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BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY, DHAKA
. L-2/T-2 B.Se. Engineering Examinations 2011-2012 ‘
Sub : CHE 205 (Fluid Mechanics)

Full Marks: 210 Time : 3 Hours
USE SEPARATE SCRIPTS FOR EACH SECTION

The figures in the margin indicate full marks.

SECTION - A
There are FOUR questions in this section. Answer any THREE.

T

1. (a) A Newtonian fluid is in laminar flow in a narrow slit formed by two parallel walls at
distance 2B apart as shown in Fig. Q. 1(a). It is understood that B<<W, so that "edge
effects" are unimportant. Make a differential momentum balance, and obtain the

following expressions for the momentum-flux and velocity distributions: (20)

(i) T, = (—E’—%I—)l—) X

Gy v,-Bzh)B [1-@) }
S B

In these expressions P = p+pgh=p- pgz.
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h
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'Fluid out
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(b) Two concentric cylinders of radii R and kR are rotating with two different angular
velocities in the same direction. The annular space between the rotating cylinders is
filled by a Newtonian fluid. Using the equations of continuity and motion, derive an
appropriate expression to represent the velocity of the fluid in the annular space. Draw
the velocity profile of the fluid in the annular space. You are allowed to make the

necessary crucial assumptions. o . (15)
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2. (a) Write-down the Navier-Stokes equation. State the fundamental aséumption(s) made
in the derivation of Navier-Stokes equation. State the physical significance of each
component of the Navier-Stokes equation. Can you say from the Navier-Stokes equation
that momentum balance is completely equivalent to Newton's Law of motion? Write-

down a practical application of Navier-Stokes equation. (10)

(b) Write-down the mechanism and causes of "Boundary Layer Separation". ' (7

(c) Briefly discuss the applications, principles and limitations of the following fluid

measurement devices: | | : , (6x3=18)
(i) Tube-type viscometer |

(i)  Hot-film anemometer

" (iii)  Orifice meter

3. (a) Two reservoirs X and Y are connected with a long pipe which has characteristics
such that the head loss through the pipe and associated fittings is éxpressible as
hy = 1.5 x 10° Q?, where hy_ is in metres and Q is the flow rate in L/s. The liquid surface
elevation in reservoir Y is 15 m above that in reservoir X. Two identical pumps are

available for use to pump the liquid from X to Y. The characteristic curve of the pump

when operating at 2800 rpm is given in the following table. (26) \
Operation at 2800 rpm.
Head (m) Flow rate (L/s)

30 0

27 6.9 .

24 11.4

18 15.8

12 18.9

At the point of operation the pump delivers 13.6 L/s at a head of 21.5 m. Determine the
specific speed ng of the pump and find the rate of flow under the following conditions:
(i)  -A single pump operating at 2800 rpm;
(i)  two pumps in series, each operating at 2800 rpm;
(iii)  two pumps in parallel, each operating at 2800 rpm.
Also what will happen with the flow if the liquid surface elevation in reservoir Y is
more than 30 m above that in reservoir X? |
- (b) What are the various energy losses in a centrifugal pump under operation? State the

-cause(s) for each kind of energy loss. Make a quantitative cor;lparison among the losses

with a clear sketch. : (9)
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4. (a)State the benefits, limitations and requirements of dimensional analysis. By
dimensional analysis determine the expression for small flow rates over a spillway as
shown in Fig. Q. 4(a), in the form of a function including dimensionless quantities. The

parameters involved are height of spillway P, head on the spillway H, acceleration due

to gravity g, viscosity of liquid p, density of liquid p and surface tension . (6+18=24)

g 84

(b) What are the crucial points or considerations to perform Model-Prototype studies? (6)
(c) Shortly state the criteria for 'kinematic similarity’ and 'dynamic similarity' in the

context of Model-Prototype studies. o | Q)

SECTION-B
There are FOUR questions in this Section. Answer any THREE.

5. (a) Write the difference between vapor and gas. What is 'no-slip condition' for viscous
fluids? , 4
(b) Classify different types of fluids according to shearing stress-shear rate
characteristics. Give specific example of each type. (8)
(c) Gas flows at a steady rate in a 120 mm diameter pipe that enlarges to a 180 mm
diameter pipe. ' ' (8)
At a certain section of the 120 mm pipe the density of the gas is 165 kg/m® and the
velocity is 15 m/s. At a certain section of 180 mm pipe the velocity is 10 m/s. What
must be the density of the gas at that section?
If these same data were given for the case of unsteady flow at a certain instant, could the
problem be solved? Discuss. | |
(d) A smooth pipe consists of 12 m of 180 mm diameter pipe followed by 75 m of 550
mm diameter pipe, with an abrupt change of cross section at the junction. The entrance

is flush and the discharge is submerged. If it carries water at 15°C with a velocity of

5.7 m/s in the smaller pipe, what is the total head loss? (15)
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6. (a) Write short note on Bourdon gage describing its working principle with a clear
- diagram. - : t))

(b) Floating vessels usually -étore liquid ballast or fuel oil in tanks or bulkhead

compartments. What is the reason behind it? Explain your answer according to the
center of gravity and center of buoyancy of a floating body with necessary diagrams. (10)

