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Chapter 7
FLOW THROUGH PIPES

7-1 Friction Losses of Head in Pipes 7-2 Secondary Losses of Head in Pipes 48

7-3 Flow through Pipe Systems

7-1 Eriction Losses of Head in Pipes:

There are many types of losses of head for flowing liquids such as friction,
inlet and outlet losses. The major loss is that due to frictional resistance of the
pipe, which depends on the inside roughness of the pipe. The common
formula for calculating the loss of head due to friction is Darcy’s one.

Darcy’s formula for friction loss of head:

For a flowing liquid, water in general, through a pipe, the horizontal forces on
water between two sections (1) and (2) are:

Area A

P1LA=P2A+FR

1 Direction
P1= Pressure intensity at (1). 2 of Flow
A = Cross sectional area of pipe. '
P2= Pressure intensity at (2).
FR= Frictional Resistance at (2). Friction along Wall

\

[
—

Fluid Flow

-_
B —

FR/yA=(P1/y)-(P2/y)=hf

Friction along WWall
Where, hf = Loss of pressure head due to friction.
v = Specific gravity of water.

It is found experimentally that:
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2
FR = Factor x Wetted Area x Velocity
FR=(yf/2g) x (md L) x Vv’

Where, f = Friction coefficient.
d = Diameter of pipe.
L = Length of pipe.

hf=(yf/29) X (nd L) xv2 = 4f* L * \?
v (n d2 /4) d*2g

hf= 4fLv?Z2
29d

It may be substituted for [v = Q / (x d2 /4)] in the last equation to get the head
loss for a known discharge. Thus,

hf= 32fLQ?Z2
n2gd?3

Note: In American practice and references, A = f american = 4 T

Example 1:
A pipe 1 m diameter and 15 km long transmits water of velocity of 1 m/sec.

The friction coefficient of pipe is 0.005.
Calculate the head loss due to friction?

Solution
hf=  4fLv2
2gd
hf = 4x0.005x15000x 12  =1529 m

2x981x1
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The Darcy — Weisbach equation relates the head loss (or pressure loss) due
to friction along a given length of a pipe to the average velocity of the fluid
flow for an incompressible fluid.

The friction coefficient f (or A = 4 f) is not a constant and depends on the
parameters of the pipe and the velocity of the fluid flow, but it is known to
high accuracy within certain flow regimes.

For given conditions, it may be evaluated using various empirical or
theoretical relations, or it may be obtained from published charts.

Re (Reynolds Number) is a dimensionless number. Re=pvd
U
For pipes, Laminar flow, R. <2000
Transitional flow, 2000 < R¢ < 4000
Turbulent flow, Re > 4000

For laminar flow,

Poiseuille law, (f = 64/Re) where Re is the Reynolds number .

For turbulent flow,

Methods for finding the friction coefficient f include using a diagram such as
the Moody chart, or solving equations such as the Colebrook—White equation.

Also, a variety of empirical equations valid only for certain flow regimes such
as the Hazen — Williams equation, which is significantly easier to use in
calculations. However, the generality of Darcy — Weisbach equation has made
it the preferred one.

The only difference of (hf) between laminar and turbulent flows is the
empirical value of (f).
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Introducing the concept of smooth and rough pipes, as shown in Moody chart,

we find:

1) For laminar flow, =16/ R.

2) For transitional flow, pipes' flow lies outside this region.

3) For smooth turbulent (a limiting line of turbulent flow), all values of
relative roughness (ks/d) tend toward this line as R decreases. Blasius
equation: f =0.079 / RS>®

4) For transitional turbulent, it is the region where (f) varies with both (ks/d)
& (R.). Most pipes lie in this region.

5) For rough turbulent, (f) is constant for given (ks/d) and is independent of

(Re).

Doing a large number of experiments for the turbulent region for commercial
pipes, Colebrook-White established the equation:

k. 1.26
= _41Gg1|:' -

1
= - + o
Jr 3.71d " Re,[f

This equation is easily solved employing Moody chart.

o1
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Example 2:
Water flows in a steel pipe (d = 40 mm, k = 0.045x103 m, p = 0.001 k/ms)

with a rate of 1 lit/s.

