 disp(” Quant i ty d e l i v e r e d =”)
10 disp(m_hc)

11 disp(”kg”)
12
13 t=m_hc/rho_hc/Q;

14 disp(”Time taken =”)
15 disp(t)

16 disp(” hours ”)
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Chapter 2

Continuity Momentum and
Energy

Scilab code Exa 2.1 1

1 clc

2 Q1 =0.02; //mˆ3/ s
3 d1 =0.15; //m
4 d2 =0.05; //m
5 d3=0.1; //m
6 v2=3; //m/ s
7
8
9 v3=(4*Q1/%pi -d2^2*v2)/d3^2;

10 disp(” v e l o c i t y at p ip e 3 =”)
11 disp(v3)

12 disp(”m/ s ”)
13
14 Q3=%pi*d3^2/4* v3;

15 disp(” F lowrate at p ip e 3 =”)
16 disp(Q3)

17 disp(”mˆ3/ s ”)
18
19 Q2=%pi*d2^2/4* v2;
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20 disp(” F lowrate at p ip e 2”)
21 disp(Q2)

22 disp(”mˆ3/ s ”)
23
24 disp(” Ve l o c i t y at p ip e 2”)
25 disp(v2)

26 disp(”m/ s ”)
27
28 v1=4*(Q2+Q3)/%pi/d1^2;

29 disp(” Ve l o c i t y at p ip e 1 =”)
30 disp(v1)

31 disp(”m/ s ”)
32
33 disp(” F lowrate at p ip e 1”)
34 disp(Q1)

35 disp(”mˆ3/ s ”)

Scilab code Exa 2.2 2

1 clc

2 d1=0.2; //m
3 d2=d1;

4 p1 =1*10^5; //N/mˆ2
5 p2 =80*10^3; //N/mˆ2
6 Q=150; //mˆ3/h
7 rho =900; // kg/mˆ3
8 theta1 =0; // r a d i a n s
9 theta2=%pi; // r a d i a n s

10
11 a1=%pi*d1^2/4;

12 a2=%pi*d2^2/4;

13
14 F1=p1*a1; // Upstream f o r c e
15 F2=p2*a2; // Downstream f o r c e
16

17



17 v1=4*Q/3600/ %pi/d1^2;

18 v2=v1;

19
20 flux=rho*Q/3600* v2; //Momentum f l u x
21
22 Fx=F1*cos(theta1)-F2*cos(theta2)+flux*(cos(theta2) -

cos(theta1));

23 Fy=F1*sin(theta1)-F2*sin(theta2)-flux*(sin(theta2)-

sin(theta1));

24
25 F=sqrt(Fx^2+Fy^2);

26 disp(” Force e x e r t e d by the l i q u i d on the bend =”)
27 disp(F)

28 disp(”N”)

Scilab code Exa 2.3 3

1 clc

2 rho =1000; // kg/mˆ3
3 d=0.05; //m
4 L=500; //m
5 v=1.7; //m/ s
6
7 a=%pi*d^2/4;

8 F=rho*a*L*v;

9
10 P=F/a/10^3;

11 disp(” Average p r e s s u r e =”)
12 disp(P)

13 disp(”kN/mˆ2”)

Scilab code Exa 2.4 4
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1 clc

2 g=9.8; //m/ s ˆ2
3 dz=0.2; //m ; dz1=z1−z2=z1−z2
4 rho =1000; // kg/mˆ3
5 dz1 =2; //m ; dz1=z1−z A
6 dz2 =0; //m ; dz2=z1−z B
7 dz3 =-1.5; //m ; dz3=z1−z C
8
9 v2=sqrt (2*g*dz);

10
11 v_A=v2;

12 v_B=v2;

13 v_C=v2;

14
15 p_A=rho*g*(dz1 -v_A ^2/2/g);

16 p_B=rho*g*(dz2 -v_B ^2/2/g);

17 p_C=rho*g*(dz3 -v_C ^2/2/g);

18
19 disp(” Ve l o c i t y at pt . A =”)
20 disp(v_A)

21 disp(”m/ s ”)
22
23 disp(” Ve l o c i t y at pt . B =”)
24 disp(v_B)

25 disp(”m/ s ”)
26
27 disp(” Ve l o c i t y at pt . C =”)
28 disp(v_C)

29 disp(”m/ s ”)
30
31 disp(” P r e s s u r e at pt . A =”)
32 disp(p_A)

33 disp(”kN/mˆ2”)
34
35 disp(” P r e s s u r e at pt . B =”)
36 disp(p_B)

37 disp(”kN/mˆ2”)
38
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39 disp(” P r e s s u r e at pt . C =”)
40 disp(p_C)

41 disp(”kN/mˆ2”)

Scilab code Exa 2.5 5

1 clc

2 Q=10; // mˆ3/ hr
3 d1 =0.05; //m
4 d2=0.1; //m
5 rho =1000; // kg/mˆ3
6
7 a1=%pi*d1^2/4;

8 a2=%pi*d2^2/4;

9
10 v1=Q/3600/ a1;

11 v2=(d1/d2)^2*v1;

12
13 PD=rho*Q/3600*(v1-v2)/a2;

14 disp(” P r e s s u r e drop =”)
15 disp(PD)

16 disp(”N/mˆ2”)

Scilab code Exa 2.7 7

1 clc

2 Q=100; //mˆ3/ hr
3 d1=0.2; //m
4 d2 =0.15; //m
5 p1 =80*10^3; //N/mˆ2
6 rho =1000; // kg/mˆ3
7 g=9.8; //m/ s ˆ2
8
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9 a1=%pi*d1^2/4;

10 a2=%pi*d2^2/4;

11 v1=Q/3600/ a1;

12 v2=Q/3600/ a2;

13 H_L =0.2* v2 ^2/2/g;

14 p2=p1+rho /2*(v1^2-v2^2)-rho*g*H_L;

15
16 F_u=p1*a1; // Upstream f o r c e
17 F_d=p2*a2; // Downstream f o r c e
18
19 F_x=rho*Q/3600*(v2 -v1)-F_u+F_d;

20 disp(” Force r e q u i r e d =”)
21 disp(F_x)

22 disp(”N”)

Scilab code Exa 2.9 9

1 clc

2 N=60; //rpm
3 r2 =0.25; //m
4 g=9.8; //m/ s ˆ2
5
6 w=2*%pi*N/60;

7 dz_12=(w*r2)^2/2/g; // dz 12=z2−z1
8 c=w*r2^2;

9 dz_23=c^2/2/g/r2^2; // dz 23=z3−z2
10
11 dz_13=dz_23+dz_12;

12 disp(” Tota l d e p r e s s i o n =”)
13 disp(dz_13)

