IMPORTANT INFORMATION

PLEASE READ

There are no numbers on this exam. However you can
use sample calculations with your own simple

numbers to show you know how to insert numbers.

There i1s choice i1n all questions. A few bonus marks
will be given 1f you answer correctly extra

questions. Please identify them as bonus.

The exam is 180 minutes long. This means a 10 marks
question should take no more than 18 minutes. Use
the time wisely. Do not get stuck on a question.

Give answers in step format. Be concise.
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INSTRUCTIONS

PENS PENCILS ERASERS ALLOWED

NO NOTES TEXTS PAPERS ALLOWED
NO ELECTRONIC DEVICES ALLOWED

GIVE ANSWERS IN STEP FORMAT
LEAVE SPACE BETWEEN STEPS
GIVE CONCISE ANSWERS

HAND IN ALL SHEETS
DO NOT REMOVE STAPLES

ASK NO QUESTIONS



[THIS QUESTION 1S WORTH 16 MARKS: EACH PART IS WORTH 4%]
FIVE double sided derivation sheets are attached. Ildentify
any FOUR derivations and add statements to the sheets to
explain In detail each step of the derivation.

[THIS QUESTION IS WORTH 15 MARKS: PART MARKS IN [] BRACKETS]
Identify and state the main observations from any FOUR of the
SIX labs [8]. ldentify and state the main observations from
any THREE of the FIVE demos [3]. ldentify and state the main
observations from any TWO of the FOUR efluids videos [4].-

[THIS QUESTION IS WORTH 20 MARKS: EACH PART 1S WORTH 5%]
Write brief notes on any FOUR of the following SEVEN topics:
(1) Turbulent Wake Flows (2) Fluid Structure Interactions (3)
Conservation Laws (4) Porous Media Flows (5) Two Phase Flows
(6) Wide Hydrodynamic Bearings (7) Viscometers. In each case,
identify the important formulas on the formula sheets.

[THIS QUESTION 1S WORTH 49 MARKS: EACH PART IS WORTH 7%]
With words, formulas and sketches, describe briefly the steps
you would take to calculate any SEVEN of the following ELEVEN
things: (1) the pressures In a pipe tank system following a
sudden pump start up (2) the thrust of a rocket nozzle (3)
the influence of friction on compressible pipe flow (4) the
drift speed generated by an explosion (5) the stagnation
pressure on a supersonic blunt object (6) the pressures on a
supersonic foil (7) the flow rate through a choked valve (8)
the pressures on a subsonic foil (9) the lift and drag on a
hemispherical hut (10) the load supported by a hydrodynamic
lubrication thrust bearing (11) the motion statistics of a
floating body in random waves. In each case, identify the
important formulas used at each step in the calculation.
Also list the assumptions and the things that are known.



BONUS QUESTION [5]

Give a TRUE or FALSE answer to following statements.

Give a single sentence explanation for each answer.

(1) Shock waves cannot occur in water.

(2) Flow speed at a singularity is zero.

(3) Small eddies in a flow diffuse mass.

(4) Speed at a stagnation point is infinite.

(5) A single Mach wave cannot be heard.

(6) Lift can be generated by a doublet.

(7) A potential vortex is a rotational flow.

(8) Bernoulli is valid for viscous flows.

(9) An expansion shock wave is not possible.

(10) Flow in hydrodynamic bearings is turbulent.



TITLE

8U/dx + AV/dy + OW/dz = 0

OP/0x = no°U/0z?

OP/0y = n0°v/0z?

0 = uo°w/oz?

[ [ou/ox + ov/oy + ow/oz] dz = 0

I = | udz Jg =1 vaz K = | Wdz

0I/0x + 0J/0y + OK/0z = 0



OP/0x (z°-zh)/2u + (Ur-Ug)z/h + Up

(@
Il

OP/dy (z%-zh)/2u + (Vo-Vg)z/h + Vg

<
Il

W = (WT—WB)Z/h + Wg

I = 0P/0x (-h®/12u) + (Ur-Us)h/2 + Ugh

O0P/dy (-h®/12u) + (Vz-Vs)h/2 + Vsh

o
Il

K = (Wp-Wg) z2/2h + Waz

8/0x (h’/12p 6P/0x) + 0/dy (h’/12u OP/dy)

