MTH642 Current Papers
Subjective
by MAT'HEMATICZ

Q:1 Define non-dimensional variable? Give an example of non-dimensional
variable?

Answer:

Non-dimensional (or dimensionless) variables are defined asfquantities that
change or vary in the problem, but have no dimensions.

Example is angle of rotation, measured in degrees or radians,which are
dimensionless units.

Q: 2 write the differential form of Newton‘Second.law of motion in terms of
linear momentum. What does this expression states?

Answer:

Newton’s second law states that the acceleration of a body is proportional to the
net force acting on it and isdnversely proportional to its mass, and that the rate of
change of the momentufn of'atbodyis equal to the net force acting on the body.

Newton’s second law: F=ma
=m dv / dt
=d (mv)/dt

Newton.secand law is also decision as “time rate of change of liner momentum”.

nP =, -
Q: 3 Expand a—f + V-(,OV) =0 into the Cartesian coordinates where V= (u, v, w).

Answer:

Page|




As we know that rate f change of mass within CV

Rate of change of mass within CV:

Net mass flow rate out of CV:
) dlpr) d )

z m = (pu e (pu) d_X) dy dz + (pv + (pz) -y>dx dz + (pw + (_(p_W) %> dxay
X 2 ay 2 gz 2

right face lop face front face

out

2

Q:4 Write the continuity equation for compressible flow in-cylinderical
coordinates.

Answer:

In cylindrical coordinates:
14(rpu,) o ﬂ(pt}u) i Ipuy),
i or r o6 Jz

0

2

Q: 5 The equation of motion % = ~g. discharging the derivation z of an object

1
falling by gravity through aresultina z =7, + Wt 5 gt® after integrating and

applying the initial condition. Find the non dimensional form of the given resulit.

a )

Answer:

Equation of motion:
d4z
dt?

Dimensionabresult:

1 2
z=zo+w0t—§gt

Primary dimensions of all parameters:
@Z={) U= {Z={1) MW=L {g={U*
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Non-dimensionalized variables:

z Wt
¢ = g t* = Z
dz  d¥z,z*) widZ* wg d2z*
A2 Aty zmdrz. 9 T gpdr?
Froude number:
Fr= J
V gz,
Nondimensionalized equation of motion:
dzr 1
dt*2 ~  Fr?
Non-dimensional result:
* * 1 *2
zZr =1+t — ﬁt

Q: 6 Water is flowing from a house attaches to a water mainyA child place his
thumb to corner most of house outlet, causing a thinjet of high-speed water to
emerge attaining the water height will be maximum under the stated
assumption. Height of 20m if the house is held upward, what could be pressure
gage in the water main?

Answer: [[[1/111TTTTTTTTTTTTTHAEEETTEEETTTTTTT

Q:7 Expand the material derivative%.

N

2

Answer:

We expand Z—?+§.(p\7) =0

= We expand aboveequation by using the product rule on the
divefgence term,

d - — Jd - 2 = =
a_'?+v.(pv)=a—T+V-Vp+pV'V=0

L
Material derivative of p

Q:8 What is the Equation of law of conservation of mass .state the law.
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Answer:

Conservation of mass for a CV:
dJ [ »
0= [ A T J pV - i dA
C

“CV at Cs

ap

— dV = m — m
Jov (”t % ;

= The netrate of change of mass within the control volume is equalto the
rate at which mass flows into the control volume minus the'rate at'which
mass flows out of the control volume.

Queston: 9

Consider the velocity f_ipld of Example 4-5—an _gnsteady, two-dimensional
veloci_t)y field given by V = (u, v) = (0.5 + 0.8x)i_ + [1.5 + 2'5 sin (wf) —
0.8yl; , where angular frequency o is equal to 27 radfex{a physical frequency

of 1 Hz). Verify that this flow field can be apgroximated as incompressible.

Answer:
SOLUTION We are to verify that a given ‘velocity field is incompressible.
Assumptions 1 The flow is two-dimensional, implying no z-component of
velocity and no variation of v of T"With z
Analysis The components of A@locity ih the x- and y-directions, respectively,
are

= 0.5 #4,0.8X and v =15+ 2.5sin (wt) — 0.8y

If the flow is incopipressible, Eq. 9-16 must apply. More specifically, in
Cartesian coordinates EqQ.9-17 must apply. Let’'s check:

Ny A
— — S

0.8 -0.8 0since 2-D

. v W _ o, 08-08=0

So we see thatithe incompressible continuity equation is indeed satisfied at
any 1Qstant In trme, and this flow field may be approximated as incompressible.