Determine the friction coefficient and the head loss due to friction per
meter length of the pipe using:

1- Moody chart? 2- Smooth pipe formula?

Solution

v=0Q/A=0.001/(r (0.04)%/4) = 0.796 m/s
Re=p v d/p = (1000x0.796x0.04) / 0.001 = 31840 > 4000

.. Turbulent flow.

1. Moody chart:

k/d = 0.045x10°3 / 0.04 = 0.0011 & Re = 31840
.~.from the chart, f=0.0065
hf=  4fLy = 4x0.0065x1x(0.796)2 =0.0209 m/ m of pipe
29d 2x9.81x0.04

2. Smooth pipe (Blasius equation):

f=0.079 / R"% = 0.079 / (31840) = 0.0059

hf=  4fLy = 4x0.0059x1x(0.796)2 =0.02 m/m of pipe
29d 2x9.81x0.04
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Another Solution:

Moody friction factor calculation 1s mobile-device-friendly as of January 29. 2014

Select Calculation: Click to Calculate |
® Circular Duct: Enter D and Q Kinematic viscosity, v (L2T):  |1.0E6
) Circular Duct: Enter D and V Surface Roughness. ¢ (L): 4 5E5
. Circular Duct: Enter D and Re Duct Diameter, D (L): 0.04
) Non-circular Duct: Enter A, P, and Q Duct Area. A (Lz:]: 0.0012566371
) Non-circular Duct: Enter A, P, and V Duct Perimeter, P (L): (.12566371
) Non-circular Duct: Enter A, P, and Re Veloatty, V (L/T): (.79577472
© 2014 LMNO Engineering. Discharge, Q (L3.-"T]: 0.001
Research, and Software, Ltd. Reynolds Number: 31830.969
hietp:/ ‘www. LMNOeng.com eD: 0.001125
Initial Values | Moody Friction Factor, f: 0026171935
F= e for Fe=2100(laminar flow) Re = g2}
Ee L4
f= 1325 for 5000<Re<10° (urbulert. flow) and 10 “<-2<10 2
2 P
e 574
In +
37D Re 0.9

D = Diameter of a circular duct. If duct 1s non-circular, then D is computed as the hydraulic diameter of a
rectangular duct, where D = 4A / P per our pon-circular duct page.
Ee = Reynolds Number. The symbol Be is not the product (B)(e).

KEinematic viscosity (V) depend.s on the fluid i_'u. ater_air_etc. } Chc]i for Iﬂ‘ble

The equations used m this program represent the Moody diagram which is the old-fashioned way of finding
f You may enter numbers in any units, so long as you are consistent. (L) means that the 1\.a.ti:aﬂ:}l-e- has units

of length (e g meters). (L3 /T) means that the variable has units of cubic length per time (e g m? /s). The
Moody friction factor (f) 1s used 1n the Darcv-Weisbach major loss eguation. INote that for lamunar flow, f1s

independent of e. However, vou must still enter an e for the program to run even though e is not used to
compute f Equations can be found m Discussion and References for Closed Condust Flow.

A more complicated equation which represents a slightly larger range of Reynolds numbers and e/D's 15 used

© 1999-2014 LMNO Engineering, Research, and Software, Ltd. All rights reserved.

LMNO Engineering, Research. and Software. Ltd.
7860 Angel Ridge Rd. Athens, Ohio 45701 USA Phone and fax: (740) 592-1890
LMVNO@IMNOens. com http/fweww LMNQOeno.com

Angust 25, 2015: Made text fields show 8 significant figures rather than 16. Calculation still uses double
precision internally .
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Example 3:
The pipe of a syphon has 75 mm diameter and discharges

water to the atmosphere, as shown in figure.
Neglect all possible losses.

a. Determine the velocity of flow?

b. Find the discharge?

c. What is the absolute pressure at the point 2?

Solution

(@) _Applying Bernoulli’s equation between (1) and (3),
2+0+0=0+0+(v%/29)

V3 =6.26 m/s

(0) Q=vVsx A=626x (n(0.075)%/4) = 0.028 m3s

(c) _Applying Bernoulli’s equation between (1) and (2),
2+0+0=23.4+Py/pg+(6.26%29)

l4dm

3
E

P, =-3.397 x (1000 x 9.81) = - 33327.8 N/m? = - 33.33 kPa

Poans = 64.77 kPa where, (Pam = 98.1 KN/m?)