= O[h(Up+Ug) /2]1/0x + O[h(Vi+Vg)/2]1/0y +  (Wp=Wp)



TITLE:

M = P1 U4 AA = P2 U, AA
M (U -U )= (P - P) AA
P2 U, AA U, - P1 U, AA Uq = ( P, - Py ) AA
Pr + p1 UUp = Py + p2 U0
P, (1 + k MM; ) = P, (1 + k MM, )

h: + [UU;]1/2 h, + [UyU0,]1/2

T, (1 + (k—l)/Z MiM; ) = T, (1 + (k—l)/Z M,M, )



p1 Ui AA = p, U, AA

pz / p1 = Ui / U
= [M ai;] / [My ap] = [M; VT3] / [M; VT,]

=V {1 + (k-1)/2 MpMp] / [1 + (k-1)/2 MqMy]}  My/M,

Py / [pr RTi] = Py / [p2 R Tzl
p2/p1 T2/T1 = P,/P;
MM, = [(k-1) MyM; + 21 / [2k MiM; - (k-1)]

P2/P1 =1 + 2k/(k+l) (M1M1 - l)

To/T1 = ([1+(k=1)/2 MiM;] [2k MiMy=(k=1)1) /[ (k+1)?/2 MyM]

p2/p1 = [(k+1) MiM;] / [2 + (k-1) M;M;]



TITLE:

o 0U/0t + pU 0U/0x + 0P/0x + pC = 0

C = f/D U|U|/2 - g Sina

OP/0t + U 0P/0x + pa’ 0U/0x = 0

o du/ot + O0P/0x = 0

OP/0t + pa’ 0U/0x = 0

0°P/ot? = a? &*p/ox?

0°U/ot? = a® 8°u/ox?



= x —a t M

Xx + a t

[P-Po] — palU-U.] = 2F (M)

AP = + pa AU

AP - pa AU



TITLE:

V.v =20

V=UIil+V]j+uwk

V =90/ox 1 + 0/dy J + 0/0z k

oU/ox + OV/oy + OW/0z = O

oov/ot + pv.Vv + VP + Vpgz - uvViv = 0

pov/ot + pv.Vv + VP + Vpgz = 0

o ( 0u/ot + UOU/Ox + VOU/Oy + WOU/0z ) = - OP/0Ox
o ( ov/ot + UOV/0x + VOV/Oy + WoV/0z ) = - OP/0y

o ( OW/0t + UOW/0x + VOW/Oy + WOW/0z ) = - 0OP/0z - pg



o = 2Q = Vxv = 0

VxVe

[
(@
<
Il

s

V.v =0 V.Vo = 0

Vi = 0%p/0xX* + 0°p/0Y + 0°9p/0z° = 0

v.Vv = V [v.v]/2 - vxO

pov/ot + pV[v.v]l/2 + VP + Vpgz = 0

op/ot + (Vo.Ve)/2 + P/p + gz = C



TITLE:

r 0/6c (h’/12p OP/d6c) + 0/0r (rh®/12p OP/0r)

= 0 [h(V+Vg) /2]1/00@ + O [rh(Uz+Ug) /2]1/0r + 1 (Wr—Wg)

r 0/0oc (h® 0P/oc) + 0/0r (rh® 0P/dr) = 6u S 0h/0@

r 0I/0c + 0J/0r = K

I = h® 0P/0c
J = rh’® 0P/0r

K =6u ro 0h/00

r AI/Ac + AJ/Ar = K



Jc

Jp

Ia

Is

AT/Ac = [Ia — Igl/Ac

= [(hgthp) /2]° [Pg-Pp]/Ac

= [ (hythp) /217 [Pp-Pyl/Ac

AJ/Ar = [Jc — Jpl/Ar

[hp]® [ (ry+rp) /2] [Py-Pp]/Ar

[hp]® [(rstrp) /2] [Pp-Ps]l/Ar

A Pg +B Py + C Py + D Ps + H)

(A + B + C + D)

= rp [ (hgthp) /2]1° / [Ac]?

= rp [ (hgthp)/2]1° / [Ac]?

[hel® [ (ry+re) /2] / [Ar]?
[hel® [ (rs+re) /2] / [Ar]?