14 disp(”m”)
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Chapter 3

Laminar Flow and Lubrication

Scilab code Exa 3.2 2

1 clc

2 Re =2000;

3 d=0.008; //m
4
5 L1 =0.058* Re*d;

6 disp(”The f u r t h e s t d i s t a n c e the f l u i d can f l ow i n t o
the 8 mm i n s i d e d i amete r p ip e b e f o r e f u l l y
deve l oped l amina r f l ow can e x i s t i s ”);

7 disp(L1);

8 disp(”m”);

Scilab code Exa 3.4 4

1 clc

2 del_p =90*10^3; // N/mˆ2
3 d=0.126; // m
4 R=0.126/2; // m
5 u=1.2;
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6 L=60; // m
7 Rho =1260;

8
9 Q=%pi * del_p * R^4 / (8*u*L);

10 disp(”The g l y c e r o l d e l i v e r y r a t e i s ”);
11 disp(Q);

12 disp(”mˆ3/ s ”);
13
14 Re=4*Rho*Q/(u*%pi*d);

15 disp(”The Reynolds number i s ”);
16 disp(Re);

17 disp(”As Re i s below 2000 , t h e r e f o r e c on f i rm i n g
l amina r f l ow . ”);

Scilab code Exa 3.5 5

1 clc

2 u=0.015; //Ns/mˆ2
3 Q=0.004/60; //mˆ3/ s
4 dp=100;

5 rho =1100; // kg/mˆ3
6
7 R=(8*u*Q/(%pi*dp))^(1/4);

8 Re=(4* rho*Q/(%pi*u*(2*R)));

9
10 disp(” Diameter o f the p ip e =”)
11 disp(R)

12 disp(”m”)
13
14 disp(” Reynolds number =”)
15 disp(Re)

Scilab code Exa 3.6 6
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1 clc

2 u=0.03; //Ns/mˆ2
3 Q=10^( -7); //mˆ3/ s
4 dp=integrate( ’ 8∗u∗Q/%pi /0.005ˆ4/(1−L) ˆ4 ’ , ’L ’ , 0,

0.5)

5 disp(” P r e s s u r e d i f f e r e n c e =”)
6 disp(dp)

7 disp(”N/mˆ2”)

Scilab code Exa 3.8 8

1 clc

2 u=0.1; // Ns/mˆ2
3 d=0.1; //m
4 R=0.05; // m
5 Rho =900; // kg/mˆ3
6
7 v_max =2; // m/ s
8 v=v_max /2; // m/ s
9

10 disp(”At the p ipe wa l l ( r =R) , t h e r e f o r e , the sh ea r
s t r e s s i s ”);

11 Tw=-2*u*v_max/R;

12 disp(Tw);

13 disp(”N/mˆ2”);
14 disp(”The n e g a t i v e s i g n i n d i c a t e s tha t the sh ea r

s t r e s s i s i n the o pp o s i t e d i r e c t i o n to f l ow . ”);
15
16 disp(” p r e s s u r e drop per metre l e n g t h o f p ip e i s ”);
17
18 del_p =4*u*v_max/R^2;

19 disp(del_p);

20 disp(”N/m”);
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Scilab code Exa 3.9 9

1 clc

2 u=0.032; // Ns/mˆ2
3 Re =2000; // maximum va lu e
4 Rho =854;

5 del_p =150; // N/mˆ2
6
7 d=(32*u^2*Re/(Rho*del_p))^(1/3);

8 disp(”The maximum i n s i d e d i amete r i s found to be ”)
9 disp(d)

10 disp(”m”)

Scilab code Exa 3.10 10

1 clc

2 rho =1000; // kg/mˆ3
3 u=0.1; //Ns/mˆ2
4 g=9.81; //m/ s ˆ2
5 L=10; //m
6 H=2; //m
7 Q=14/3600; //mˆ3/ s
8 d=0.05; //m
9

10 dp=rho*g*(L+H) - (128*Q*u*L/%pi /0.05^4);

11 disp(” P r e s s u r e drop a c r o s s the va l v e =”)
12 disp(dp)

13 disp(”N/mˆ2”)
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Scilab code Exa 3.12 12

1 clc

2 Q=3*10^( -6); // mˆ3/ s
3 u=0.001; // Ns/mˆ2
4 W=1;

5 rho =1000; // kg/mˆ3
6 g=9.81; // m/ s ˆ2
7 d=1.016*10^( -4); // m
8
9 theta=asind (3*Q*u/W/rho/g/d^3);

10 disp(” Exact ang l e o f i n c l i n a t i o n =”)
11 disp(theta)

12
13 d1 =1.25*10^( -4); // m
14
15 u1=W*rho*g*sind(theta)*(d1^3) /(3*Q);

16 disp(” V i s c o s i t y o f the second l i q u i d =”)
17 disp(u1)

18 disp(”Ns/mˆ2”)

Scilab code Exa 3.17 17

1 clc

2 u=1.5; // Ns/mˆ2
3 v=0.5; // m/ s
4 H=0.02/2; // m
5
6 t=-u*3*v/H;

7 disp(”The sh ea r s t r e s s =”)
8 disp(t)

9 disp(”N/mˆ2”)
10 disp(” I t a c t s i n the o pp o s i t e d i r e c t i o n to the f l ow .

”)
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Scilab code Exa 3.18 18

1 clc

2 N=600/60; // r e v o l u t i o n s per s e c
3 r=0.025; // m
4 t=400; // N/mˆ2
5 l=0.002; // m
6
7 w=2*%pi*N;

8
9 u=t*l/w/r;

10 disp(” V i s c o s i t y =”)
11 disp(u)

12 disp(”Ns/mˆ2”)
13
14 T=integrate( ’ 2∗%pi∗u∗w/ l ∗ r ˆ3 ’ , ’ r ’ , 0, r);

15 disp(”Torque =”)
16 disp(T)

17 disp(”Nm”)

Scilab code Exa 3.19 19

1 clc;

2 u=0.153; //Ns/mˆ2
3 r=0.05; // m
4 N=30; // rp s
5 t=2/10^5; // s
6 L=0.2; // m
7
8 tau=u*(2* %pi*N*r/t);

9
10 F=tau*2*%pi*r*L;

27



11
12 T=F*r;

13
14 w=2*%pi*N;

15 P=T*w;

16
17 disp(”The to rque on the b e a r i n g i s found to be ”);
18 disp(T);

19 disp(”Nm”);
20 disp(”and the power r e q u i r e d to overcome the

f r i c t i o n a l r e s i s t a n c e i s ”);
21 disp(P);

22 disp(”W”);

Scilab code Exa 3.20 20

1 clc;

2 t=0.0005; // s
3 P=22; //
4 r=300/60; //
5 R_1 =0.1; //
6 R_2 =0.0625; //
7
8 w=2*%pi*r;