7-2 Secondary Losses of Head in Pipes:

Any change in a pipe (in direction, in diameter, having a valve or other

fitting) will cause a loss of energy due to the disturbance in the flow.

hs = K (V2 / 29)

The velocity v is the velocity at the entry to the fitting. When the velocity
changes upstream and downstream the section, the larger velocity is generally

used.
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Obstruction K
Tank Exit 0.5
Tank Entry 1.0
Smooth Bend 0.3
90° Elbow 0.9
45° Elbow 0.4
Standard T 1.8
Strainer 2.0
Angle Valve, wide open 5.0

Gate Valve: 0.2
Wide Open
3/4 open 1.2
1/2 open 5.6
1/4 open 24.0
Sudden Enlargement 0.1

Sudden Contraction:

Area Ratio (Ax/A1) =0.2 0.4
Area Ratio (Ax/A1) =0.4 0.3
Area Ratio (A,/A;) =0.6 0.2
Area Ratio (A/A;) =0.7 0.1
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Example 4: B

A pipe transmits water from a tank A to A

point C that is lower than water level in T d

the tank by 4 m. The pipe is 100 mm zZA IB L C
diameter and 15 m long. a | 57

The highest point on the pipe B is 1.5 m above water level in the tank and 5 m
long from the tank. The friction factor (4 f) is 0.08, with sharp inlet and outlet
to the pipe.

a. Determine the velocity of water leaving the pipe at C?

b. Calculate the pressure in the pipe at the point B?

Solution

(@) Applying Bernoulli’s equation between A and C,

Head loss due to entry (tank exit, from table) = 0.5 (v2c/2g)

Head loss due to exit into air without contraction = 0

4fLV2c

Za+0+0=2Zc+0+(v%/2g) + 0.5 (v’%c/2g) + 0 + ~—7gd

4 = (v3c/2g) x {1 + 0.5 + (4x0.08x15)/0.1}

~.Ve=1.26 m/s

(b)  Applying Bernoulli’s equation between A and B,

4fLV2|3
2gd

2 2
In+0+0=2Z5+ PB/pg + (V B/2g) + 0.5 (V 3/29) +

- 1.5 = Pg/(1000x9.81) + (1.262/2x9.81) * {1 + 0.5 + (4x0.08x5)/0.1}

~.Pg =-28.61 KN/m?



2nd

7-3 Elow through Pipe Systems:

Pipes in Series:
Pipes in series are pipes with different diameters and lengths connected

together forming a pipe line. Consider pipes in series discharging water from
a tank with higher water level to another with lower water level, as shown in
the figure.

Neglecting secondary losses,
it is obvious that the total
head loss H| between the

two tanks is the sum of the
friction losses through the
pipe line.

Friction losses through the pipe line are the sum of friction loss of each pipe.
HL=hf1+hf2+hf3+...

HL= 4fiLqv12 * 4fplovp2 T 4fglgvz2 * -
2gd1 2qgdo 2903

HL= 321L1Q2 * 32fLpQ2 T 32f3L3Q2 * -
n2gdy O n2gdp S n2 gd3 S

Pipes in Parallel:
Pipes in parallel are pipes with different diameters and same lengths, where

each pipe is connected separately to increase the discharge. Consider pipes in
parallel discharging water from a tank with higher water level to another with
lower water level, as shown in the figure.

Neglecting minor losses, it is |
obvious that the total head loss Hy,
HL between the two tanks is hy —

the same as the friction losses

N
through each pipe. w
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The friction losses through all pipes are the same, and all pipes discharge
water independently.

HL=hf1=hf2=....
L1=L2=L

HL= 4fiLvi2 = 4fpLvp2 = -
29dy 29d2

HL= 32f1LQ12 = 32f2L Q2 = -

Q=0Q1+Q2
Example 5:

A pipe, 40 m long, is connected to a water tank at one end and flows freely in

atmosphere at the other end. The diameter of pipe is 15 cm for first 25 m from

the tank, and then the diameter is suddenly enlarged to 30 cm. Height of water

in the tank is 8 m above the centre of pipe. Darcy’s coefficient is 0.01.
Determine the discharge neglecting minor losses?