- 6pu rp o (hg=hy)/[2A0]

AF

P Ac Ar



WATERHAMMER QUESTIONS

A pipe connecting two large tanks has a constant flow
positive displacement pump at its upstream end and a
valve at its downstream end. Initially, the wvalve 1is
fully open, the pump 1is stopped and the conditions 1n
the pipe are P,=20BAR U,=0m/s. The pa of the pipe is 10
BAR/[m/s]. Then, the pump suddenly starts and generates
a velocity of 1 m/s. At the instant the pump starts,
the wvalve suddenly closes. Using algebraic water hammer
analysis, determine the pressure and velocity at the
ends of the pipe for 3 steps 1in time. [30] Using
graphical waterhammer analysis, determine the pressure
and velocity at the ends of the pipe for 3 steps in
time. [30] Explain what happens in the pipe.




The starting conditions are:

Pn = 20

Um:

The stepping equations are:

Unm

Un

P, =

20 U, = 0
pa AU

[UM - Un]

10 [Ux - Uy]
pa AU

[UN - Um]

10 [Uyxy — Uyl






A pipe has a tank at its upstream end and a wvalve at
its downstream end. Initially, the wvalve is closed, and
conditions in the pipe are P,=30 U,=0. The pa of the
pipe 1is 10. Then, the wvalve 1s suddenly opened. Its
pressure flow characteristic is Py=20Uy. Using algebraic
water hammer analysis, determine the pressure and
velocity at the ends of the pipe for 2 steps in time.
[30] Using graphical waterhammer analysis, determine
the pressure and velocity at the ends of the pipe for 2
steps 1n time. [30] Explain what happens in the pipe.




The starting conditions are:

Pn = 30 Uy, = 0 P, = 30 U, = 0

The stepping equations are:

PM = 30 UM = Un + [PM - Pn]/lo
— £ AP = - pa AU
Py — Pn = - [pal [Uy — Ul Py = 20 Uy
20 UN - Pm = - lO [UN - Um]

Uy = P./30 + U,/3






A small pipe 1s attached to a large pipe. The large
pipe acts like a tank at the upstream end of the small
pipe. There 1is a leak at the downstream end of the
small pipe. The leak has the pressure flow
characteristic is Py=20Uy. Initially pressure 1is 20 BAR
everywhere. Then suddenly a surge wave 1in the large
pipe passes by the entrance of the small pipe. The
pressure of the surge wave 1s 30 BAR. The pa of the
pipes 1s 10 BAR/[m/s]. Using algebraic water hammer
analysis, determine the pressure and velocity at the
ends of the small pipe for 2 steps 1in time. [30] Using
graphical waterhammer analysis, determine the pressure
and velocity at the ends of the small pipe for 2 steps
in time. [30] Explain what happens in the pipe.

I Il



The starting conditions are:

Pn = 20 Up = 1 p, =20 U, =1

The stepping equations are:

PM = 30 UM = Un + [PM - Pn]/lO
— £ AP = - pa AU
Py — Pn = - [pal [Uy — Uul Py = 20 Uy
20 UN - Pm = - lO [UN - Um]

Uy = Pn/30 + Uy,/3






AM2/M2 = + kM2[1+[(k—1)/2]M2] /[l—M2] fAx/D

AP/P = - kM2[1+(k—1) MZ]/[2(1—M2)] fAx/D

AT/T = - k(k—l)M4/[2(1—M2)] fAx/D
2 2
Ap/p = - kM /[2(1-M")] fAx/D
AG = H Ax Gunew = Gowp + Howp [Xwew — Xoupl

fL*/D = (1—M2)/(kM2) + [ (k+1)/(2k)] ln[(k+1)M2/(2+(k—1)M2)]

fL*/D = (l—kM2)/(kM2) + ln[kM2]

Tp/Ty = [ (1 + [(k-1)/2] MyMy) / (1 + [(k-1)/2] MpMp) ]
Pp/Py = [Tp/Tul” x = k/ (k-1)
M = pAU M= U/a a = VKRT
p = P/[RT] MU + AP A
dp/p + dA/A + dU/U = 0 UdU + a’dp/p = 0

dUu = Uda / [A(Mz—l)]



Pp/Py = [ 1 + kMgMy 1 / [ 1 + k MpMp ]