9
10 u=2*t*P/(%pi*w^2*(( R_1)^4-(R_2)^4));

11 disp(”The v i s c o s i t y o f the o i l i s found to be ”);
12 disp(u);

13 disp(”Nsm−2. ”);
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Chapter 4

Dimensional Analysis

Scilab code Exa 4.5 5

1 clc

2 Rho_full =800; // kg/mˆ3
3 v_full =1.8; // m/ s
4 u_full =9*10^( -4);// Nm/ s ˆ2
5 Rho_model =1000; // kg/mˆ3
6 u_model =10^( -3); // Ns/mˆ2
7 d_full= 2;

8 d_model =1;

9 del_p_fmodel =4000; // N/mˆ2
10
11 v_model = ((( Rho_full * v_full)/u_full)/( Rho_model/

u_model))*( d_full/d_model);

12
13 del_p_f=del_p_fmodel*Rho_full *( v_full)^2/ Rho_model /(

v_model)^2;

14 disp(”The p r e s s u r e drop per un i t l e n g t h i n the f u l l −
s c a l e p ip e i s expec t ed to be ”)

15 disp(del_p_f)

16 disp(”kN/mˆ2”);

29



Chapter 5

Flow measurement by
differential head

Scilab code Exa 5.1 1

1 clc

2 rho_m =840; // kg/mˆ3
3 g=9.8; //m/ s ˆ2
4 H=0.03; //m
5 rho =1.2; // kg //mˆ3
6
7 dp=rho_m*g*H;

8
9 v1=sqrt (2*dp/rho);

10 disp(” Ve l o c i t y =”)
11 disp(v1)

12 disp(”m/ s ”)

Scilab code Exa 5.2 2

1 clc
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2 r=[0 0.05 0.10 0.15 0.20 0.225 0.25];

3 v=[19 18.6 17.7 16.3 14.2 12.9 0];

4
5 // We d e f i n e a new v a r i a b l e dQ=v∗2∗%pi∗ r . Accord ing

to the g i v en v a l u e s o f r , v , we ge t dQ as f o l l o w s
6 dQ=[0 5.8 11.1 15.4 17.8 18.2 0];

7 plot(r,dQ)

8 xtitle(””, ” Radius ”, ”v∗2∗%pi∗ r ”)
9 // From the graph a r ea under the curve comes out to

be 2 . 7 4
10 Q=2.74; // mˆ3/ s
11 disp(” Rate o f f l ow =”)
12 disp(Q)

13 disp(”mˆ3/ s ”)
14
15 d=0.5; // m
16
17 v=4*Q/%pi/d^2;

18 disp(” Average v e l o c i t y =”)
19 disp(v)

20 disp(”m/ s ”)

Scilab code Exa 5.3 3

1 clc

2 d1=0.1; //m
3 rho_Hg =13600; // kg/mˆ3
4 rho =1000; // kg/mˆ3
5 g=9.81; //m/ s ˆ2
6 H=0.8; //m
7 Cd =0.96;

8 Q=0.025; //mˆ3/ s
9

10 a=%pi*d1 ^2/4;

11 dp=(rho_Hg -rho)*g*H;
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12
13 B=((2* dp/(rho*((Q/Cd/a)^2)))+1) ^(1/4);

14
15 d2=d1/B;

16 disp(” Throat d i amete r =”)
17 disp(d2)

18 disp(”m”)
19
20 // The s h o r t e s t p o s s i b l e o v e r a l l l e n g t h o f v e n t u r i

i s t h e r e f o r e an en t r an c e cone o f 7 . 1 cm l e n g t h
(20 d e g r e e s ) , a t h r o a t o f 2 . 5 cm ( 0 . 2 5 pipe−
d i ame t e r s ) and an e x i t cone o f 1 9 . 7 cm ( 7 . 5
d e g r e e s ) g i v i n g an o v e r a l l l e n g t h o f 2 9 . 3 cm .

21
22 L=29.3; //cm
23 disp(” Ove r a l l Length =”)
24 disp(L)

25 disp(”m”)

Scilab code Exa 5.4 4

1 clc

2 Cd_o =0.65;

3 d=0.05;

4 d_o =0.025;

5 Cd_v =0.95;

6 d_v =0.038;

7
8 // ( Q o/Cd o ) ˆ2∗ ( ( d/ d o ) ˆ4 − 1)=(Q v/Cd v ) ˆ2∗ ( ( d/ d v

) ˆ4 − 1)
9

10 // Q v=4∗Q o
11 // Q = Q v + Q o
12 // Q = 5∗Qv
13 Q1=20;
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14 Q2=100-Q1;

15
16 disp(”Flow through o r i f i c e =”)
17 disp(Q1)

18 disp(”%”)
19
20 disp(”Flow through v e n t u r i =”)
21 disp(Q2)

22 disp(”%”)
23 disp(”Thus 20 % o f the f l ow pa s s e s through the

o r i f i c e meter wh i l e 80 % o f the f l ow pa s s e s
through the v e n t u r i . ”)

Scilab code Exa 5.5 5

1 clc

2 Qa =0.003/60; // mˆ3/ s
3 Ca=20; // g/ l
4 Co =0.126; // g/ l
5 dp =3700; // N/mˆ2
6 p=1000; // N/mˆ2
7 d=0.1; // m
8
9 a=%pi*d^2/4;

10 Qi=Qa*((Ca -Co)/Co);

11 Q=Qi+Qa;

12 B=10/6;

13
14 Cd=Q/a/sqrt (2*dp/p/(B^4-1));

15 disp(” C o e f f i c i e n t o f d i s c h a r g e =”)
16 disp(Cd)

Scilab code Exa 5.6 6
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1 clc

2 rho =850; // kg/mˆ3
3 Q=0.056; // mˆ3/ s
4 Cd =0.98;

5 d1=0.2; // m
6 d2=0.1; // m
7 g=9.81; // m/ s ˆ2
8 dz=0.3; // m
9

10 a=%pi*(d1)^2/4;

11
12 dp=rho /2*((Q/Cd/a)^2*(( d1/d2)^4 - 1) + 2*g*(dz));

13 disp(”The d i f f e r e n t i a l p r e s s u r e =”)
14 disp(dp)

15 disp(”N/mˆ2”)

Scilab code Exa 5.7 7

1 clc

2 g=9.81; // m/ s ˆ2
3 H=0.5; // m
4 rho_m =1075; // kg/mˆ3
5 rho =860; // kg/mˆ3
6 B=0.225/0.075;

7 a1=%pi /4*(0.225) ^2;

8 Cd =0.659;

9
10 v_t=sqrt (2*g*H*(rho_m -rho)/rho/(B^4-1));