(c¢) Find the difference in pressure between tanks A and B in figure for Q. 6(c). Here,
d; =330 mm, d; = 160 mm, d; = 480 mm, ds = 230 mm. ' @)

(d) The Utah-shaped plate shown in figure for Q. 6(d) is sﬁbmerged in oil (SG = 0.94)

‘and lies in a vertical plane. Find the magnitude and location of the hydrostatic force

acting on one side of the plate. : (10)
7. (a) Derive general energy equation for steady flow of any fluid. (15)
(b) Express Bernoulli's equation in 3 different ways using (6)

(i) Energies (ii) Pressures (iii) Heads
(c) A liquid with a SG of 1.26 is being pumped from A to B through the pipeline in
figure for Q. 7(c). At point A, the pipe diameter is 25 inch and the pressure is 50 psi. At

point B, the pipe diameter is 15 inch and pressure is 55 psi. Point B is 3 ft lower than

point A. Find the flow rate if the pump puts 16 kW into the flow. Neglect head loss. (14)

8. (a) Give definitions 6f hydraulic radius and hydraulic diameter. What is the meaning of
“wetted perimeter? | (6)
(b) What is stagnation pressure? Explain how it can be measured. @)
(c) Two pipes, one circular and one square, have the same cross sectional area. Which
one has the larger hydraulic radius and by what percentage? _ @)
(d) Referring to the figure 8(d), A is at elevation of 30 ft and the pipe characteristics are
as follows: ' (15)
Pipe B is 5000 ft long of 3 ft diameter with f = 0.035. Pipe C is 5000 ft long of 3 ft
diameter with f=0.025 and pipe E is 4500 ft long of 2 ft dia with f = 0.035. |
When the pump develops 30 ft of head the velocity of flow in pipe C is 5 fps.
Neglecting minor losses, find—

(i) The flow rates in cubic feet per second in pipes B and E under these conditions.

(ii) The elevation of the discharge end of pipe E.
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§B.1 NEWTON'S LAW OF VISCOSITY (continued)

Cylindrical coordinates (r, 8, 2):

—_— 2%"—] + Gu~1T V) (B.1 s
g : ’ v,
| ST 2(% FTi )] +Gu -V - v) (B.1 oy
T = -#-_’2 -é;'] +Gu - k)XY V) (B.1- 11y
[ v,
T =T = —p| " :r( )+’1'60] (B.1-ih
s .
To =Ty = = 1‘::; v] ®B.1-12)
< Ter = Tp = ~ 1 %v—z: %vri] (B.1-1'%»
in which )
_14 197, , 6v.
(V-v)=go o) +305+ 2 (B.1-14)

* When the fluid is assumed to have constant density, the term containing (V - v) may be omitted. For

monatomic gases at low density, the dilatational viscosity « is zero.

Spherical coordinates (r, 6, ¢):

T =] 2‘;”—] ) ®.1-15¢
)
=—p 2(%-‘%+ )] +CGu =KV V) (B.1-16)'
_._' 1 %% v, + 1y cot 8Y 2 . 17w
Tos = M-Z(r o0 0 3% + - )] + Gu =)V -V (B.1-17)
v,

e _,m__#[ :r( >+%_§] ®.1-18)
- —_ tsin8df Ys . ) ;
Tos = Tos = “[ r ao(sin 0)+r_sin oa¢] (B.1-19)
ey 1S 5 (% )
Tor = Trg = “I:rsin0¢9¢+rar(r)] (B.1-20)

in which ' . )
=L gy s 1 1 9% ;
Vv y (rv,) + 930 (v,, sin 0) 7 5in 0 79 (B.1-21)

® When the fluid is assumed to have constant density, the term mnmg (V - v) may be omitted. For
monatomic gases at low density, the dilatational viscosity « is zero.
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§B.3 FICK'S (FIRST) LAW OF BINARY DIFFUSION*
[ja = —pDasVwal .

. Cartesian coordinates (x, y, 2):

Jar = —PDps 5
jay = —_'p@h F

Jar = —PDas=5-

Cylindrical coordinates (v, 8, 2):

Jar = "P@Asf‘%‘“
an = —pDyp 1 a‘:;
_jAz = —pD 5 %‘:—A | h ““"
Spherical coordinates (r, 8, ¢): | s
m; ';Pg‘baaafs?f (l!.).?*."
~pDg }- 3:’0«1 | R14
. pgb‘“’ r sin @ ‘::; (B

* To get the molar fluxes with respect to the molar average velocity, replace,, p, and w, by I3, ¢, ait &,

§B.4 THE EQUATION OF CONTINUITY"
tbp/at +(V.pv) =0]

Cartesian coordinates (x, y, z):

. 3 _
3 ax(pv,)+ay(pv,)+32(pv,)—0 : 44
Cylindrical coordinates (r, 6, z):
‘9" s )+
',75 (orv, ; ﬁ (pve) + = L (o) =0 i n
Spherical cbordinates (r,0,¢) )
P14 S P 13 0y y
+r2r?r 'Jv’)+rsin aao("""‘s'“OHrsin OEEW")_O il