Solution 45=0.04

Loss due to friction, hi s = hg + hg,

S m
di=01sm @=03m |

e= 32fLQ?2 f=0.01 25w | iim
I
2
Total losses, hr=Q(32fL;+32fL,)

nzg d15 nzg d25

8= 2Q ((32x0.01) x (25) +(32x0.01) (15) )
© g(0.15)° 7 g(0.3)

~.Q =0.087 m/sec
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Example 6:
Two pipes are connected in parallel between two reservoirs that have

difference in levels of 3.5 m. The length, the diameter, and friction factor (4 f)

are 2400 m, 1.2 m, and 0.026 for the first pipe and 2400 m, 1 m, and 0.019 for

the second pipe. 60
Calculate the total discharge between the two reservoirs?

Solution

HL= 32f1LQ12 = 32fpL Q22

n2 gdy O n2 gdp o
35= 32f1LQ12 = 8x0.026x2400xQ1 2
72 gdp 5 n2x9.81x1.2 9

Q1 = 1.29 m3/sec

35= 32fpL Q22 = 8x0.019x2400xQ) 2
72 gdo 5 n2x9.81 x1

Q2 = 0.96 m3/sec

S Q=Q1+Q2=1.29+0.96 = 2.25 m3/sec
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Example 7:

Two reservoirs have 6 m difference in water levels, and are connected by a
pipe 60 cm diameter and 3000 m long. Then, the pipe branches into two pipes
each 30 cm diameter and 1500 m long. The friction coefficient is 0.01.

Neglecting minor losses, determine the flow rates in the pipe system?

Solution — [ _
Tl
ht=hg + hy L& he | g
6 =hs + he —-83_9 —
6:k1Q12+k2Q22 ?
ki= 32f L1 = 32*0.01*3000 =127.64
12 g d1° 12*9.81*0.6°
ko= 32fpLp = 32*0.01*1500 = 4084.48

n2gdp S 12*9.81*0.39
ko = 32k
5 6=k Q2+ 32k; Q2
he, = his & Ko = Ks o Q2=Qs
Q:=Q2+Q3=2Q
So6=ki Q2+ 8k Q12=9k; Q2= (9*127.64) Q%2 =1148.76 Q,?
2. Q1=0.072md/s

& Q, =0.036 m3/s

Fluid Mechanics, CVE 214 Dr. Alaa El-Hazek
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Example 8:

Two tanks A and B have 70 m difference in water levels, and are connected

by a pipe 0.25 m diameter and 6 km long with 0.002 friction coefficient. The

pipe is tapped at its mid point to leak out 0.04 m®/s flow rate. Minor losses are 62
ignored.

Determine the discharge leaving tank A?
Find the discharge entering tank B?

Solution — hq =
A I
hf= hs + he hp ;5
70 = hy + hg p—
B
70=k; Q2 +kQ 3

ki=k,= 32fL 32*0.002*3000 = 2032.7
n2 g dd 12*9.81*0.255
70 = k]_ Q12 + le 22

Q1=Q,+0Q3=0Q,+0.04
2. 70 =Ky (Q2 + 0.04)% + kg Q72
=k; (Q£ +0.08 Q 0.0016) + k @ 2,
= ki Q# +0.08 kQ +0.0016 k +k Q2 »
=2 ki Q2+ 0.08 k; Q, + 0.0016 k;
= 4065.4 Q7 + 162.6 Q4 3.25
0.0172 = Q2 + 0.04 Q4+ 0.0008

Q2 +0.04Q,-0.0164=0

S.Q2=011 m3/s & Q:=0.15 m3/s

Fluid Mechanics, CVE 214 Dr. Alaa El-Hazek
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Example 9:

A tank transmits 100 L/s of water to the point C where the pressure is

maintained at 1.5 kg/cm?. The first part AB of the pipe line is 50 cm diameter

and 2.5 km long, and the second part BC is 25 cm diameter and 1.5 km long. 63
The friction coefficient is 0.005 and minor losses are ignored.