11
12 Q=Cd*a1*v_t;

13 disp(”Rate o f f l ow =”)
14 disp(Q)

15 disp(”mˆ3/ s ”)
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Scilab code Exa 5.8 8

1 clc

2 m_f =0.03; // kg
3 rho_f =5100; // kg/mˆ3
4 d_l =0.3; // m
5 d_b =0.22; // m
6 H_tube =0.2; // m
7 Cd=0.6;

8 H=0.1; // m
9 g=9.81; // m/ s ˆ2

10 rho =1000; // kg/mˆ3
11
12 V_f=m_f/rho_f;

13
14 theta =2* atan((d_l -d_b)/2/ H_tube);

15
16 m=Cd*H*tan(theta /2)*sqrt (8*V_f*g*rho*(rho_f -rho)*%pi

);

17 disp(”Mass f l o w r a t e =”)
18 disp(m)

19 disp(”kg/ s ”)

Scilab code Exa 5.9 9

1 clc

2 d1 =0.05; // m
3 d2 =0.025; // m
4 Cd =0.97;

5 dp =1200; // N/mˆ2
6 rho =1000; // kg/mˆ3
7 H=0.15; // m
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8 theta =2; // d e g r e e s
9 V_f =10^( -4); // mˆ3

10 g=9.81; // m/ s ˆ2
11 rho_f =8000; // kg/mˆ3
12
13 B=d1/d2;

14 a=%pi/4*d1^2;

15
16 Q=Cd*a*sqrt (2*dp/rho/(B^4-1));

17 disp(”Flow r a t e o f water =”)
18 disp(Q)

19 disp(”mˆ3/ s ”)
20
21 Cd=Q/(H/rho*tand(theta /2)*sqrt (8*V_f*g*rho*(rho_f -

rho)*%pi));

22 disp(” C o e f f i c i e n t o f d i s c h a r g e o f the r o t amet e r =”)
23 disp(Cd)
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Chapter 6

Tank drainage and variable
head flow

Scilab code Exa 6.1 1

1 clc;

2 Q=5000/3600/24; // mˆ3 per second
3 C_d =0.6;

4 r=0.01/2; // m
5 g=9.8; // m/ s ˆ2
6 H=0.2; // m
7 a_o=%pi*r^2;

8
9 n=Q/C_d/a_o/sqrt (2*g*H);

10 disp(”The number o f o r i f i c e s r e q u i r e d a r e ”)
11 disp(n);

Scilab code Exa 6.2 2

1 clc;

2 x=0.86; // m
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3 g=9.8; // m/ s
4 y=0.96; // m
5 H=0.2; // m
6
7
8 v_act=x*sqrt(g/2/y);

9
10 v=sqrt (2*g*H);

11
12 Cv=v_act/v;

13 disp(”The c o e f f i c i e n t o f v e l o c i t y f o r the o r i f i c e i s
found to be ”)

14 disp(Cv);

Scilab code Exa 6.3 3

1 clc;

2 Vt=1; // mˆ3
3 d_t =1; // m
4 C_d =0.6;

5 d_o =0.02; // m
6 g=9.8; // m/ s ˆ2
7 a_o=%pi*(d_o)^2/4;

8
9 A=%pi*(d_t)^2/4;

10
11 H1=4*Vt/%pi/(d_t)^2;

12
13 t=A/C_d/a_o*sqrt (2*H1/g);

14 disp(” Tota l d r a i n ag e i s found to take ”)
15 disp(t)

16 disp(” s e cond s ”);

38



Scilab code Exa 6.4 4

1 clc;

2 C_d =0.6;

3 d_o =0.05; // m
4 g=9.8; // m/ s ˆ 2 ;
5 R=2; //
6 H1=1.5; //
7
8 a_o=%pi*d_o ^2/4;

9
10 t=%pi/C_d/a_o/sqrt (2*g)*(4/3*R*H1 ^(3/2) -2/5*H1 ^(5/2)

);

11 disp(”The t ime to d r a i n the tank i s found to be ”)
12 disp(t);

13 disp(” s e cond s ”);

Scilab code Exa 6.6 6

1 clc

2 Cd =0.62;

3 a=0.01; // mˆ2
4 g=9.81; // m/ s ˆ2
5 H=0.3; // m
6 A1=4*2; // mˆ2
7 H1=0.3; // m
8 H2=0.1; // m
9 A2=2*2; // mˆ2

10
11 Q=Cd*a*sqrt (2*g*H);

12 disp(”The r a t e o f f l ow =”)
13 disp(Q)

14 disp(”mˆ3/ s ”)
15
16 t=2*A1*(H1 ^(1/2) -H2 ^(1/2))/(Cd*a*sqrt (2*g)*(1+A1/A2)
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);

17 disp(”The t ime taken to r educe the d i f f e r e n c e i n
l e v e l s to 10 cm i s ”)

18 disp(t)

19 disp(” s ”)

Scilab code Exa 6.8 8

1 clc;

2 Qs=0.4; // mˆ3/ s
3 H1=1.5; // m
4 Q=0.2; // mˆ3/ s
5 H2=0.5; // m
6 l=15; // m
7 b=10; // m
8 A=l*b;

9
10 k=Qs*H1^( -1/2);

11
12
13 t=-2*A/k^2 *(Q*log((Q-k*(H2)^0.5) /(Q-k*(H1)^0.5))+k

*((H2)^0.5-(H1)^0.5));

14 disp(”The t ime r e q u i r e d f o r the l e v e l i n the tank to
f a l l to 1 m i s ”)

15 disp(t)

16 disp(” second ”)

Scilab code Exa 6.9 9

1 clc

2 Cd =0.62;

3 d=0.05;

4 a_o=%pi*d^2/4;
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5 g=9.81; // m/ s ˆ2
6
7 k=Cd*a_o*sqrt (2*g);

8
9 // We have got two s imu l t an eou s e qua t i o n s

10
11 // Q−k ∗ 0 . 6 5 ˆ ( 1 / 2 ) =0.1/90∗A
12 // Q−k ∗ 1 . 2 2 5 ˆ ( 1 / 2 ) =0.05/120∗A
13
14 M=[1 -0.1/90;1 -0.05/120];

15 N=[k*0.65^(1/2);k*1.225^(1/2) ];

16
17 X=inv(M)*N;

18
19 Q=X(1,1);

20 A=X(2,1);

21
22 disp(”The Area o f the tank =”)
23 disp(A)

24 disp(”mˆ2”)
25
26 disp(” F lowrate =”)
27 disp(Q)

28 disp(”mˆ3/ s ”)