* When the fluid is assumed to have constant mass density p, the equation simpliﬁes to(V-v) =01

—6—
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§B5  The Equation of Motion inTermsof v 847

§

{85 THE EQUATION OF MOTION IN TERMS OF 7

3
Dv/Dt=-Vp— [V 1] +.
P lo = ~Vp - V1] +.p8l
2 Cartesian coordinates (x, y, z):* ’
% v v v av. ap d J i : ‘
¥ T pp. =2 o, =)=~ 52 + = + = 5
¥ p( Gt Ty T az)' “ox {ax T+ gy T ¥ gy T | VP8 ®51)
v, dvy, -9V, du, ap P P 3
. — —_ 4 —— —_— = —e— T _— _— -
: g ( S u tu gy T )T Ty ™ gy | T P ®52)
& :
: v, ‘}vz ‘}vx »avz ) ap a a d =
. bt R T e b R R = L1, . .
¥ p(at Ux gx Yy oy U)oz axT"+ayT-"‘+azT" + p8: (B5-3)
:%. s These equations have been written without making the assumption that 7 is symmetric. This means, for
example, that when the usual assumption is made that the stress tensor is symmetric, T, and 7,, may be
x interchanged. ' :
: Culindrical coordinates (r, 8, 2t
i ov, veow,  dv ) _ %P |19 18 .0, _To
oot — Iy —— o il ——— =z + == + — ——
< -"(_ Frue TTee e T =\ Fa i e + P8 - B5y
‘ il dvs | Ve 9Ys vy  Urs 19p 14 14 d Tor ~ Tro
| 2= 00 I8 = o= | 55 + 5= Loyt + 5-
‘( vty g P T reg | 2o Pro+ 75wt 527 7 P8 (B.5-5)
(B.5-6)

v, v,  Vad0: 9V 9 119 14 9
"('m+v'ar+735+”'az>‘ o L AR TR * P8

S SRt o NS

% " These equations have been written without making the assumption that 7 is symmetric. This means, for example, that when the usual

% assumption is made that the stress tensor is symmetric, 7rp = Tor = 0.

% Spherical coordinates (r, 6, )¢

: (ﬂv, Ly 0, B v v, Ut vi) e
G T rsinfos T ar
10 P 14 Ton + Too
Y - —— A —— A ———— - + .5-
[rz ar 1) * 5in 6 96 (r sin O) + 55 58 r ] Par A ®5-7)
. 3 N
vy dvy  Us Vg v, v,  VVu T Y cot @ 19p
g BV VT, —— )T T 5
”( oF TV G T T8 rsin 60 r r a6
1149 19 ‘ 19 (o, = Tw) ~ Too COt 8 ' ,
i (oA + RN Sy S~ : -
L—* 5 P70+ 75N 6 56 (1o SiN 6) + T 70 5 e r— + pge (B.5-8)
Vg vy Uy Vs vy OV  VeUr T Uils cot @ 3 9
A0 2t Tt Tam e 9e & = et
at ar T 96 rsin 8 99 : r r sin 9 d¢
18 . 19 . 19 (rgy = T) * 7o Ot O] -
-{=£ b + e b 4 5-
[,—3 ar 7o) ¥ T5in 0 96 (73 Sin 0) + 775 56 T r P3s (B.5-9)
for example, that when the usual

e been written without making the assumption-that T is symmetric. This means,

* These equations hav
assumption is made that the stress tensor is symmetric, Ty = To: = 0.

._...7___




848 AppendixB Fluxes and the Equations of Change

§B 6 EQUATION OF MOTION FOR A NEWTONIAN FLUID

WITH CONSTANT p AND 4

[pDv/Dt = —Vp + u¥Vv + pgl

" Cartesian coordinates (x, y, z):

B ' By L d ) op 5%, L, P
ot T ax T T e )T Ta T GE T T
%%, . SO LTI AT
T T P ay o g | ™
v, , v, dv, oap . [d, o, v,
iy i4p 2t 2= L —2 e 2y e
p(at V52 + 0, % +0,5 = +p.-a ™ A e

LTS ™

e ds

Cylindrical coordinates (r, 8, 2):

v, v, D4, v, v\ _ _dp {14 1%, v, 20
"’(5?“"& Tt r)_" ar+‘“[ar 7 ar (00 +,zaoz+azz 2ot P

o v vo"vo g U 1 ap afl1a 1%, 3V, 20,
P(w* Tl thEm T r)‘ AL FA G A bR e ] ALY

+_.