Assuming level at C is (0.0); find the water level (L) in the tank?

Solution

d

hc =Pc/,=1500/1=1500cm =15m

hc =15 =L — hsag - hac

hias= 321 L1 32*0.005*2500 =1.32
n2 g d19 12*9.81*0.5°

hisc= 32 Lo 32*0.005*1500 =25.38
n2gdp S 12*9.81*0.255

15=1L-1.32-25.38

S.L=417m

Fluid Mechanics, CVE 214 Dr. Alaa El-Hazek
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Example 10:
Three water tanks A, B and C with water surface levels (100.00), (50.00) and

(10.00) m are connected by pipes AJ, BJ and CJ to a common joint J of a
level (45.00) m. The three pipes have the same length, diameter and friction
coefficient.

a) Calculate the head at the joint J?

b) Determine the discharge in each pipe?

Solution

A _ (100.00)

(50.00)

(45.00)

(10.00)

Assume QAJ=QJB +QJC

Applying Bernoulli’s equation between A and J:

HAa =Hj+hfAJ

100+0+0=Hj+hfaJ
100 - Hy = hf AJ= K Q2A]
where, K=32f1/n2gdd

Qa=(100-H)V2) (k)12 (1)

Similarly, applying Bernoulli’s equation between J and B:

Hj=HB +hfJB

Hj-50 =hf )8 = K Q2B

Fluid Mechanics, CVE 214 Dr. Alaa El-Hazek
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QB=(Hy-50)12/ ()12 )

Also, applying Bernoulli’s equation between J and C:

Hy=Hc +hf)C
Hj- 10 = hf )c = K Q23C

Qic=MHy-1012/()12 (3)

Solving equations 1, 2 and 3 by trial and error, we get:

Assumed Hy | Qagx (K2 | 3 x (K12 | Qicx (K)Y2 | (QiB+Qic)x(K)L/2
70 5.48 4.47 7.745 12.216

60 6.325 3.162 7.07 10.233

53 6.855 1.732 6.557 8.289

51 7 1 6.4 7.4

50.5 7.036 0.707 6.364 7.07

50.45 7.039 0.671 6.36 7.031

504 7.043 0.632 6.356 6.988

50 7.071 0 6.324 6.324

From the table:

Hj =50.45 m
QAJ =7.039/ (K)1/2
QJB = 0.671/ (K)1/2

QJC =6.36/ (K)1/2

It has to be noted that if Hj < 50, then the flow will be from B to J.

Fluid Mechanics, CVE 214 Dr. Alaa El-Hazek
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Exercise:

Three water tanks A, B and C are connected to a joint J by three pipes AJ, BJ

and CJ such that the water level in tank A is 40 m higher than tank B and 55

m higher than tank C. Each pipe is 1500 m long, 0.3 m diameter and f = 0.01. 66

Calculate the discharges and directions of flow?

Solution

Taking the water level in the tank C as a datum, the results are:

Hj=18m
QAJ = 0.134 m3/sec
QJB = 0.038 m3/sec

Qjc = 0.094 m3/sec

Fluid Mechanics, CVE 214 Dr. Alaa El-Hazek
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Chapter 8
DIMENSIONAL ANALYSIS
8-1 Dimensional Homogeneity 8-2 Dimensionless Numbers

8-3 Bucking-Ham Theorem or 7 - Theorem

8-1 Dimensional Homogeneity:

Every term in an equation when reduced to the fundamental dimensions (M,
L, T) or (F, L, T) must contain identical powers of each dimension.

For example, H=2Z+ (Ply) + (V2 /2g)
that is to say: L=L+(F/L2)/(F/L3)+(L2/T2)/(LIT2)
S L=L+L+L=L

8-2 Dimensionless Numbers:
Quantities that do not have the fundamental dimensions (M, L, T) or (F, L, T).

For example: 2-1-0-Fn-Rp----- etc.

8-3 Bucking-Ham Theorem or &t - Theorem:

For the dimensional homogeneous equation:
Al =f (A21 A31 ----- ) An)

1- ¢ (A1, A2, - ,An)=0 .. Number of variables = n
2-  Choose 3 repeating variables (m = 3), as follows:

The first represents the geometric properties (L, w, d,---).