Scilab code Exa 6.10 10

1 clc

2 H1=1.5; // m
3 V=0.75; // mˆ3
4 d1=1.2; // m
5 u=0.08; // Ns/mˆ2
6 L=3; // m
7 rho =1100; // kg/mˆ3
8 g=9.81; // m/ s ˆ2
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9 d=0.025; // m
10
11 a=%pi*d^2/4;

12 A=%pi*d1 ^2/4;

13 H2=H1 -(V/A);

14
15 t=-32*u*L*A/(a*rho*g*d^2)*log(H2/H1);

16
17 disp(”Time taken =”)
18 disp(t)

19 disp(” s ”)
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Chapter 7

Open channels notches and
weirs

Scilab code Exa 7.2 2

1 clc;

2 l=1; // m
3 b=0.3; // m
4 n=0.014; // s /mˆ(1/3 )
5 i=1/1000;

6
7 A=l*b;

8 P=2*b+l;

9 m=A/P;

10
11 Q=A/n*m^(2/3)*sqrt(i);

12 disp(”The d e l i v e r y o f water through the channe l i s
found to be ”)

13 disp(Q)

14 disp(”mˆ3/ s ”)
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Scilab code Exa 7.3 3

1 clc

2 n=0.015; // mˆ(−1/3) s
3 i=1;

4 H=[4.0 4.1 4.2 4.13];

5
6 A=12*H;

7 P=12+2*H;

8 m=A/P;

9 C=m^(1/6)/n;

10
11 Q=C*A*sqrt(m*i);

12
13 // An a n a l y t i c a l s o l u t i o n f o r depth H i s not

p o s s i b l e . I t i s t h e r e f o r e n e c e s s a r y to use a
g r a p h i c a l or t r i a l and e r r o r approach .

14
15 // The c o r r e s p ond i n g v a l u e s o f A, P , MHD (m) , Q ar e

g i v en below as per the taken v a l u e s o f H.
16 A=[48 49.2 50.4 49.56];

17 P=[20 20.2 20.4 20.26];

18 m=[2.4 2.44 2.47 2.45];

19 Q=[57.36 59.38 61.39 59.98];

20
21 plot(H,Q)

22
23 r=[4.13 4.13];

24 s=[57 60];

25 plot(r,s, ’ r ’ )
26
27 t=[4 4.13];

28 u=[60 60];

29 plot(t,u, ’ r ’ )
30
31 xtitle(””, ”Depth H”, ” F lowrate Q”)
32
33 // The r e f o r e the depth i s found to be approx imate l y
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4 . 1 3
34
35 depth =4.13; //m
36 disp(”Depth = ”)
37 disp(depth)

38 disp(”m”)
39
40 C1 =(2.45) ^(1/6)/n;

41 disp(”Chezy C o e f f i c i e n t =”)
42 disp(C1)

Scilab code Exa 7.4 4

1 clc;

2 Q=300/60; // mˆ3/ s
3 i=1/1600;

4
5 H=(Q/140* sqrt (2/i))^(2/3);

6
7 A=2*H^2;

8 disp(”The minimum f l ow ar ea i s found to be ”)
9 disp(A)

10 disp(”mˆ2”)

Scilab code Exa 7.5 5

1 clc

2 d=0.9144; // m
3 C=100; // mˆ(1/2 ) s ˆ(−1)
4 R=d/2;

5
6 H=[0.1 0.15 0.2 0.25 0.201];

7
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8 theta=acos((R-H)/R);

9 A=R^2*( theta -sin(2* theta)/2);

10 P=2*R*theta;

11 m=A/P;

12
13 // An a n a l y t i c a l s o l u t i o n f o r depth H i s not

p o s s i b l e . I t i s t h e r e f o r e n e c e s s a r y to use a
g r a p h i c a l or t r i a l and e r r o r approach .

14
15 // The c o r r e s p ond i n g v a l u e s o f theta , A, P , MHD (m) ,

Q ar e g i v en below as per the taken v a l u e s o f H.
16
17 theta =[0.674 0.834 0.973 1.101 0.975];

18 A=[0.039 0.070 0.106 0.146 0.107];

19 P=[0.616 0.763 0.890 1.006 0.891];

20 m=[0.063 0.092 0.119 0.145 0.120];

21 Q=[248.7 543.2 932.2 1412.9 940.0];

22
23 plot(H,Q)

24
25 i=[0.201 0.201];

26 j=[0 940];

27 plot(i,j, ’ r ’ )
28
29 k=[0 0.201];

30 l=[940 940];

31 plot(k,l, ’ r ’ )
32
33 xtitle(””, ”Depth H”, ” F lowrate Q”)
34
35 Depth =0.201; // m
36 disp(”The depth i n the channe l =”)
37 disp(Depth)

38 disp(”m”)
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Scilab code Exa 7.7 7

1 clc;

2 Cd =0.56;

3 B=1.2; // m
4 g=9.8; // m/ s ˆ2
5 H=0.018; // m
6
7 Q=2/3* Cd*B*sqrt (2*g)*H^(3/2);

8 disp(”The r a t e o f f l ow o f l i q u i d ove r the we i r i s ”)
9 disp(Q)

10 disp(”mˆ3/h”)

Scilab code Exa 7.8 8

1 clc;

2 H2=5.5;

3 Q1=217;

4 Q2=34;

5 H1=8.5;

6
7 H0=(H2*(Q1/Q2)^(2/3) -H1)/((Q1/Q2)^(2/3) -1);

8 disp(”The h e i g h t o f the we i r c r e s t above the s u r f a c e
o f the r i v e r i s found to be ”)

9 disp(H0)

10 disp(”m”)

Scilab code Exa 7.9 9

1 clc

2 H=0.07; // ave rage head
3 rate = -0.02/600; // (dH/ dt )
4 H1 =0.08; // m
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5 H2 =0.01; // m
6
7 k=-rate/H^(3/2);

8
9 t=integrate( ’−1/k∗Hˆ(−3/2) ’ , ’H ’ , H1, H2);

10 disp(”Time taken =”)
11 disp(t)

12 disp(” s ”)

Scilab code Exa 7.10 10

1 clc

2 Cd =0.62;

3 g=9.81; // m/ s ˆ2
4 H=0.03; // m
5
6 Q=8/15* Cd*sqrt (2*g)*H^(5/2);

7 disp(”Rate o f f l ow =”)
8 disp(Q)

9 disp(”mˆ3/ s ”)

Scilab code Exa 7.11 11

1 clc

2 l=4; // m
3 b=2; // m
4 H1 =0.15; // m
5 H2 =0.05; // m
6
7 t=integrate( ’− l ∗b /1 . 5∗Hˆ(−5/2) ’ , ’H ’ , H1, H2);

8 disp(”Time taken to r educe the head in the the tank
=”)

9 disp(t)
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10 disp(” s ”)
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Chapter 8