Discussign Although there is an unsteady term in v, it has no y-derivative
and drops’out of the continuity equation.
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Question: 10 Write the formulas of Cartesian and cylindrical coordinates in
steady compressible flow.

Answer:
Special Case 1: Steady Compressible Flow

V-(pV)=0
In Cartesian coordinates:

d(pu) % d(pv) i a(pw) 0

oX ay 0z
In cylindrical coordinates:
1 a(rpu 1 d(pu d(pu
_((’/ r)+_(({)¢f)+ (f’ z)=0
r ar r de 0z

Question: 11 State the angular momentum equation. Write its expression about

x-axis and y-axis.

Answer:

“Rate of change of angular Momentum”

Angular momentum equation:;

& W/ A8 d(lw) dH
M=) o= ot
M. = | do, dH,
S dt - dt
doy dHy
About y-aXis My:IyT:T

Question®12 what is Rotational motion and Quantities.

Answer:
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= Rotational motion: a motion during which all points in the body move
in circles about the axis of rotation.

= Rotational motion is described with angular quantities such as the
angular distance 6, angular velocity w, and angular acceleration a.

de d(/r) 1d Vv o do d% 1dv a,

=== ————=— a=E—=—m === —

dt dt rdt r dt dt? rdt r
V=rw and a; = la

Question: 13  Condition of model and a prototype.

Answer:

= The principle of similarity: There are three necesSary ¢enditions for
complete similarity between a model and a prototype
= The first condition is geometric similarity—the model must be the
same shape as the prototype, but may be scaled by some constant scale
factor.
= The second condition is kinematic sifmilarity, which means that the
velocity at any pointin the model flow must be proportional (by a constant
scale factor) to the velocity at the gerresponding point in the prototype
flow.
= The third and most restrictive similarity condition is that of dynamic
similarity. Dynamic similarity is achieved when all forces in the model
flow scale by a constant factor to cofresponding forces in the prototype
flow (force-scale equivalence).

N

Question: 14 write the expression for conservation of mass relation for a
control volume. What does the expression satisfies?

Answer:
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= (Conservation of mass for a CV:

(J,O | S
0=| = dv+ | pV-iidA
Joy N ‘cs
" P gv=Sm- S
Jcv ":jt in out

* The netrate of change of mass within the control volume is equal to the
rate at which mass flows into the control volume minus the rate at which |

¥
mass flows out of the control volume. |

Question: 15 what is the difference between a dimension and.a unit.

Answer: A dimension is a measure of a physical quantity (without numerical
values).

& A unitis a way to assign a number to that dimension.

& There are seven primary dimensions (also called fundamental or basic

dimensions): Mass, Length, Time, Temperature, Electric current, Amount of
Light, and Amount of Matter.

Question: 16 what is Buckingham Pi Theorem.

Answer:

» Step 1: List all the dimenSional parameters involved

* Letn be the numbep©f parameters

» Example: For drag omn a sphere, F,V,D,p,pandn=>5

» Step 2: Select a set of fundamental (primary) dimensions
* For examplexM (kg) L (m) t (sec)

* Example: Foridragien-a sphere choose MLt

» Step 3¢ List the dimensions of all parameters in terms of primary
dimensions
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Step 4:

e Select a set of r dimensional parameters that includes all the primary
dimensions.

e Example: For drag on a sphere (m =r = 3) select p, V,D
Step 5:

e Set up dimensionless groups TT°
e There will be n - m equations
e Example: For drag on a sphere

Step 6:

e Check to see that each group obtained is dimensionléss
e Example: For drag on a sphere

Question: 17  what is the general form of lineammomentum equation for the
fixed, moving or deforming control volume.