Tp/Ty = [ (1 + [(k-1)/2] MyMg) / (1 + [(k-1)/2] MpMp) ]
MpMp = [(k-1) MgMy + 2] / [2k MyMy - (k-1)]
Pp/Py = 1 + [2k/(k+1)] (MgMy — 1)

Pp/Py = 1 + [2k/(k+1)] (NyNy - 1)

NpNp = [(k-1) NgNy + 2] / [2k NyNy - (k-1)]
Ny = My Sinf Np = Mp Sink k=p-0
tan(B) /tan(x) = [(k+1) Ny Ny ] / [ (k=1) Ny Ny + 2 ]

v = V[K] tan W[ (M’-1)/K] - tan ‘V[M®-1]

K = (k+1)/(k-1) Up = vy + O

PA Sin (0-0O) PA Cos (0-0)



a = [K/p]

K = K/ [ 1+ [DK]/[Ee] ]
a= V[kRT] =+ [K/p]
K/op =k RT K=kpRT
K=%kP
au = V[Ku/pu]
ou = Z[pPsVs]/Vy Ky = Vu/Z[Vs/Ks]
[P - Pl = [E£E(N) + F(M)]
(U -U] = [£(N) - FM] / [pa]
N=x—-at M=x+at
«— F AP = + pa AU
— £ AP = - pa AU



0/0x (h® oP/ox) + ©0/0y (h® érP/dy) = 6usS oh/ox

A = [(hgthp) /217 / [Ax]? B = [ (hythp) /21° / [Ax]?
C = [hp]® / [Ay]? D = [hp]® / [Ay]?
H= - 6ps [hg-hy] / [2AX]
r 0/0c (h® 8P/bc) + 8/0r (rh® OP/dr) = 6p S Oh/0O
A = rp [(hgthp) /217 / [Ac]? B = rp [ (hythp)/2]° / [Ac]?
C = [hel® [(rytre) /2] / [Ar]? D = [hp]® [(rstre) /2] / [Ar]?
H= - 6“ rer® [hE_hw]/[ZAG)]

(A Pp +B Py + C Py + D Ps + H)

(A + B + C + D)

AF = P Ac Ar AF = P Ax Ay
AFH = AF Sin0 AFV = AF Cos6

Fy = X AFy Fy = X AFy

F =+ [Fg * Fg + Fy * Fy]

9 = tan_l [FH / FV]



d/dx (h’ dP/dx) = 6u S dh/dx H dh/dx

h® dP/dx = H h + A dP/dx H/h? + A/h°

dP/dx = H/ (sx+b)? + A/ (sx+b)? s=[a-b]/d
P = -H/[s(sx+b)] - A/[2s(sx+b)?] + B
A = [P;-Po] [2sa’b?]/[b’-a’] - 2Hba/[b+a]

B = [Pib’-Poa’]/[b?-a?] + H/[s (b+a)]

A [h® dP/dx] = H Ah
a’> [Po-P]/v - b> [P-P;]/w = H [a-b]

= [ a’/v Pob + b°/w Py + H [b-a] ] / [ a’/v + b’/w ]

d/dy (h’ dP/dy) = 6u S dh/dx

H dh/dx

d/dy (dp/dy) = H/h® dh/dx

I
)

P=G/2 y° + Ay + B



@ =S [ X + XR*/(X*+Y*) ] + TI/[2n] o

¢ =23 X + I/[2rn] o

p/2 [ S* = (09/0c)? ] p/2 [ S* - (Ap/Ac)? ]

o = x + xa’/ (x*+y?) B =y - ya’/ (x"+y°)

m° + (a+n)2 = R

X = X Cos® + Y Sin® Y =Y Cos® - X Sin®
X =x+n Y=vyv -m
psSI’ I' = 4nSR Sink
K =0 + ¢ g = tan™' [m/ (n+a)]
PAc Sin (0-0) PAc Cos (0-0)

0 = tanﬂ[—Aa/+AB]

L=2AL D=XAD



@ =S X + S XR*/[X?+Y?]