Pipe friction and turbulent flow

Scilab code Exa 8.4 4

1 clc

2 rho =867; // kg/mˆ3
3 Q=12/3600; // mˆ3/ s
4 u=7.5*10^( -4); // Ns/mˆ2
5 L=200; // m
6 H=10; // m
7 g=9.81; // m/ s ˆ2
8
9 d=(H*2*g/(4*0.079*(4* rho*Q/%pi/u)^( -1/4)*L*(4*Q/%pi)

^2))^( -4/19);

10 disp(” I n t e r n a l d i amete r o f the p i p e l i n e =”)
11 disp(d)

12 disp(”m”)
13
14 Re=4*rho*Q/%pi/d/u;

15 disp(”Re =”)
16 disp(Re)

17 disp(”The va lu e o f Reynolds number l i e s between 4000
and 10ˆ5 , c o n f i rm i n g the v a l i d i t y o f u s i n g the

B l a s i u s equa t i on f o r smooth−wa l l e d p i p e s ”)
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Scilab code Exa 8.5 5

1 clc

2 m=40/60; // kg/ s
3 rho =873; // kg/mˆ3
4 d=0.025; // m
5 u=8.8*10^ -4; // Ns/mˆ2
6 dp =55*10^3; //N/mˆ2
7 L=18; // m
8 g=9.81; // m/ s ˆ2
9

10 v2=4*m/rho/%pi/d^2;

11 Re=rho*v2*d/u;

12
13 // Accord ing to t h i s va l u e o f Re , Prandt l ’ s e qua t i on

i s s a t i s f i e d .
14 // 1/ s q r t ( f )=4∗ l o g (Re∗ s q r t ( f ) ) −0.4
15 // By t r i a l and e r r o r method we ge t f r i c t i o n f a c t o r

equa l to
16 f=0.0055;

17
18 H=dp/rho/g + v2^2/2/g + v2^2/2/g*(4*f*L/d+1.5);

19 disp(”The minimum a l l owab l e h e i g h t =”)
20 disp(H)

21 disp(”m”)

Scilab code Exa 8.6 6

1 clc;

2 Q=15/3600; // mˆ3/ s
3 d=0.05; // m
4 Rho =780;
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5 u=1.7*10^( -3); // Ns/mˆ2
6 f=0.0065;

7 L=100; // m
8 g=9.8; // mˆ2/ s
9

10 v=4*Q/%pi/d^2;

11
12 del_pf =2*f*Rho*v^2*L/d;

13 disp(”The p r e s s u r e drop due to f r i c t i o n i s ”)
14 disp(del_pf);

15 disp(”kNm−2”)
16
17 H_f =4*f*L*v^2/(d*2*g);

18 H_exit=v^2/2/g;

19 H_entrance=v^2/4/g;

20
21 H=H_f+H_exit+H_entrance;

22 disp(”and the d i f f e r e n c e i n l e v e l s i s ”)
23 disp(H);

24 disp(”m”);

Scilab code Exa 8.7 7

1 clc

2 f=0.005;

3 L=10; // m
4 d=0.025; // m
5 g=9.81; // m/ s ˆ2
6
7 // H L=4∗ f ∗L/d∗v ˆ2/2/ g+0.5∗v ˆ2/2/ g
8 // H L=8.5∗v ˆ2/2/ g
9

10 // By B e r n o u l l i e qua t i on we ge t
11 // H=2.62+9.5∗ v2 ˆ2/2/ g
12
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13 // Apply ing the B e r n o u l l i e qua t i on between the
l i q u i d s u r f a c e and d i s c h a r g e po i n t

14 // H L=33.5∗ v2 ˆ2/2/ g
15
16 // So l v i n g above two we ge t
17 v2=1.9; // m/ s
18
19 Q=%pi*d^2/4*v2;

20 disp(”Rate o f f l ow =”)
21 disp(Q)

22 disp(”mˆ3/ s ”)
23
24 H=2.62+9.5* v2^2/2/g;

25 disp(”The minimum a l l owab l e h e i g h t =”)
26 disp(H)

27 disp(”m”)

Scilab code Exa 8.8 8

1 clc;

2 d_A =0.025; // m
3 v_A =1.21; // m/ s
4 d_B =0.05; // m
5 v_B =1.71; // m/ s
6
7 Q_A=%pi*d_A^2* v_A/4;

8 disp(”The r a t e o f f l ow through p a r a l l e l p i p e s A i s ”
)

9 disp(Q_A);

10 disp(”mˆ3/ s ”)
11
12 Q_B=%pi*d_B^2* v_B/4;

13 disp(”The r a t e o f f l ow through p a r a l l e l p i p e s B i s ”
)

14 disp(Q_B);
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15 disp(”mˆ3/ s ”)

Scilab code Exa 8.9 9

1 clc

2 d2 =0.06; // m
3 d1 =0.12; // m
4 k=0.44;

5 f=0.05;

6 L1=500; // m
7 g=9.81; // m/ s ˆ2
8
9 // v1=d2 ˆ2/ d1 ˆ2∗ v2

10
11 // H f=4∗ f ∗L1/16/d∗v2 ˆ2/2/ g
12 // H c=k∗v2 ˆ2/2/ g
13 // H f=4∗ f ∗L2/d∗v2 ˆ2/2/ g
14 // H ex i t=v2 ˆ2/2/ g
15
16 v2=sqrt (30*2*g/173.4);

17
18 Q=%pi*d2 ^2/4*v2;

19 disp(”The r a t e o f f l ow =”)
20 disp(Q)

21 disp(”mˆ3/ s ”)

Scilab code Exa 8.10 10

1 clc

2 m=12*10^3/3600; // kg/ s
3 Rho =815; // kg/mˆ3
4 d=0.05; // m
5 e=0.02;
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6 d1=50; // m
7 d2 =0.038; // m
8 g=9.8; // m
9

10 v=4*m/Rho/%pi/d^2;

11
12 f1 =1/(2* log10(d1/e)+2.28) ^2;

13
14 L_eq=d1+2*d1*d;

15
16 H_50mm =4*f1*L_eq*v^2/(d*2*g);

17
18 v=4*m/(Rho*%pi*d2^2);

19
20 f2 =1/(2* log10 (38/e)+2.28) ^2;

21
22 L_eq=d1+2*d1*d2;

23 H_38mm =4*f2*L_eq*v^2/(d2*2*g);

24
25 Hr=0.2*v^2/(2*g);

26
27 H_L=H_50mm+H_38mm+Hr;

28
29 del_p_f=Rho*g*H_L;

30 disp(”The t o t a l p r e s s u r e drop due to f r i c t i o n
through the p ipe system i s ”)

31 disp(del_p_f);