The second represents kinematic or fluid properties (y, p, 1, ---).

The third represents dynamic or flow properties (v, a, Q, P,---).

Fluid Mechanics, CVE 214 Dr. Alaa El-Hazek
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It has to be noted that only one variable is chosen from each group of
properties. Dimensionless numbers must not be chosen.

For our discussion, let the three repeating variables are A1, A2 and A3.
68
3- Number of &t - terms = n - m, as follows:
n1 = A13l Apbl A3cl A4-1=MO O TO

12 = A132 Apb2 A3c2 Ag-1 = MO O TO

13 = A133 Apb3 A3C3 Ag-1 = MO LO TO

;T(n-S) = A1a(n-3) Aob(n-3) Azc(n-3) A(n-3)'1 =MOLOTO

4- Determine the values of the powers in each & - term by equating the
powers RHS and LHS.

S- (I) (71'1, T2, ===~ , 7Tn-3) =0
% 1=V (TE21 n3, -, 7Tn-3)

It has to be noted that any = - term can be multiplied by or divided by any
other & - term or any number or any quantity.

Example:
The discharge Q through an orifice depends on the pressure P, the density of

fluid p and the diameter of the orifice d.
Determine a general formula for the discharge?

Fluid Mechanics, CVE 214 Dr. Alaa El-Hazek
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Solution

(Q,P, p,d)=0 .n=4

Choose p (fluid), Q (flow) and d (geometry) as repeating variables. .. m=3
Number of t -terms=m-n=4-3=1
n1=paQbdcp-1=Mm0LO0TO

(M L-3)a (L3 T-1)b (L)e (M L-1 -|--2)'l - MO L0 TO

ma-1 =m0 . a-1=0 a=1
L-3a+3b+c+1 = | O: 32 +30+C+1 =0, (1)
T-b+2 = 70 ; -b+2=0 b=2

In equation (1), -3+6+c+1=0 c=-4

n1=pQ2d4P-1=(p/P)(Q/d2)?2

¢ [(p/P) (Q/d2)2]=0

v [(p/P)2(Q/d2)]=0

(Q/d2)=K/(p/P)L/2 where, K is a constant.
Q=Kd2/(p/P)YH2=Kd2 (P/p)l/2

But, P=pgh Then, Q=K d2 (gh)l/2

Multiplying both sides by (4 x zx 21/2),
Q=Kd2(gh)l2x[(4xnx21/2)/ (4 xnx21/2)]

Fluid Mechanics, CVE 214 Dr. Alaa El-Hazek
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L Q=(32K /) x (nd2/4)x (2gh)l/2
. Q=CdA (2gh)l/2 where, Cq = (23/2K / n)

Exercise:
The pressure grade (dP/dL) in a turbulent flow through pipes is dependent of

the pipe diameter (d), the mean velocity (v), the density (p), the dynamic
viscosity () and the roughness height (k).
Determine a general formula for the pressure grade?

Solution
(dP/dL) = (p v2/ d) * f (Rp , (d/K))

Where, Rhn=pvd/pn

Fluid Mechanics, CVE 214 Dr. Alaa El-Hazek
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Chapter 9
MODEL ANALYSIS
. e S 71
9-1 Model Analysis 9-2 Hydraulic Similarity 9-3 Classification of Models

9-1 Model Analysis:

It is a scientific method to predict the performance of hydraulic structures,
systems and machines. A model is prepared and tested in a laboratory for the
working and behavior of the proposed hydraulic system. The hydraulic
system, for which a model is prepared, is known as prototype.

9-2 Hydraulic Similarity:

For the model analysis, there should be a complete similarity between the
prototype and its model. This similarity is known as hydraulic similarity or
hydraulic similitude. Hydraulic similarity includes three types:

A- Geometric similarity:

The prototype and its model are identical in shape but are different in size.
The ratios of all corresponding linear dimensions are equal.

Scale (linear) ratio Ly =Lm/Lp=dm/dp=ym/yp
Where, L: length, d: diameter and y: depth.

