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Internal Assessment Test 1 — July 2022
sub: | Applied Hydraulics Sub Code: 18CV43 ' Branch: | CV
Date: | 09.07.2022 | Duration: | 90 mins M;\:Il?; 50 | Sem/Sec: v OBE
Answer all guestions. Provide neat sketches wherever necessary. Assume data wherever required. MARKS |co |RBT
1 |Explain three types of similarities in model analysis. [10] |cO1 L2
Using Buckingham's IT - theorem, show that the velocity through a circular orifice
isgiven by, v=,2gH¢ b u
H pvH [10] |COY L4
where H is head causing flow, p is coefficient viscosity, p is mass density and g is
gravitational acceleration.
3 |Derive the conditions for most economical trapezoidal section [10] |cOZ L3
4 |An open channel is to be constructed of trapezoidal section and with side slope 1V:1.5H.
Find relationship between bottom width and depth of flow for min excavation. If flow is to [10] |co? L4
be 2.7cumec, calculate the bottom width and depth of flow assuming C=44.5 and bed
slope =1/4000.
5 |A circular open channel laid to a gradient of 1 in 9000 carries a discharge of 0.4m3/s. If
the depth of flow is 1.25 times the radius of channel, find the diameter of the channel. [10] |COZ L4
Assume Manning's N or rugosity coefficient for channel as 0.015.
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Solutions

1
SIMILITUDE

It 1s defined as the similarity between the model
and 1its prototype. It means i1t has similar
properties. There are 3 types of similarities
which must exist between model and prototype.
Geometric Similarity
Kinematic Similarity

Dynamic Similarity

(xEOMETRIC SIMILARITY

When the ratios of the linear dimensions in the
model and prototype are equal, it 1s said to be
geometrically similar.

Let
L =Length of model, L, =Length of prototype

B, =Breadth of model, B, =Breadth of prototype
H_ =Height of model. H, = Height of prototype
A, =Area of model, A, =Area of prototype

V, = Volume of model, v, = Volume of prototype

For geometric similarity,

LP _ Bp _ Hp 7

Lm Bm Hm ’

L, =scale ratio

Forarea For volume

Ap :Lp*Bp g2 Vp :LP*BP*HP 7’
Am Lﬂl Bﬂl ’ Vﬂl Lﬂl Bﬂl Hﬂﬂ ’

KINEMATIC SIMILARITY

When the ratios of the velocity and acceleration
at the corresponding points in the model and
corresponding points in the prototype are same,
it is said have kinematic similarity.

The direction of the vector quantities (velocity
and acceleration) should be same.



In the fluid, let

v_. =velocity at pt 11n model, v, = velocity at pt 1in prototype
Vo, = Velocity at pt 2in model, v, =velocity at pt 2 in prototype
a,, =acc at pt 1in model, a , =acc at pt Lin prototype

a,, =accatpt 2in model, a, =acc at pt 2in prototype

For kinematic similarity

v v
3] = -~ =V

r

v, is velocity ratio

a a,

B o__ P _
—_— = = a}-
aml am:
a, is acceleration ratio

DYNAMIC SIMILARITY

When the ratios of the forces acting at the
corresponding points in the model and in the
prototype are same, it is said have dynamic
similarity.
The direction of the forces should be same.
At a point, let
(F, ),, =Inertial force in model, (E, ),
F'l-

- ). =Inertial force in prototype
()
(Fa )m = Gravity force in model, (Fﬂ )p = Gravity force in prototype

(Fv ), = Viscous force in model, = Viscous force in prototype

For dynamic similarity
(P: )p _ (FL )p _ (FS )p
E). (E),

F, is force ratio

=F

F),




There 6 variables and
V=,2¢gH* gﬁ —,— : .
H’ VH 3 fundamental dimensions

lL.e=LT" S 6—3=3r1-terms
2.H=L Sz, 7y, ) =0
3.D=L Repeating variables
4.p=(kg/m’)=ML" H.gp
Su=MLT m =H"g"p" ¥
6V=LT" 7y, =H"g"p".D
V=f(g.H,D,up) m =H"g"p>.u
SiV.g.H,D,u,p)=0

m =H"g"paV

ML T =1 (LT H (ML .LT™

a,=-1/2 b, =-1/2 ¢, =0

al al V

oyl A2 0 _
“HTe Vo m = [eH Solving fora;, b, and c,

2 by e in respective eqns
7, =H"g"p“D P 4

a=-1 b,=0 ¢c,=0

Sle

T, :H'lgDpO.D =T, =

7y =H"g" p% u
a;,=—3/2 b;=-1/2 ¢;=-1
I

m=H"g"p pom=—"1iom—
pH g

f(z,, 7y, ) =0

\Y \Y

(applyingprinciplesof z —term)