32 disp(”N/mˆ2”)

Scilab code Exa 8.11 11

1 clc

2 // H L=1.2∗v ˆ2/2/ g
3
4 // H L=4∗ f ∗L eq /d∗Vˆ2/2/ g
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5
6 // L eq=60∗d
7
8 // H L=240∗ f ∗v ˆ2/2/ g
9 // Combining the two e qua t i o n s f o r head l o s s

10 // 1 . 2∗ v ˆ2/2/ g=240∗ f ∗v ˆ2/2/ g
11
12 f=1.2/240;

13 disp(” F r i c t i o n f a c t o r =”)
14 disp(f)

Scilab code Exa 8.12 12

1 clc

2 // dp AB+dp BC=dp AD+dp DC
3
4 // dp AD=2∗ f ∗ rho ∗vˆ2∗L/d
5
6 // dp AD=16600∗(3−Q) ˆ2
7 // L i k ew i s e
8 // dp AB=16600∗Qˆ2
9 // dp BC=16600∗(Q+0.5) ˆ2

10 // dp DC=16600∗(2.1−Q) ˆ2
11 // By s o l v i n g above 5 equa t i on s , we ge t
12
13 Q=1.175; // l i t r e s per second
14
15 disp(”The r a t e o f f l ow from B to C =”)
16 disp(Q+0.5)

17 disp(” l i t r e s per second ”)
18
19 dp_AD =16600*(3 -Q)^2;

20 dp_AB =16600*Q^2;

21 dp_BC =16600*(Q+0.5) ^2;

22 dp_DC =16600*(2.1 -Q)^2;
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23
24 disp(”dp AD =”)
25 disp(dp_AD /1000)

26 disp(”kN/mˆ2”)
27
28 disp(”dp AB =”)
29 disp(dp_AB /1000)

30 disp(”kN/mˆ2”)
31
32 disp(”dp BC =”)
33 disp(dp_BC /1000)

34 disp(”kN/mˆ2”)
35
36 disp(”dp DC =”)
37 disp(dp_DC /1000)

38 disp(”kN/mˆ2”)
39
40
41 disp(”The l owe s t p r e s s u r e drop i s i n the p ipe

c onn e c t i n g C and D”)

Scilab code Exa 8.13 13

1 clc

2 H2=0.5; //m
3 H1=2; //m
4 A=4; //mˆ2
5 f=0.005;

6 L=20; //m
7 d=0.025; //m
8 g=9.81; // m/ s ˆ2
9

10 a=%pi*d^2/4;

11
12 t=integrate( ’−A∗ s q r t ( ( 4∗ f ∗L/d ) +2.5) /a /( s q r t (2∗ g ) ) ∗ (H

57



) ˆ(−1/2) ’ , ’H ’ , H1, H2);

13 disp(”Time taken =”)
14 disp(t)

15 disp(” s ”)

Scilab code Exa 8.14 14

1 clc

2
3 d0 =0.15; // m
4 d1=0.1; // m
5 Q=50/3600; // mˆ3/ s
6 f=0.0052;

7 Rho =972;

8
9 a=%pi /4*((d0)^2-(d1)^2);

10
11 P=%pi*((d0)+(d1));

12
13 d_eq =4*a/P;

14
15 v=Q/a;

16
17 del_p_f =2*f*Rho*v^2/ d_eq;

18 disp(” the p r e s s u r e drop due to f r i c t i o n per metre
l e n g t h o f tube i s found to be ”)

19 disp(del_p_f)

20 disp(”Nmˆ2/m”)

Scilab code Exa 8.15 15

1 clc

2 f=0.005;
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3 Q=0.07; // mˆ3/ s
4 g=9.81; // m/ s ˆ2
5
6 H_f=integrate( ’ 32∗ f ∗ (Q) ˆ ( 2 ) /( %pi ) ˆ ( 2 ) /g /(0 .3 −0 .0666∗

L) ˆ ( 5 ) ’ , ’L ’ , 0, 3);

7 disp(” F r a c t i o n a l head l o s s =”)
8 disp(H_f)

9 disp(”m”)

Scilab code Exa 8.16 16

1 clc

2 g=9.81; // m/ s ˆ2
3 H=4; // m
4 f=0.006;

5 L=50; // m
6 d=0.1; // m
7
8 v1=sqrt (2*g*H/(4*f*L/d + 1.3));

9
10 t=integrate( ’ 4/ ( v1ˆ2−v ˆ2) ’ , ’ v ’ , 0, 0.99*v1);

11 disp(”Time taken =”)
12 disp(t)

13 disp(” s ”)
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Chapter 9

Pumps

Scilab code Exa 9.2 2

1 clc

2 d=0.1; // m
3 v_r =2; // m/ s
4 f=0.005;

5 g=9.81; // m/ s ˆ2
6 L_s =2; // m
7 L_r =10; // m
8 Q1 =1.1*10^( -2); // mˆ3/ s
9 z_t =12; // m

10 z_s =5; // m
11 L1=20; // m
12
13 Q=%pi*d^2/4* v_r;

14 H=12 -70*Q -4300*Q^2;

15 k=2*g*H/v_r^2 - (4*f*(L_s+L_r)/d) - 1;

16 disp(”The head l o s s a c r o s s the r e s t r i c t i o n o r i f i c e =
”)

17 disp(k)

18 disp(” v e l o c i t y heads ”)
19
20 // For the c a s e o f the va l v e be ing f u l l y open
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21 v_t =4*Q1/%pi/d^2;

22 v_r =((2*g*(z_t -z_s) + (4*f*L1/d + 1)*v_t ^2) /(4*f*L_r

/d + k + 1))^(1/2);

23
24 H1=4*f*L_r/d*v_r ^2/2/g + 4*f*L_s/d*(v_r^2+ v_t^2)/2/g

+ k*v_r ^2/2/g + v_r ^2/2/g;

25
26 Q=%pi*d^2/4*( v_t+v_r);

27
28 H2=12 -70*Q -4300*Q^2;

29
30 disp(”System head =”)
31 disp(H1)

32 disp(”m”)
33
34 disp(” De l i v e r e d head =”)
35 disp(H2)

36 disp(”m”)
37
38 disp(”The d e l i v e r e d head t h e r e f o r e c l o s e l y matches

the system head at the f l ow r a t e o f 1 .1∗10ˆ( −2) m
ˆ3/ s , c o r r e s p ond i n g to the duty po i n t ”)

Scilab code Exa 9.6 6

1 clc

2 NPSH =5; // m
3 p_v =18*10^3; // N/mˆ2
4 p_l =0.94*101.3*10^3; // N/mˆ2
5 rho =970; // kg/mˆ3
6 g=9.81; // m/ s ˆ2
7 z_s =3; // m
8 H_L =0.5; // m
9 d=3; // m