@ =2 S X =-28 R Cos[c/R]

0p/0c = 2 S Sino

0/2 S* [ 1 - 4 Sin’c ]

P =p/2 [ S - (09/0c)® ] P =
- f P L R Sinoc do + f P L R Coso do
@ = - S r Cos[o ] - S/2 R®*/r? Cos[0]
@ = - S R Cos[c/R] - S/2 R Cos[c/R]
0op/0c = 3/2 S Sino
P=p/2 [ S* - (0¢/0c)? ] P=op/258 [ 1- 9/4 Sin‘c ]
dA = R Sinoc d® R do
dF = P dA = P R® Sino do dO©

ff —P R? Sino Sino Cos® do dO®

IJ + P R? Sino Cosoc do dO



U=1U, M/My C a

U, = D/T M, = pD?

U = B/T VIMS/p]

U = BUO \/[SM/MO]

U’ = [ EI/[pA] m?/L* + T/[pA] - P/p ]

U= [4 + 14 M,/M] U,

Uo = VIET]/[M,L?] M, = PA

T, = [2L/n] V[m/T]
T, = [L/n]? [2/n] V[m/EI]

T, = 2nL°/K, V[m/EI]



D/Dt | pdv = 0
V(t)
ou/ox + o0vV/dy + OwW/0z = O
D/Dt | pv dv = | o ds + | pbav
V(t) S(t) V(t)
o d0U/ot + p (UOU/Ox + VOU/Oy + WoOU/0z) = - OP/0Ox
+ u (0°U/0x* + 0°U/0y® + 0°U/0z?)
p OV/0t + p (UOV/0x + VOV/Oy + WoV/0z) = - OP/0y
+ u (0°V/0x® + 0°V/Oy® + 0°V/0z?)
o OW/0t + p (UOW/Ox + VOW/O0y + WowWw/0z) = - OP/0z - pg

+ u (0*W/0x* + 0*W/Oy® + 0°W/0z?)

D/Dt [ pe dv = - | q.
(

n ds + f v.o dS
V(t) S(t)

S(t)

oC 0T/0t + pC (UOT/0x + VOT/Oy + WOT/0z) = nu @

+ 0/0x(k0T/0x) + 0/0y(k0T/0y) + 0/0z (kOT/0z)



o ( 0u/ot + UOU/0x + VOU/o0y + WOU/Oz ) + A = - OP/0x

+ [ 0/0ox (n 0U/0x) + 0/0y (n 0U/0y) + 0/0z (n 0U/0z) ]

o ( ov/ot + UOV/0x + VOV/Oy + WovV/0z ) + B = - OP/0y

+ [ 0/ox (n ov/ox) + 0/0dy (n ov/oy) + 0/0z (n 0v/oz) 1

o ( OW/0t + UOW/0x + VOW/0y + WOW/0z ) + C = - OP/0z - pg

+ [ 0/0x (n OW/0x) + 0/0y (W OW/0y) + 0/0z (n OW/0z) ]

OP/0t + p c® ( 0U/0x + OV/Oy + OW/0z ) = O

OF/0t + UOF/0x + VOF/0y + WOF/0z = O

ok/ot + Uo0k/0x + Vok/0y + Wok/0z = Tp - Tp

+ [ 0/ox (u/a ok/ox) + 0/0y (u/a ok/oy) + 0/0z (u/a ok/0z) ]

Og/0t + Ude/0x + VOe/0y + Woe/0z = Dp - Dp

+ [ 0/ox (u/b 0e/0x) + 0/0y (u/b 0¢/0y) + 0/0z (u/b O0g/0z) ]

8M/6t = N MNEW = MOLD + At NOLD



v= - K VP Vv=0

V. [K VP] =0

0/0x [K O0P/0x] + 0/0y [K OP/dy] + 0/0z [K 0P/0z] = O

(A Pp +B Py + CPy+DPs+ G Py + H Py)

(A+ B +C+ D+ G+ H)

A = [ (KetKe) /21/[Ax]? B = [ (KutKp)/2]/[Ax]?
C = [ (Ky+Kp) /2]/[Ay]? D = [ (KstKp) /2] /[Ay]?
G = [(Ky+Kp) /2]1/[Az]7 H = [ (Ki+Kp) /2] /[Az]7
Sy = A/w® e B/t A=346H%/T* B=691/T*
Sz = RAO® Sy M, = 1/2 [ Sp(0) o" dw
He = 4 WM, T = 2m My/M,;
P(Ro>R,) = e™* X = ReRe/ [2Mg]
n=[Th1]1/ [20R L o]
pn=1[12Th1] / [nR ]

n = [pgH] [DR*] / [8QL]
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