Answer:
=2 d [ : | =
General: S rn) o oA ] oV (V. - 1Y) dA
- CNEC Yo [ o
Fixed CV: A _EJ pVdv+ | pV(V - i) dA
Question:18

Two velocity campofents of a steady, incompressible, three-dimensional flow
field aré kpowny, namely, v = ax? + by? + cz? and w = axz + byz?, where
a, b, and\c'are Constants. The y velocity component is missing (Fig. 9-14).
Generate,an expression for v as a function of x, y, and z

Answer:
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SOLUTION We are to find the y-component of velocity, v, using given
expressions for v and w.

Assumptions 1 The flow is steady. 2 The flow is incompressible.

Analysis Since the flow is steady and incompressible, and since we are
working in Cartesian coordinates, we apply Eq. 9-17 to the flow field,

Condition for incompressibility:

av Ju Jw dv
—=——_= — = —3ax — 2byz 4
ay ox oz ay

zéx ax tvl,z f
Next we integrate with respect to y. Since the integration is a part/al lntegra-
tion, we add some arbitrary function of x and z instead ofa slmple constam

of integration. /
Solution: v = —3axy — byzz + f(X‘l’ //
Discussion Any function of x and z yields a v that satisfies/the iIncompress-

ible continuity equation, since there are no deriVatives of v wuth respect to x
or z in the continuity equation.

Question: 19

ConSIder a steady velocity field/given by V = (u, v, w) = alx?y + y2)l_)
+ bxy? ; + cxk where a, bgand ¢ are constants Under what conditions is

y
y

this flow field incompressiple?

Answer: N

SOLUTION We dre tohdetermine a relationship between constants a, b, and
c that ensures incompressibility.

Assumptions 1"The,flow is steady. 2 The flow is incompressible (under cer-
tain congtraints,to bé determined).
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Analysis We apply Eq. 9-17 to the given velocity field,
au v oW
ax ay gz

2axy 2bxy 0

0 > 2axy + 2bxy = 0

Thus to guarantee incompressibility, constants a and b must be equal in
magnitude but opposite in sign.

Condition for incompressibility: a=-b

Discussion |f a were not equal to —b, this might still be a valid flow field,
but density would have to vary with location in the flow field. In pther words;

the flow would be compressible, and Eq. 9-14 would need tg be satisfied in
place of Eq. 9-17/.

Question:20

The radial velocity component in an incompressible, two
dimensional flow field (,, = )is

v, =2r+ 37 sin0
Determine the corresponding tangerftifibwelocity component, v,
required to satisfy conservation®[ mass.

Answer:

The continuity equatigifor igompressible steady flow in
cylindrical coordingt@s is given By

X2 [T
F TR ree I

Since \v3 20,

Question: 21 Derive Navier-stoks equation for incompressible ?

Answer:
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Viscous stress tensor for an incompressible Newtonian fluid with constant

properties:
Tij = 2JE i,
5 au u ou  ow
Hax  May " ax) Moz 7 ax
y 7 T 7
il Bl dv . au v v aw
T — 1 T T 7 — SR i TEEE Caxn R
. nw e Mlox " ay Pay Moz oy
T T ()
i e ow  du ow v 9y, W
Pax “az) M\ ez @
au ((fu 3 r'n-) (hu , ow)
o =+ =
dax ay dax dz axX
-P 0 0
dv au dv a  JIwW
ay= 0 =P 0 1% ety oy ety
( 0 O (
¢ 0 -P
aw adu aw + dy 2 dW
Moax " az) Moy ™ B { oz

Now we substitute Eq into the three Cartesian components of Cauchy’s equation.

Let’s consider the x-component first

@_ f_l_ +2 azu_}. d @_'_ﬂ_u + i H_W_I_a_u
Pbi ax  PIT gy Tk ay\ox ay) Moz \ox a2
\ -
After some clever rearrangement of the viscous terms in Eq. ¢
Du A4 (0'u oou dov du 90w azu]
)— = ) pr— e . a— — e m— —
bt M " Hlax2 T axax T ox ay ay? axoz oz’
o B, . [0 (u_ ov ow) o du azu]
ax P Hlax \ox ay az) ax? oay? oz
Du_ 4P
—_— = - 4 1 TEU
PO o T P% T |
Page|
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Dv aP

= -4 o 2 ]
P Dt ay P9y y.T L
Dw aP
— — o e \—_.zw
P Dt oz P T K

Incompressible Navier-Stokes equation:

DV : ot
) - ) ) T _“_
P b VP + pg +
Du aP
—=—-—+ + uVa
P Dt X PO T
Dv dP ; 72
— = —— .+ v
P ay pg, + 1
Dw aP
P Dt' - YA P9 nvw

Question: 22  Define Normalized Equation.