’ v, Ve 0,
P\at "V er YT 0

3"0]+
2| e

i (O
Ma s

(W o}

Spherical coordinates (r, 6, ):

avr+\' avr'_'_ vﬁavr Vs _
P\ot TP T T30 " Tein 690

1 & 1 9. 00\, 1 .o,
‘+M':rzarz(r’v')-'-r2 sin 1943’0($n‘9‘3’0)-.*.r2 sin?f p* * e

290 . r?sin 6 d¢

0, 3V g7, Vs UV, - Uy cot 0)  1dp
Aot ™% 3 T 736 "7 sin 8 90 r R T
19(.9mY,16( 1 3 ) 1,
]+ L[~ +—
[,za (' ar) ,zao<sin 5 36 00 i 0)) 7 sini0 g 1
dv, o v, L0 v, Ve U |, et + ygu, cot 6 1 . 9p
P\t "% er "7 98 T rein 099 r " Trsin 609
19(2%\, 10 1 1 Pvy
+u|l=Z P2+ =L —2
”’[,zaf(rz ar) r230<sm 060(% sin 0)) r? sin? @ 9¢? *

29 2ot
rsin 09¢ r?sin 6 9P

] + pgy (H&-i}

Betr

T

E

i

(H B

RSy

* The quantity in the brackets in Eq. B.6-7 is not what one would expect from Eq. (M) for [V - ¥v] in Table A.7-3, because we have mllch;i

to Eq. (M) the expression for {2/r)(V - v), which is zero for fluids with constant p. This gives a- much simpler equation.
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732 AppEsnIX A: F luid and G.eometric Properties
Tante A.1  Physical properties of water at standard sea-level atmospheﬁc‘pressurea
. Satu- Satur'n Bulk
Tem- . s _ ration vapor modulus
pera- Specific ) Absolute Kinematic Surface vapor pressure of
ture, weight, Density, viscosity,”  viscosity, tension, pressure, head, elasticity,
T Y p K v o P, p/y E,
°F b/ slugs/it’ - 107 Ib-sec/ft  107% ft¥/sec  1b/it psia ~  ftabs psh
32°F 6242 1.940 . 3746 19.31 0.00518 0.0885 0204, 293,000
40°F 6243 1.940 32.29 16.64 "0.00514 0.122 0.281 294,000
30°F 6241 1.940 - 27.35 14.10 0.00509 - 0.178 0.411 305,000
60°F  62.37 1.938 - 2359 12.17 "~ 0.00504 0.256 0.592 311,000
70°F 6230 1.936 120.50 " 10.59 0.00498 0.363 0.839 320,000
80°F  62.22 1.934 17.99 9.30 0.00492 = - 0.507 1.173 322,000
90°F 6211 . 1.931 15.95 826 - 0.00486 0.698 1.618 323,000
100°F  62.00 1.927 14.24 7.39 0.00480 0.949 . 220 327,000
110°F  61.86 1.923 12.84 6.67 0.00473 1.275 2.97 331,000
120°F 6171 1.918. 11.68 6.09 0.00467 1.692 3.95 333,000
130°F  61.55 1.913 10.69 5.58 0.00460 2.22 5.19 334,000
140°F 61.38 1.908 9.81 5.14 0.00454 2.89 6.78 330,000
150°F  61.20 1.902 9.05 4.76 0.00447 3.72 8.75 328,000
160°F  61.00 1.896 8.38 442 0.00441 474 1118 326,000
170°F  60.80 1.890 . 780 413 0.00434 .. 5.99 . 1419 ...322,000 . |
180°F  60.58 1.883 7.26 385 0.00427 7.51 17.84 318,000
190°F >\, 60.36 1.876 6.78 3.62 0.00420 9.34 22.28 313,000
200°F  60.12 1.868 6.37 341 0.00413 11.52 2159 308,000
212°F  59.83  1.860° 593 319 0.00404 14.69 . 35.36 300,000
°C kNm® kgm®  Nsm? 107 mYs Nm  kN/mlabs mabs  10°kN/m’
0°C 9.805 9998  0.001781 1.785 0.0756 0.611 0.0623 202
5°C 9807 - 10000 0.001518 11519 0.0749 0.872 0.0889 206 .
10°C 9.804 999.7 - 0.001307 1.306 0.0742 1.230 0.1255 2.10
15°C 9.798 999.1 0.001139 1.139 0.0735 1.710 0.1745 - 214
20°C 9.789 9982  0.001002 1.003 0.0728 2.34 0.239 2.18
25°C 9.777 997.0  0.000890 0.893 0.0720 3.17 0.324 222
30°C 9765 995.7  0.000798  0.800 0.0712 424 . 0434 225
40°C 9.731 9922  0.000653 0.658 - 0.0696 7.38 - 0.758 228 .
50°C 9.690 988.0 0.000547. 0553 0.0679 -12.33 1.272 2.29 -
60°C = 9.642 9832  0.000466 0474 00662  19.92 2.07 228
70°C 9.589 977.8  0.000404 0413 0.0644 31.16 325 225
80°C 9.530 971.8  0.000354 0.364 0.0626 47.34 497 220
90°C  9.467 965.3  0.000315 0326 0.0608 70.10 7.40 2.14
100°C 9.399 958.4  0.000282 0.294 0.0589 - 101.33 10.78 207

a [q these tables, if (for example, at 32°F) p is given as 37.46 and the units are 107 Ib-sec/ft’

then u = 37.46x107% ib-sec/ft.
b For viscosity, see also Figs. A.1and A.2.

'f'l0—
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TaBLE A.4  Physical properties of common liquids at standard sea-level atmospheric pressure?