D

ﬂ.zzﬁ
3T pHS/Z\/— pH\/g_H V. pHV ,/gH S pHV !
7z3:pHLV*ﬂl—>7z3/7r1=pl_|—v(applyingprinciplesofﬂ—term)
fl( V ’2' /1 )=0 N V =¢ B,L

J2gH "H ' pHV J2gH H' pVH
V=,2gH* Hence proved.

J ¢(H VH) P



Let
Depth of flow-D T
Bed width - B

Side slope-1/n

Wettedarea, A= D*(B+nD)
Re writing the above egn(Bin termsof A, D, n)

A _BimD>B=2_nD..(1)
D D

WettedPerimeter-P =B+ 2Dv1+n?.....(2)
Sub (1)in (2) \ /

P:%—nD+2D\/l+n2

For mosteconomicalsection,P is min

ap_

dD

d—P=—A2—n+2\/1+n2 =0
dD D

—%—n+2\/l+n2 =0
A o
§+n:2 1+n

Subthe value of A

%H]D) n=2+v1+n?
(BEnD)+n:2\/1+n2

(B+nD)+nD =2D+1+n’
(B+2nD)=2Dv1+n?

B +22”D) DV1+n?

1.Half of the top width is equal to one of the slopingsides
Calculation of R

R A_ _D*(B+nD) 0

P B+2D+1+n?

DV1+n? = B+22”D (4

Sub(4)in (3)
A_ D*(B+nD) _D*(B+nD)_D*(B+nD)

R= -
P B+2nD, B+B+2nD 2(B+nD)
B+2(> )
r-2
2

2. For mosteconomicaltrapezoidal section,the hydraulic radius
is eqgual to half of the depth of flow.



Let
a - angle made by the sloping side wrt to x - axis(horizontal axis)
O - centreof the top width

OF - perpendicular line to the sloping side MN

Taking AOFM(right angled triangle)

sinar = 27 5 OF —OM *sina...(i)
OM

Taking AMKN (right angled triangle)
. MK D .
sina = = (i)
MN  D*{1+n?
Sub (ii)in (i)
OF =OM *sina
D

D*+y1+n’

OF =OM *

SubOM = half of Top width, T = D*\/m( firstcondition)
_D* 2 % D _

OF = D*\1+n* ="

3.Thus fora mosteconomicaltrapezoidal section,a semi-circle

with centre O(centreof top width) and radius equal to the

depth of flow, D will be tangential to the threesides

of the mosteconomicaltrapezoidal section.

Let B be the bottomwidth and y be the depth of flow
Mosteonomicaltrapezoidal section

B+2ny . )
1. ;- y*v1+nz..(2) A=y(B+ny)
2.R=yl2 \/ﬁ
2.7=y(0.605y +1.5y)*44.5* |L*_—_
n=15 V(0.605y+1.5y) 2 4000
* * *
B+22 L5 _ e 1115 2.7 4i05 V2 _ 2108y fy
B+3y = y*2*y1+1.5% m: yz*\/yz Y@ _ ysi2
B =0.605y 44.5%2.105
— 3 * * 2/5
Q=27m"/s _[2.7*20*y20 L a6m
C =445 44.5%2.105
S =1/4000 B = 0.605y = 0.605*1.46 = 0.885m

Q=A*C*RS



S =1/9000
Q=0.4m3/s
y=1.25r =0.625D
N =0.015

Calculation of @
OC=CD-0D
=(0.625-0.5)D=0.125D

CoSc = 0.125D —>a=7552°
0.5D

6 =180°—75.52° =104.48°
6in radians =104.48°/180°* 7(3.14) = 1.824

A D?*(20-sin20)

8
Ao D?*(2*1.824—sin2*104.48)
8
A=0.5165D°
P=20*D/2=1.824*D =1.824D
_A_05165D° _ 0.283D
P 1.824D

Q — A*%* R2/3sl/2

0.4=0.5165D? *L*0.2832’3(1/9000)1’2
0.015

D=1.4219m