Answer: Normalized equation: if thesnon=dimensional terms in the equation are

of order unity, the equation is calléd normalized.

Question: 23 what is incompressible flow of continuity equation in Cartesian

coordinates, cylindrical coordinates?
A\

—

Answer:

Special Case 2: Incompressible’Flow
V- W= 0(16) Since
Incompressible continuity equation in Cartesian coordinates:
ou ov Jdw
— ¢

X J y 0z

dplat = 0

Incompressible continuity equation in cylindrical coordinates:

10(ru) 10y a(uy)
rar r a0 oz

12
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Question: 24 consider a steady velocity field given by

—

V =(u,v,w)=a(x’y+y®)i +bxy’j+cxk (a, b, c) are constant. What condition is

this field is incompressible?

Answer:

ou

u v oow_, oW
Formula: oy o

OX
2axy + 2bxy =0
2xy(a+b)=0
a+b=0
a=-b condition for incompressibility.

Question:25 Consider a Two dimensional incompressible flow in cylindrical

k

coordinates velocity is Uy = F u is constant. Generate expression for other

velocity component!, .

Answer:

Incompressible continuit} equatien in cylindrical coordinates:

yotw) 10,) o) o

rar F of R Vi
ou, 0
0z
1] afeu,) \ ouy |
ry or ol
o(ru,) _ oy, R
p» Y

Page|
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u,isnota function,so (1) reduce to

o(ru,)
or
ru, = f (6,t)

_ f(6,t)

=0

u

r

Question: 26 Two Dimensional velocity V= (u, v) = (0.5+0.8x)i+[1.5+2.5Sinwt-
0.8y]j Verify by incompressible?

Answer:
U=0.5+0.8x
V=1.5+2.5 Sinw(t)-0.8y

Formula for incompressible flow

ou av dW

— — ] =0
aX f'ﬂ_y 0z [ @ =0 ]
0z
0.8-0.8=0 ¢
0=0

Question: 27 “wFind a missing velocity component incompressible three
dimensional flow where u = ax® +by?® +cz?, w= axz +byz’the y velocity

component is\missing?

Answer:

d u d v c W

— 4
ax () y az

=0
We know that incompressible formula:

Page|
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0 2 2 2 o 0 2
—(ax“ +by“+cz° )+ —+—(axz+byz°)=0
x( y ) OX 62< y )
2ax+2b@+2cz+az+2bz:0

Combine like term
2ax+2b+2cz+az+2bz=0
Isolate themissin g yVelocity component (v):

@:—Zb—az—sz
oy

So,themissin g y componentis givenby :
v=—2ax—2by’z+ f (x,z)

Question: 28  Variety that each additive term in the Bernoulli’s equation have
same dimension? What is the dimension of C in Bernoulli equation?

Answer: we know that Bernoulli’s equation.is
1 2
Bt EpV + pgz =46

Force Length, 1 } {m}

= P = = = —_—

{R) = (Eressure) {Area} {Mass Time’l ength? L
{1 V2} B { Mass (Length)z} . {Mass X LengthQ} _ {m}
2% [~ \Volume \ Tirfow. /7~ Wength® x TimeZ ~ L

N
Mass Leagth } {Mass % Lengthz} {m}
- Length /= S Sl
(a2 {Volume Fimeay 0 Length® X Time? L

From th homogeneity.the constant have same dimension

\ m
so, 45 L

Question:29  State Divergence theorem.

Answer:
Page|
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The quickest and most straightforward way to derive the differential form of
conservation of mass is to apply the divergence theorem. The divergence
theorem is also called Gauss’s theorem, named after the German mathematician

Johann Carl Friedrich Gauss

Divergence theorem: [ V-Gdv= %; G- RdA
Jy

" A

Question: 30 Prove that v=r® at=ra.

Answer:
As we know that
w=9€ T@zl
dt r
|
B (rj _1dl
dt r dt
i
w=— =SV=rw
r

b) As we know that

dw
oa=—
dt
d dé@ d2e
oa=—— = >
dt dt dt

dZ(IJ 1d(dlj
a=—|- > d=——| —
dt“\r r dt\ dr

Question: 31 Write formulas of Froude number?