~ _ v Bulk
- Temper- Specific  Absolute  Surface  Vapor  modulus of Specific
. ature, Density, gran‘iy.b viscosity,"  tension, pressure. elasticity, heat, -
Liquid . - T T p s m o P, E, c
ft-1b/(slug-°R)
°F shag/tt’ —  107%Ib-sec/ft’ b/t psia psi = ft*(sec°R)
Benzene 68°F 170° 088 1437 00020 145 150.000 10,290
Carbon
tetrachloride 68°F  3.08 1.594 2035 0.0018 1.90 160,000 5,035
Crude oil 68°F 166 086 150 0002 - - -
Gasoline 68°F. 132 “0.68 6 — 80 — 12,500
Glycerin 63°F 244 126 . 31,200 0.0043  0.000002  630.000 14,270 .
Hydrogen © —430°F: 0143 0074 0435, 00002 3.1 ' —

_ Kerosene 68°F 157 0.81 40 00017 046 — 12,000
Mercury * 68°F 263 1356 33 0032 0.000025 3.800,000 834
Oxygen -320°F -~ 234 121 s§ 0001 31 — ~5,760
SAE 10 oil 68°F 178 092 1,700 1 0.0025 - - —

~ SAE300il 63°F 178 0.92 9,200 0.0024 - —_ —

' Fresbwater | ~68°F = 1936 0999 210 0.0050 0.34 318,000 25,000
Seawatgr- . 68°F 1985 1024 225 00050 034 336,000 23,500

- o A N-m/(kg-K)

°C kg/m? —_ 10°N-s/m®> N/m  kN/m?sbs 10°Nm?  =m¥(s"K)
Benzene - 20°C . 876 0.88 0.65 0.029 100 1030 1720
Carbon = ' . ) : : ‘
tetrachloride  20°C - 1588 1.594 0.97 0.026 131 1100 842
Crude oil . .20°C 856 0.86 72 0.03 — — —

" Gasoline 20°C 680- 068 0.29 — 552 - 2100
Glycerin 20°C 1258 1.26 -1494 0.063  0.000014 4344 2386
.Hydrogen -~ =257°C 137 0074 0021 00029 214 — -
Kerosene - 20°C 808 0.81 192: 0025 320 — 2000
Mercury 20°C 13550 13.56 1.56 051 © 000017 26200 139.4
Oxygen -195°C . 1206 12t - 0278 0015 214 - ~964
SAE 10 oil 20°0C 918 . 092 82 " 0.037 - — —_
SAE 30 oil 20°C 918 092 440, 0.036 - - —_
Fresh water 20°C 998 0.999 " 1.00 0073 234 S 27 4187
Seawater 20°C 1023 1.024 1.07 0073 234 2300 3933

€ For viscosity, see also Figs..A.1 and A.2.

'@ [ these tables, if (for example, for benzene at 68°F) p is given as 1.437 and the units are 107 tb-sec/ft® then

p=1437x 107 Ib-sec/ft>.
b Relative to pure water at 60°F.
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Tiper A5 Physical properties of cdmmon gases a standard sca-level atmospheric pressure?

Molar Absolute . Specific
v Chemical mass, Density, viscosi!y,b Gas constant, Specific heat. heat ratio,
Gas formula’ M P n R <, R
stug/ frib/(slug-°R)  ft-Ib/(stug-°R)
at 68°F — slug-mol  slug/it'  10"%ibesedft’ = M¥l(sec™°R) = el (sect°R) —
Air 2896 000231 - 03% LIS 6000 4285 140
~ Carbon o7 L : . : -
dioxide CO, 4401 000354 0310 1,123 T5132 4009 128 .
Carbon ' . : o '

. monoxide - CO 2801 - 0.00226 0380 1,778 6218 4,440 1.40
Helium He 4003  0.000323 0.411 12420 31230 18810 1.66
Hydrogen H, 2016  0.000162 0.189 24.680 86390 61710  .1.40
Methane °~  CH, 16.04 0.00129 0.250 3,100 13400 10,300 1.30
Nitrogen N, ©28.02 000226 - 0.368 1,773 6210 4437 1.40
Osygen 0, 3200 000258 0418 1,554 5437 - 3883 1.40
Water vapor H.0 18.02 0.00145 0.212 "2.760 11,110 8350 1.33

kg/ - - T N-n/(kg-K) N-m/(kg-K)

at 20°C - kg-mol kgm® 107 N-ym? = ml(s*K) = m¥(s*K) -
Air . - 2896 1.205 180 - 287 1003 716 1.40
Carbon o . : » '

dioxide CoO, 4401 1.84 ! 148 188 8§58 . 670 '1.28
Carbon : : . S

monoxide . CO- 28.01 1.16 182 297 T 1040 . 743 1.40
Helium He 1.003 0.166 19.7 2077 3220 3143 1.66
Hyvdrogen H, 2016 0.0839 90 4120 14450 10330 140
\Methane CH, 16.04 0.668 13.4 520 2250 1730 - 130
Nitrogen N, 28.02 1.16 17.6 297 1040 743 140
Oxygen 0; 32.00 133 200 260 909 - 64 1.40
Water vapor - H,0 18.02 0.747. w1 462 - 1862 1400 - 133

