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Answer all questions. Provide neat sketches wherever necessarv. Assume data wherever required. sowe | oo

1

Explain thres tvpes of similaritiss in model analvsis.

p

Using Buckingham's [1- E:-ram: show that the velocity through a circular orific
i)

isgivenby, v= |2gH§ — ——
H mH |
whara His haad causing flow, p is coefficient viscosity, p is mass density and gis
eravitational acceleration.

il

o] |coif L4

Deriva the condition: for most sconomical trapssodidal saction

o] |coz L3

doa | Baa

An opsn channal iz to be constrocted of trapesoddal saction and with zide slope 1V:1.5H.
Find r=lationship batwesn bottom width snd dapth of flow for min excavation. If flow iz to
ba 1.7Tcomac, calculats the bottom width and depth of flow assuming C=44.5 and bed
slopa =1/4000.

o] |cod L4

Ln

Derive an aguation for the force exartad and wodk done by a jet of water on a fixad curved

plats in the diraction of the jot when the jot strikes at the cantrs of the plata.

o] |cod L4
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SIMILITUDE

It 1s defined as the similarity between the model
and 1ts prototype. It means 1t has similar
properties. There are 3 types of similarities
which must exist between model and prototype.

Geometric Similarity
Kinematic Similarity
Dynamic Similarity



(GEOMETRIC SIMILARITY

When the ratios of the linear dimensions in the
model and prototype are equal, 1t 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, =Areaof model, A, =Areaof prototype

V., = Volume of model,V, =Volume of prototype

For geometricsimilarity,

l: Bp = Hp =

Lm Bm Hm r

| =scaleratio

~or area For volume
i:Lp Bp:LZ Vp:Lp B, Hp:3




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,
1t 1s said have kinematic similarity.

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



In the fluid, let

v, =velocityat pt1in model,v, =wvelocityat pt1in prototype
V,,, =Velocityat pt 2in model,v, =velocityat pt 2in prototype
a,,, =accat ptlinmodel,a, =accat ptlinprototype

a,, =accat pt 2inmodel,a, =accat pt 2in prototype

For kinematic similarity

Vpl . sz _
— — Vr
V V

mai m2

v, Is velocityratio

apl — apz :ar
d a

mai m?2

a. Isacceleraton ratio



DYNAMIC SIMILARITY

When the ratios of the forces acting at the
corresponding points in the model and in the
prototype are same, 1t 1s said have dynamic
similarity.

The direction of the forces should be same.



At a point, let

(R ),, = Inertial forcein model, (F, ), = Inertial forcein prototype
(R, )., = Viscous forcein model, (F, ), = Viscous forcein prototype
(Fg )m = Grawvity forcein model,(Fg )p = Gravity forcein prototype
For dynamic similarity

ﬂ: (Fv)p _ (Fg)p _ F

(FI )m (FV )m (Fg )m r

F. isforceratio




TYPES OF FORCES IN MOVING FLUID

1.Inertial Force,F
It is equal to the product of mass, m and acceleratbon,a and acts
In the oppositedirectionto the directionof acceleraton.

F=m¥*a

Velocity _ p*Vqume
Time Time
Length
Time
= p* Area*Velocity*Velocity

= p*Volume* *Velocity

= p* Area™ *Velocity

= pAV’



2.Viscous Force,F,

It is equal to the product of shear stress,z due to viscosityand
surfacearea of flow, A. Consideredin problemswhere viscosity
IS significant.

F=t*A Newton's law of viscosity, 7 = ,u%
_du
dy



3.Gravity Force,F,

It Is equal to the product of mass, m and acceleraton
due to grawvity, g of the flowing fluid. This forceis consideredin

open channel flow.

F,=m*g

= p*Volume*g

= p* Area* Length*g
= pALg



4. PressurefForce, Fp

It is equal to the product of pressureintensity,p and
crosssectionarea, A of the flowing fluid. It is considered
In pipe flow.

F = p*A



5.Surface tensionforce,F,

It is equal to the product of surfacetension,o and
length of surface of flow, L.

F =c*L
= ol



6.Elasticforce,F,
It is equal to the product of elasticstress,K and
area of flowing fluid, A.

F=K*A
— KA



PROBLEM 2 — BUCKINGHAM’S I THEOREM

Using Buckingham’s II — theorem, show that the
velocity through a circular orifice is given by

i

H ' pVH




D u
V =.2gH * ,
R

1.g=LT?

