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Introduction

PART A�GENERAL
1.1 Fluid Properties

Table 1. Mass density, ρ, specific weight, γ, kinematic viscosity, ν, of some common fluids
at 20°C and atmospheric pressure.

Fluid Mass Density Specific Weight, γ Kinematic Vis-
cosity ν

S.I. Unit 
kg/m3

M.K.S. Unit 
msl/m3

S .I. Unit 
kgf/mm2

M.K.S. Unit
kgf/m3

S.I. and M.K.S.
Units m2/s

Water 1000 101.8 9810.0 1000 1.0 × 10−6

Air 1.236 0.126 11.85 1.208 1.5 × 10−6

Alcohol 789 80.4 7738.0 789 1.5 × 10−5

Glycerine 1268 129.23 12356.0 1260 6.3 × 10−4

Mercury 13533 1380.0 132880.0 13550 1.16 × 10−7

Carbon Tetra
Chloride

1594 162.5 15632.0 1594 6.04 × 10−7

Table 2. Mass Density of Air, kinematic vicosity of air and water at different temperatures.

Temperature oC Mass Density of Air Kinematic Viscosity of

 1
M.K.S. Unit msl/m3

(2)
S.I. Unit kg/m3

(3)
Air (ν × 10−6) m2/s

(4) 
 Water

(ν × 10−7) m2/s
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12 0.1265 1.241 14.34 12.48
13 0.1261 1.237 14.45 12.10
14 0.1258 1.234 14.54 11.78
15 0.1250 1.226 14.64 11.44
16 0.1245 1.221 14.74 11.17
17 0.1241 1.217 14.84 10.89
18 0.1238 1.214 14.93 10.60
19 0.1234 1.211 15.02 10.30
20 0.1230 1.207 15.11 10.05
21 0.1225 1.202 15.21 9.80
22 0.1220 1.197 15.30 9.58







(a) Prismatic Channels. These are artificial channels made by man and have uniform
geometric characteristics. Free surface flow hydraulic theories can be applied to these channel.
These prismatic channels can be further classified as: (i) Exponential channels, i.e. the
prismatic channels having their cross-sectional area directly proportional to any power of flow
depth. Rectangular triangular and parabolic channels fall under this category. (ii)  Non-ex-
ponential channel are prismatic channels other than exponential ones.

(b) Non-prismatic Channels. Such channels whose cross-sectional area and bed slope are
not uniform along their length are known as non-prismatic channels.

Table 1.4. Open Channels Flow and Pipe Flow�A Comparison

Channel Flow 
(1)

Pipe Flow
(2)

1. V.T. CHOW defines an open channel as a conduit in
which water flows with a free surface.

1. A pipe flow does not have a free surface; it flows full.

2. The flow in open channels is caused by the gravity
force due its sloping bottom, i.e. pressure at a point at a
depth y below the free surface will be γy.

2. The flow through a pipe takes place under hydraulic
pressure, i.e. pressure decreases in the direction of flow.

3. Piezometric head in open channel flow is Z + y.
3. Piezometric head in pipe flow is Z + p/r

p/y − γ
P/r

4. The geometry of the conduit defines fully the cross-
section of flow.

  Fig. 1.1 (a)

4. The determination of flow cross-section is subject to
prediction and approximation.

   Fig. 1.1 (b)
(i) Maximum velocity occurs at a point little below the
water surface.

(i)  Velocity distribution is symmetrical about the pipe
axis.

(ii) If the channel bed is mobile the velocity at the bot-
tom of the channel will not be zero.

(ii) Maximum velocity occurs at the pipe axis.

(iii) At the walls there is zero velocity.

Classification of Flow Through Open Channels
Ven Te Chow�s classification based on variation with respect to time and space is

illustrated diagrammetically as follows:
Another classification of flow exists based on the spread of a minor disturbance in the flow,

i.e.
(i) Tranquil or sub-critical flow. A flow is said to be tranquil or sub-critical as to when a

minor disturbance can spread upstream from the point of origin.
(ii) Super critical or shooting or rapid flow. In this flow the disturbance is swept down

stream owing to the high velocity of flow.
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Various Formulae Giving Velocity of Flow Through Open Channels
Noteworthy formulae are as follows:

(i) Chezy�s formula or equation V = C√RS
where R = A/P is the hydraulic redius.

S =  channel slope
and C =  Chezy�s constant.
Value of C Chezy�s constant have been given as

(a) C = 157.6

1.81 + m
√R

where m is the co-efficient of roughness, dependent on the bed material.

Table 1.5 Values of m in the Bazin�s Formula

S. No. Type of bed surface of channel Value of m
1 Rough earthen surface 3.17
2 Ordinary surface made of earth 2.35
3 Very good surface made of earth 1.54
4 Rubble stone or poor brick work 0.83
5 Unplaned wood, brickwork or stone 0.21
6 Planed wood or smooth cement plaster 0.11

(b)  Powell Formula. For rough boundaries and turbulent flow values of Chezy�s constant
C was proposed by Powell as

C = 42 log 
Re

ε
where ε is the measure of roughness and Re is the Reynolds Number whereas for smooth

channels and high values of Reynolds Number, he proposed

C = 42 log 
4Re
C

(c) Ganguillet and Kutter�s Formula. Here value of Chezy�s constant C has been
proposed as

C =
23 + 1

n
+ 0.00155
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1 + 

23 + 0.001555

s




n
√R

where n is a measure of bed roughness and is known as Kutter�s n and R is the hydraulic
radius in metres.

(2) Manning has also proposed the following formula for flow velocity in open channels: 

viz. V = 1
n

R2/3 S1/2

where V = mean velocity of flow in m/sec.
R = hydraulic radius in metres
n = co-efficient of roughness also known as co-efficient of rugosity or Manning�s n.
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The following table after V.T. Chow gives the values of n for different types of channels
encountered in engineering practice.

Table 1.6. Value of n for different channels.

S. No.
(1)

Type of bed surface of channel
(2)

n
(3)

1 Major streams 0.025 to 0.050
2 Stream through trees with flood stage reaching branches 0.120
3 Stream through tree stumps 0.040
4 Stream through dense willows 0.150
5 Mountain streams with large boulders 0.050
6 Mountain streams with gravels and cobbles 0.040
7 Minor streams with stones and weeds 0.035
8 Minor streams, clean, straight 0.030
9 Channels with dense brush high stage 0.010

10 Channels with dense weeds, high as flow depth 0.080
11 Channels of rack cuts 0.040
12 Channel with cobble bottom and clean sides 0.040
13 Channel with stony bottom and weedy banks 0.035
14 Earthen channels with some weeds 0.030
15 Earthen channels, clean and straight 0.022
16 Rubble masonry, cemented 0.025
17 Brickwork lined with cement mortar 0.015
18 Drainage tiles 0.013
19 Concrete culverts 0.013
20 Glass 0.010
21 Corrugated metal 0.024
22 Coated cast Iron 0.014

Chezy�s constant C and Manning�s n are correlated as

C = 1
n

R1/6

Further it would be worth mentioning that by hydrodynamically rough boundaries
Manning�s n has been related to the material forming the channel bed as

n =
d501/6

21
where d50 is in metres and represents a size such that 50% of the bed material is finer than
d50.

(3) The Pavlovsky Formula is as follws:

V = Rv

n
√RS

where y = 2.5 √n − 0.13 − 0.75 √R (√n − 0.10)
The formula is valid for values of R from 0.1 to 3.0 m and for n between 0.011 and 0.040

Pavlovsky simplified the calculation of y as follows.
y = 1.5 √n  for R < 1.0 m
y = 1.3 √n  for R>1.0 m.
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