W In these tables. if (for-example. for air at 68°F) p is given as 0.376 and the units are 10° Ib-sec/t’ then
= 0.376 % 107° {b-sec/ft’. ‘ ’

b For viscosity. see also Figs. A.1 and A.2. Absolute viscosity u is virtually independent of pressure.\vhércns
Kinematic viscosity 1 varies with pressure (density) (Sec. 2.11). '

R -



»

738 Arpenpix Ar F luid and Geometric Properties

' TAII.LI;' A.7 Properties of areas

- ! o ' : Location of Lor
Shape Sketch ~ . - i Area *  centroid o I=L+AY
. h b
Rectang! bh . . = I, = —
ectangle (: ! Y. 3 "2
]
|
i h h L
Triangle ‘[ P-Z— , y, = _::- L= %%
> » i D} D D!
Circle . n Ye = 5 I = 64
Semicircle
Circular sector

Parabola

— (32—
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Values of (/2”1 ) for water at 60"F (diameter in inches X velocity in {ps)

0.1 0.2 0406 1 2 4 6.810 20 © 40 60 100 200 400 1000 2000 4000 10,000
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1.

SECTION — A ‘
There are FOUR questions in this section. Answer any THREE.

(a) What is meant by production possibility frontier (PPF)? Explain how resources can

be allocated in a society with the help of PPF.
(b) Describe three applications of production possibility frontier.

(a) Critically analyse the concept of optimization.
(b) Given the following total revenue (TR) and total cost (TC) functions for a firm
TR = 1000Q - 2Q° ‘
TC = Q* - 59Q* + 1315Q + 2000
(i) Set up the profit function,
(ii) Find the critical value(s) and
(iii) Calculate the maximum profit.
(c) Discuss the various difficulties of measuring national income.

(d) Show that an economy's growth rate is directly related to its savings ratio and

inversely related to its capital-output ratio.

(a) Define aggregate demand and aggregate supply. Point out the factors that can change
the aggregate demand and aggregate supply.
(b) How will you determine macroeconomic equilibrium with the help of aggregate
demand and aggregate supply? ' | ' o
(c) Distinguish between demand pull and cost push inflation. Make a comparison
between the effects of demand pull and cost push inflation.
(d) Given that

‘GNP = Tk. 1,03,000 crore

Depreciation = Tk. 8,500 crore |

Indirect tax = Tk. 12,000 crore -

* Subsidy is 20% of indirect tax.

Calculate national income.

(a) Explain any two characteristics of a least developed country like Bangladeéh.

(b) Briefly discuss the theories of economic development.

(c) What is meant by investment? Briefly narrate the criteria for making an investment

decision.

HKawi 'é;c&mq
Qaa;‘.a.J) .

20
13)

C)
10)

(10)
(10)
@)

@®

®
10

)

- (15)

(15)
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SECTION-B
There are FOUR questions in this section. Answer any THREE.

5. (a) Define demand function. From the following demand function, make a hypothetical

demand schedule and plot the curve. (10)
Q=60- 15P + P? |

(b) What are the main determinants of demand? Explain them. : (10)

(c) What are the exceptions to the law of demand? Explain them. ' (10)

(d) Why do demand curves élope downward? 5)

6. (a) How is price determined in an economy under competition? Explain graphically. (10)

(b) What will happen to the equilibrium price and quantity due to change in supply? | (10)

(c) From the following demand and supply functions, calculate equilibrium price and
equilibrium quantity and show the result in a graph. ‘ ' (15)
SS: P=0.1Q+10
DD: P=-0.5Q+50
If the demand function changes to
DD: P=-0.6Q+36
then what will be the new equilibrium price and quantity? Plot the coordinates on the

graph and describe the change in equilibrium points on the graph.

7. (a)~ What are the properties of an indifference curve? Explain them. (10)
(b) How would you measure price elasticity of demand at any point on a straight line
demand curve? Explain graphically. B ' ‘I (15)
(c) From the following table, calculate elasti'city of demand if you move from point A to
C and explain what you understand from the result. 10)
Point Y Q
A | 5000 | 950

B 7000 | 900
C 9000 | 800

8. (a) What is meant by development? Explain. ' ' (5)
(b) Explain the concept of vicious circle of poverty. Discuss the demand side and éupply
side of vicious circle of poverty. _ (15)
(b) Briefly discuss the strategy of Balanced growth with reference to a least developed
country like Bangladesh. | | B (15)
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SECTION -
There are FOUR questions in this section. Answer any THREE

Notations have their usual meanings.