2.H=L

3.D=L

4.p = (kg/m?® =ML
5.u=ML'T™

6.V =LT™
V=1(9,H,D, 1 p)
i,(V,9,H,D,u,p)=0

There 6 variables and

3 fundamental dimensions
.6—-3=3r-terms

£, (7,7, 773) =0

Re peating variables
H,9,p

m, =H*g" p*V

7, =H%g"p%.D

73 = H*g™ p* i



m, =H*g" p*V

MOLOT® = L (LT ) (ML ®)>.LT

a =-1/2 b,=-1/2 ¢, =0

v

\/g7H Solving fora., b, and c.
In respectiveeqns

_ H'llzg'llzpo.\/ S, =
m, =H%g" p%.D
a,=-1 b,=0 ¢c,=0

1.0 D
7, =H"g pO.D—)ﬂzzﬁ
m,=H*g% p% . u
a,=—3/2 b,=-1/2 c,=-1

T =H_3/29'1/2,0'1.,U—>7Z _ H
3 3 pH 3/2\/6



T, = = applyingprinciplesof 7 —term

T} \/2974( pplyingprincip )
D

ﬂz:ﬁ

T V— H __H I

: T pH?”Z\F pH\/gT—l V. pHV \/gT—| oHV !

Ty = pHLV*ﬂl —> 7wyl T = pHV ——— (applyingprinciplesof 7 —term)
V D u Vv D wu

f ) ) :O —> ] ’

1(1/2gH H pHV) 2gH ¢(H pVH]

V =,/2gH *¢ D, ad Hence proved.
H pVH



MOST ECONOMICAL SECTION — TRAPEZOIDAL
Let

Depth of flow-D b I ol
Bed width - B -
Side slope-1/n
Wettedarea, A= D*(B+nD)

Re writing the above egn(B in termsof
A

_:B+nD—>B=é—nD ..... (1)
D D

Wetted Perimeter-P = B+ 2D+v1+n°.....(2)
Sub (1)in (2)

P=%—nD+2D\/1+ n’

A D,n) "



For mosteconomicalsection,P 1S min

aP

= =0

O[P) A (BE”D)_I_n:Zm

0

—=——-n+2J1+n® =0

C D* (B+nD)+nD = 2D1+n?

—%—n+2\/1+n2 =0 (B+2nD)=2D~1+n’
(B+2nD) 2
§+n=2\/l+n2 > =Dvl+n

Subthe value of A 1.Halt of the to_p W'_dth Isequal to
D*(B+nD) one of the slopingsides

D2

+Nn=2v1+n°




Calculation of R

A A D*(B+nD)

...(3)
P B+2Dv1+n?

D1en? — B+2nD (4)

Sub(4)in (3)
A D*[B+nD) D*(B+nD) D*(B+nD)
P 2(B+2HD)_B+B+2nD_ 2(B+nD)

R =

B+

R =2
2

2.For mosteconomicaltrapezoidal section,the hydraulic radius
IS equal to half of the depth of flow.






Let

o - angle made by the slopingside wrt to x - axis(horizontal axis)
O - centreof the top width

OF - perpendicular line to the sloping side MN

Taking AOFM(right angled triangle)

Sinc :O—F—>OF =OM *sina.....(1)
OM

Taking AMKN (right angled triangle)
Sina _ MK _ b__ . (ii)
MN  D*y1+n?
Sub(it)in (i)
OF =OM *sina
D

D*v1+n°

OF =OM *




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

OF =D*y1+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.




PROBLEM

An open channel 1s 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 1s to be
2.7cumec, calculate the bottom width and depth
of flow assuming C=44.5 and bed slope =1/4000.



et B be the bottomwidth and y be the depth of flow
Most eonomicaltrapezoidal section

1 B2 e )

2.R —2y/2 A=y(B+ny)
n=15 2.7 = y(0.605y +1.5y)*44.5*\/;’*401OO
PO _ w1118 9 7x00%42
a5 - 2108y

B+3y=y*2%1+1.52
B = 0.605 27220420 _ . y2*Jy =y =

I 445%2.105
Q=2.7m"/s 2/5

2.7%20%~/20

C =445 yz[ - f] —1.46m
L1000 44.5%2.105

B = 0.605y = 0.605*1.46 = 0.885m
Q=A*C*+RS Y



FORCE EXERTED BY THE JET ON STATIONARY
CURVED PLATE AT THE CENTRE

Force 1in the horizontal direction( in the direction
ijet, £Y il'xinll

PN

FX — (m / At) %, (le — V2X) Veos
FX — pav* (V . (_VCOSQ)) \wk

Stationary
curved plate

Fx=pav’(l+cosd) ———i e ,_,_._ .-

« \‘ Tangent o the curved
|)]dl at outlet tip

Force 1in the vertical dlrectlon

Fy = (m/At) (Vly —V2y)
Fy — pav* (O —VS | n 0) Fig. 1.3. Fluid jet striking a stationary curved plate.

Fy=—pav’sing

Angle of deflection = (180° — 0)