B- Kinematic similarity:

The prototype and its model have identical motions or velocities. The ratios of
the corresponding velocities at corresponding points are equal.

Velocity ratio vy = v, /v, =V, [V, =.............
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C- Dynamic similarity:

The prototype and its model have identical forces. The ratios of the
corresponding forces acting at corresponding points are equal.

Forceratio Fr=F, /F =F, [Fy = ...

Forces can be divided into external forces and internal forces.

External forces include:
1- Pressure force (F =P A).
2- Gravity force (F = m g).

Internal forces include:
1- Inertia force (F = m a).
2- Viscosity force (F=t A= (uVv/L) (L2) = pv L).
3- Surface tension force (F=c L).
4- Elasticity force (F = KA).

In general, the force ratio is constant and equal for the different types of
forces, for a prototype and its model. Actually, some forces may not act or

may be very small (neglected).

The ratio of the inertia force to any other present (predominating) force
provides the known dimensionless numbers, and will be used for solving
problems of model analysis. However, only two forces are going to be

discussed.

1- Gravity force is present:
E.qg. flow through open channels, flow over weirs, and surface waves.

Fim = Fgm
Fip Fgp
Fim = Fip
Fgm Fgp
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pmLm2vm2 = ppLp2 vp2

pm Lm3 gm pp Lp3 gp
Vm2 = Vp2
Lm 9m Lp dp
vm = Vp
(Lm gm)Y/2 (Lp gp)L/2

That is to say that Fm = Fp, where F is Froud number.

vm  (Lp gp)1/2 = 1
Vp  (Lmgm) 112

vm 1 =1

Vp (Lm /Lp)Y/2 (gm /gp)L/2

Vr = 1
(Lrgr) 112

Which is Froud’s law.
If  gr=1, then vr = (Lp)1/2

2- Viscous force is present:

2" Year Civil - 2016

E.qg. flow through pipes, hydraulic measuring devices (flow meters), and

hydraulic machines (pumps and turbines).

Fim = Fvm

F|p va
Fim = Fip
Fvm Fvp
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Fim = pmLm2vm2 = PpmLmVm = pmLmvm = Lmvm
Fym tm Lm vm Hm Pm vm vm
LmVm = Lp Vp 74
vm Lp

That is to say that Rm = Rp , where R is Reynold’s number.

Lm Vm Lp = 1
Lp Vp vm
Lr Vr = 1
Lr

Which is Reynolds's law.

Then, Vr:l)r/ Ly

9-3 Classification of Models:

A- Undistorted Models:
Geometric similarity is the same for both horizontal and vertical linear
dimensions.

B- Distorted Models:

Geometric similarity is different for both horizontal and vertical linear
dimensions. Scale ratios will be Lyh and Lyy . For example, studying a river

basin.
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Example:
A model for a spillway has to be built in a laboratory where the maximum

capacity of the pump is 9 cfs. The prototype has 300 cfs maximum discharge

and 5 ft head on the crest.

1. Determine the scale ratio for the model?

2. Calculate the head on the crest of the model?

3. Find the time in model corresponding to 36 hours in prototype?

4. Determine the loss of power in prototype corresponding to observed 0.05
HP in model?

Solution

(1) Qr=Qm/Qp=9/300=3/100
Qr:Ame/Apr:LmZVm/LpZVp:LrZVr

The case is a spillway, i.e. flow through open channels, so the gravity force is
the present force. Thus, Froud’s law is applied.

Vr - 1
(Lrgr) 112

gr =1, then vy = (L)1/2
Qr = (Ly)/2
Ly = (Qr)2/5=(3/100)2/5=0.25=1/4

(2) Lrth/hp
hmzthLr:5X0.25=1.25ﬁ.

3) Tr=Lr/vr=(Ln/LDY2=(Lpl2=(02512=Tm/Tp
Tm = Tp x Tr =36 x (0.25)1/2 = 18 hours

(4)  Pr=Pm/Pp=(mQmbhm/75)/(yp Qphp/75)
= (yr Qrhy) = (1) (Lr)>/2 (Ly) = (L) 7/2
Pp=Pm/Pr=0.05/(0.25)7/2 = 6.4 HP
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