1. (a) The rigid platform in Fig. for Q. 1(a) has negligible mass and rests on two steel bars,
each 250.0 mm long. The center bar is of aluminium and 249.9 mm long. Calculate the
stress in the aluminium bar after the center load P = 400 kN has been applied. Cross-
sectional area and modulus of elasticity of each steel bar are 1200 mm? and 200 GPa,

respectively, and that of aluminium bar are 2400 mm? and 70 GPa. : (15)
(b) Sketch the Mohr's circle for a state of plané stress 6x = 9 Pa, oy, =3 Pa and T = 4

" Pa. Hence find the principal stresses and show them on properly oriented elements. (20)

2.+ (a) Calculate the thickness of metal plate necessary to form 5 cylindrical shell of internal |
diameter 30 cm to withstand an internal pressure of 20 MPa. The permissible tensile
stress in the material is 60 MPa. Assume the shell as thick walled and check whether the

assumption is valid. (12)
(b) Derive the Euler's column formula and lists the necessary assumptions for the 5
derivation. (15)
(¢) A column with both ends fixed has a cross-section of 5 cm % 10 cm and a length of

4 m. Is it a Euler's column? Give reason for your answer. . 8)

3. (a) A solid shaft is subjected to torques as shown in Fig. for Q. 3(a). Determine the
required diameter of the shaft if the limiting shear stress is 60 MPa and limiting angular

deformation at the free end is 4°. Use G = 82 GN/m’. : 17)
(b) Derive the express1on for deflection of a close coiled helical spring and lists the

necessary assumptlons Hence show that torsional deflection is much larger than shear
deflection. ' T (18)

4. (a) Show that hoop stress is twice the longitudinal stress in a thin walled cylindrical
pressure vessel. : (10)
(b) Using Hooke's law for triaxial stress, prove that o+, = constant for a thick walled
cylindrical pressure véssel. (15)
(c) Describe the nature of induced stresses by cooling or heating a metallic bar whose

ends are attached to rigid supports. (10)
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SECTION -B
There are FOUR questions in this section. Answer any THREE.
5. (a) Write shear force and bending moment equations for the beam shown in Fig. 5(a).

il

Also, draw the shear force and bending moment diagrams for the same beam and

specify the values at all change of loading positions and at all points of zero shear.

Neglect. the mass of the beam.
(b) The T-section shown in Fig. 5(b) is the cross-section of a beam formed by joining
two rectangular pieces of wood. The beam is subjected to a maximum shearing force of

60 kN. Determine the shearing stress at (i) the neutral axis and (ii) the junction between

the two pieces of wood.

(15)

(20)

(a) Using the method of integration, determine the maximum deflection in a simply - -

supported beam of length L carrying a uniformly distributed load of intensity wy applied
over its entire length. What is the slope at the midpoint of the beam?

(b) The cantilever beam shown in Fig. 6(b) has a rectangular cross-section of width 50

7{ and height h mm. Find the height # if the maximum deflection is not to exceed 10

mm. Assume E = 10 GPa. Solve the problem by area moment method.

(a) The dimensions of a reinforced concrete beam are b = 300 mm, d = 450 mm, 4; =

1400 mm?, and n = 8. If the allowable stresses are f, <12 MPa and f, <140 MPa,

determine the maximum bending moment that may be applied. In what state of

reinforcement is the beam?

(b) The cross-sections of a ring is the T section as shown in Fig. 7(b). The inside

diameter.of the ring is 396.24 mm. Determine the value of P that will cause a maximum

stress of 124.15 MPa.

(a) Briefly discuss one of the failure theories you think suitable for each of the following

materials (i) ductile, (ii) brittle.
(b) What is Castigliano's theorem?

(c) A cantilever beam of uniform cross-section 4 and length L is subjected to the loading

as shown in Fig. 8(c). The Young's modulus, shear modulus, area moment of inertia,

and polar moment of inertia of the beam are E, G, /, and J, respectively. (i) What is the

total strain energy stored in the beam? (ii) What is the vertical deflection at the tip of the

beam?

(15)

(20)

(15)
(20)
(10)

C)

(15+5)
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‘Symbols used have their usual meanmg

ke - SECTION-A v
" There are FOUR questions in this section. Answer any THREE.

| }31 ' (é) Derive Newton's forward interpolation formula. = Hence obtéin the inverse
interpolation formula by successive approx1mat10n ' : (18)
(b) Find the equation of the curve passing through the points (1,3), (2,7), (4, 21), (5, 31), -
(7,57) and (8 73) using Newton' s general mterpolatlon formula. - | 17)

2. (a) Derive inverse mterpolatlon formula from Lagrange formula and hence obtam the

value of x for y = 70 from the following table. L _ (18)

x| 2 5.1 8 | 14
o 'y | 948 | 879 | 813 | 68.7 | |
(b) The values of x and y are tabulated below. | A (17)

x| 0 1 3| 6
y | 18 | 10 | =18 | 90

2

Evaluate Y. and —- d y at x=35.
L dx
— . b . ' '
3. -(a) Discuss Gauss quadrature method to evaluate the integral I f (x)dx . ' 17
(b) Evaluate dx by Simpson's = rule taking 12 subintervals. : 18
e by s s D
- 4... Discuss Newton-Raphson method to solve the simultaneous equations ¢(x, y)‘='0 ,

w (x, y)=0. Use this method to find the roots of the equations o : 35)

et ' . X' +xy=6

. o ye3

Assume the initial guesses as x; =1 and y, =1,
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SECTION-B _ _
There are FOUR questions in this section. Answer any THREE.

5. (a)Solve % =x+*, (0)=0 by Picard's method to find y(0.4) taking step 0.2.