16
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Answer:

V

Froude Number Fr=

gL
7,
Reynolds Number Re = pVL = Vi
Also asked for: ",

Mach Number M = v
C
2

Weber Number we = PV L
o
A

Euler Number Eu =~ P,,

ZPV”

Cavitation Number Cq=2—%2

Question: 32 The velocity component in along x-axis of a steady

incompressible two dimensional flow is u = 2.5y +0.9x*¢émponent v is missing

generate expression for v as a function of x.

Answer:

As given that u=25y+0.9%*

We have to find expressionffor component v: As flow field incompressible; we

know that if flow field is'steady,incompressible then

ou v ow aw

—t—t—= Vo=

ox oy oz oz

a_u+@:() , @=—a—u .............. (l)
ox oy oy X
u=2.5y+0.9x%

ou

&:0+2(0.9)x :Z—i:lﬁx put in(1)
@—1.8x

Integrate w.rt'y'
v=-18xy+ f(x)
where f (x)is constant of integration.

17
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Question: 33- Angular momentum for inlet and outlet for steady expression?

Answer:
Steady flow:

S -

(F % V)p(V, - i) dA

“CS

* An approximate form of the angular momentum equation in terms gf
average properties at inlets and outlets becomes:

d .
\M d‘ (r»\fpdv Zr<mV—ZrAmU

Yewy

Steady flow E z £ X MV — Y‘ r X MV

M ‘S_} rmv — 2 rmv
ou I
Scalar angular form of angular momentum equation:
SM= DrmV- >

Question:34 Show that the fraud numbers is'a:non dimensional parameter

. . WO
where Froude number is given Fr=

9z,

Answer: N\

* Primary dimensigns ofall parameters:

{z} = {L} {i} = {1} {z,} = {L} {wy} = {L/t) {g} = (Lt}
= Non-dimensionalized variables:

il v
Ly Zy
3 d2 * 2 42.% 2 2%
d’z (zoz*) wjd% wg d?z

— — ] — = —1
dt? d(zet*iwg)?  zo di*? J - gz, di*?
* Froude number:

W y
Fr '

V gz,

* The Froude number also appears as a non-dimensional parameter in
free surface flow.
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Question:35 CONTINUITY AND NAVIER-STOKES EQUATIONS IN CYLINDRICAL

COORDINATES?

Answer:

The Laplacian operator is shown in cylindrical coordinates of the incompressible

Navier-Stokes equation.

Incompressible continuity equation:

1a(ru) 1a(u,) au)
r ar I a# 07 (62a2)

r-component of the incompressible Navier—Stokes equation:

du du Usou, Up au,
N = T—— il e
ot ar r o6 r ol ¢

P 19 [ au u 10U, LW, Wu]
R e 2V - ¢ 8 U 8 kel M _——t e —— =

ar rar\ or) r? rige? N My, oz’
* (62b)

\

8-component of the incompresSible Navier-Stokes equation:

Uy oy, Ugdu, AU, dug
Pl T U ARG 1 +— 4 'Lll-‘ ]
ot di ;7 r dz /

14° [‘1 "N r'aur,) u, 1094, 2du, a4,
= - F pd, [l — -_— = — ~+ — |
rog Pl LRI o or rl r290%2 r?2a960 97’

(62¢c)
z-component of the'incompressible Navier-Stokes equation:
oy du, U, du, au,\
p( v+ u,— 4 U

\ of i r of S az )

aP [1a( ou)\ 104, r'r’u_J

- q-_ L )q' T . . | r . T 3 ] } )

Wz P ,u_l' ar\, dr r< daf- az*

(62d)

mos A e —_— . —_— —

Question:36 WHAT IS A BOUNDARY LAYER?

Answer:

19
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A boundary layer is a layer of flowing fluid near a boundary where viscosity keeps
the flow velocity close to that of the boundary. If the boundary is not moving,
then the normal and tangential flow velocities at the boundary vanish, and the
normal and tangential flow velocities near the boundary are small compared to
those of the Inviscid (potential) flow far from the boundary.

THE END

“Please keep me in your prayers”

BY MAT'HEMATICZ
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