10 h=2.5; // m
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11 Q=5; // mˆ3/h
12
13 z1=NPSH+(p_v -p_l)/rho/g + z_s + H_L;

14 V=%pi/4*d^2*(h-z1);

15 t=V/Q;

16
17 disp(” Quant i ty o f l i q u i d d e l i v e r e d =”)
18 disp(V)

19 disp(”mˆ3”)
20
21 disp(”Time taken =”)
22 disp(t)

23 disp(”h”)

Scilab code Exa 9.8 8

1 clc

2 N_s =0.14; // mˆ(3/4 ) s ˆ(−3/2)
3 H=30; // m
4 p_v =7.38*10^3; // N/mˆ2
5 p_l =50*10^3; // N/mˆ2
6 rho =992; // kg/mˆ3
7 g=9.81; // m/ s ˆ2
8 H_L =0.2; // m
9

10 NPSH =2.8* N_s ^(4/3)*H;

11 z1=NPSH+(p_v -p_l)/rho/g+H_L;

12 disp(”The minimum l e v e l o f the alarm =”)
13 disp(z1)

14 disp(”m”)

Scilab code Exa 9.10 10
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1 clc

2 dz=10; // z2−z1
3 g=9.81; // m/ s ˆ2
4 d=0.05; // m
5 f=0.005;

6 L=100; // m
7 N1 =1200; // rpm
8
9 // H=z2−z1+16∗Qˆ2/2/ g/%pi ˆ2/d ˆ4∗ (4∗ f ∗L/d+1)

10 // H=10+5.42∗10ˆ5∗Qˆ2
11
12 Q=[0.000 0.002 0.004 0.006 0.008 0.010];

13 H_p =[40.0 39.5 38.0 35.0 30.0 20.0];

14 H_s =[10.0 12.2 18.7 29.5 44.7 64.2];

15
16 plot(Q,H_p , ’ b ’ )
17 plot(Q,H_s , ’ r ’ )
18 xtitle(””, ”Flow”, ”Head”)
19 legend(”pump”, ” system ”)
20
21 a=[0.0066 0.0066];

22 b=[0 33.8];

23 plot(a,b, ’−− ’ )
24 e=[0 0.0066];

25 f=[33.8 33.8];

26 plot(e,f, ’−− ’ )
27
28 i=[0.0049 0.0049];

29 h=[0 23];

30 plot(i,h, ’−− ’ )
31 l=[0 0.00495];

32 m=[23 23];

33 plot(l,m, ’−− ’ )
34
35 // From graph
36 H1=34; // m
37 H2=23; // m
38 Q1 =0.0066; // mˆ3/ s
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39 Q2 =0.00495; // mˆ3/ s
40
41 disp(”Duty po i n t =”)
42 disp(Q1)

43 disp(”mˆ3/ s ”)
44
45 N2=N1*(H2/H1)^(1/2);

46 disp(”The speed o f the pump to r educe the f l ow by 25
% =”)

47 disp(N2)

48 disp(”rpm”)

Scilab code Exa 9.11 11

1 clc

2 Q=0.05; // mˆ3/ s
3 v=2; // m/ s
4 f=0.005;

5 L_s =5; // m
6 d=0.178; // m
7 g=9.81; // m/ s ˆ2
8 L_d =20; // m
9 p2 =1.5*10^5; // N/mˆ2

10 p1 =0.5*10^5; // N/mˆ2
11 rho =1000; // kg/mˆ3
12 z2=15; // m
13 z1=5; // m
14 N1 =1500/60; // rp s
15
16
17
18
19 d=(4*Q/%pi/v)^(1/2);

20 H_f_s =4*f*L_s/d*v^2/2/g;

21 H_f_d =4*f*L_d/d*v^2/2/g;
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22
23 H=1/(1 -0.25) *((p2-p1)/rho/g + v^2/2/g + z2 - z1 +

H_f_s + H_f_d);

24
25 // n=rho ∗g∗Q∗H/P
26
27 Q=[0 5 10 15 20 25];

28 H=[9.25 8.81 7.85 6.48 4.81 2.96];

29 P=[- 0.96 1.03 1.19 1.26 1.45];

30 n=[0 45 75 800 75 50];

31
32 H=27.96; // m
33 H1 =6.48; // m
34 Q1 =0.015; // mˆ3/ s
35 Q=0.05; // mˆ3/ s
36 D1 =0.15; // m
37 n=0.80;

38
39 disp(” D i f f e r e n t i a l Head =”)
40 disp(H)

41 disp(”m”)
42
43 N=N1*(H/H1)^(3/4) *(Q1/Q)^(1/2);

44
45 D=D1*(Q*N1/Q1/N)^(1/5);

46 disp(”The i m p e l l e r d i amete r =”)
47 disp(D)

48 disp(”m”)
49
50 disp(”The r o t a t i o n a l speed at maximum e f f i c i e n c y =”)
51 disp(N)

52 disp(” rp s ”)
53
54 P=rho*g*Q*H/n;

55 disp(”Power input to the pump =”)
56 disp(P)

57 disp(”W”)
58
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59 N_s=N1*Q1 ^(1/2)/H1 ^(3/4);

Scilab code Exa 9.12 12

1 clc

2 N=2000/60; // rp s
3 Q=50/3600; // mˆ3/ s
4 g=9.81; // m/ s ˆ2
5 H=5; // m
6
7 S_n=N*Q^(1/2) /(g*H)^(3/4);

8 disp(” Suc t i on s p e c i f i c speed =”)
9 disp(S_n)

Scilab code Exa 9.14 14

1 clc

2 A=0.01; // mˆ2
3 L=0.3; // m
4 N=60/60; // rp s
5 V_act =10.6/3600; // mˆ3/ s
6 rho =1000; // kg/mˆ3
7 g=9.81; // m/ s ˆ2
8 Q=10.6/3600; // mˆ3/ s
9 H=15; // m

10
11 V=A*L*N;

12
13 Cd=V_act/V;

14 disp(” C o e f f i c i e n t o f d i s c h a r g e =”)
15 disp(Cd)

16
17 P=rho*g*Q*H;
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18 disp(”The power r e q u i r e d =”)
19 disp(P)

20 disp(”W”)

Scilab code Exa 9.15 15

1 clc

2 // x=r ∗(1− co s ( wt ) )
3 // v=r ∗wsin ( wt )
4 // V=2∗A∗w∗ r
5 // Q=V/2/%pi
6 // Q=A∗w∗ r /%pi
7
8 // Q peak=A∗w∗ r
9

10 // Q peak /Q=%pi
11
12 disp(”The r a t i o o f peak to ave rage f l ow =”)
13 disp(%pi)
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