(b) Using Runge-Kutta method of fourth order, solve the differential equation

& _y-x

e x*+y

20

6. (a) An incomplete distribution is given below:

7(0.2)=1.1959, to find y(0.4) taking 4 = 0.2.

| Marks

1020

20-30

3040

40-50

- 50-60

60-70

70-80

No. of students

11

31

?

67

24

21

Given that the median value is 45 and the total frequency is 230.

(i) Using the median formula fill up the missing frequencies.

(ii) Calculate the modal value of completed table. Hence comment on the shape of

the frequency distribution.

(b) The heights of university students are assumed to be normal random variable. It is

known that 10% of the students have heights under 65 inches and 25% exceed 75

inches. What percentage of students has heights between 60 and 74 inches? (Necessary

*chart 1 is_ attached).

7. () Fifteen students were asked to indicate how many hours they had studied before

taking their statistics examination. Their responses were then matched with their grades

on the exam, which had a maximum score of 100.

Hours, X

0.50

0.75

1.00

1.25]1.50

1.75 | 2.00

2251250

2.75

3.00

3.25|3.50

3.7514.00

Scores, Y

57

64

59

68 | 74

76 | 79

83 | 8

86

88

89

90

94

96

(i) Find the regression equation that will predict a student's score if we know how -

many hours the students has studied.

(ii) Also comment on the correlation of the abové mentioned data. If a student has -

studied 0.25 hours, what is his predicted score?

(b) One prominent physician claims that 25% of those with lung cancer are chain

smokers. If his assertion is correct, find the probability that of (i) 6 and (ii) 14 such

patients recently admitted to a hospital, fewer than half are chain smokers using

binomial distribution and Poisson approximation to the b1nom1al distribution.

.........

(20)

(15)

(18)

17)

(18)

(17)
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8. (a) Suppose that the measured voltage in a certain electric circuit has a normal
' distribution with mean 120 and standard deviation 2. If 3 independent measurements of
the voltage are made, what is the possibility that all three measurements will lie between ,
116 and 118? \ | - (10)
(b) The probability that a married man watches a certain TV show.is 0.25 and the
married woman watches the show is 0.35. A study revealed that for couples where the
husband watches the program regularly, 80% of the wives also wafch regularly. Find
" (i) the probability that a married couple watches the show.
(i) the probability that a husband watches the show given that his w1fe does not.
(c) The mean weekly sale of the BD chocolate bar in candy stores was 153.7 bars per
store. After an advertising campaign, the mean weekly sale in 29 stores for a typical

week increased to 169.4 and showed a standard deviation of 19.7. Was the advertising

successful? Use a 5% level of significance. (Necessary chart 2 is attached). (10)
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, SECTION - A
There are FOUR questions in this section. Answer any THREE.

1. (a) What are Fridel Craft's alkylation and acylation reaction? Discuss their mechanism. (7+7)

(b) How can you synthesize cumene and propyl benzene from benzene? (4+5)
(c) Complete the following reactions showing only the main products. Give reason and |
name them too. - o ‘ (2+4+6)

6] é‘o +CH,CH,Cl1—2<%

(i)

(iii)

H
2 5 Na,Cr,0,
(IV)
A H?

G KMnO,,H*
A

v

Y

COOH
(VI) 1-Cl 5

NH
2. (a) What are heterocyclic compounds? Give the classification of hetefocyciic
compounds, | o @)
(b) Describe a general method of synthesis for pyrrole, furan and thiophene and also
give a commercial method of synthesis for each one of them. 4+9)
- (c) How would you bring the following conversions? : (5x3=1)5)
(1) 2,3, 4, 5-Tetrachloropyrrole from pyrrole
(ii) Pyrrolldlne from pyrrole
(iii) 2-Lithium thiophene from thlophene -
~ (iv) n-Butane from thiophene
(v) Tetrahydrofuran from furan
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(a) What is indigo? Give a commercial-method for the synthesis of indigo.
(b) What happens when indigo is treated with (i) NaOH and (ii) HNO;
(c) Discuss how the structure of pyridine was confirmed? B |
(d) How are the following conversions carried out? Write with reactions.
(i) 2-Aminopyridine from pyridine
(ii) Quinoliniumchloride from quinoline.
(iii) 2-Hydroxyquinoline from quinoline
(iv) Decahydroisoquinoline from isoquinoline
(v) Octaﬁydroindole from indole

(a) What are alkaloids? Give classification of alkaloids.

predict the products.
(c)How can you isolate the alkaloid nicotine from the tobacco plant Nicotiana
tabaccum?

(d) Briefly discuss how the structure of nicotine was established.

SECTION - B
There are FOUR questions in this section. Answer any THREE.

. (a) Write a structural formula for each of the following:

(i) 3-Hexen-1-yne, (ii) (E)-2-Bromo-1-Chloro-1-fluoroethene, (iii) (Z)-3-Methyl-3-
hexene, (iv) Allene. '

(b) Show the energy relations of the different conformations of butane and draw

Newman projections for the anti and fully eclipsed conformations of butane.

(c) Give the synthesis of alkene by using Witting reaction with mechanism.

(d) Write the structures and names of the products expected from the reaction of 2-

methylpropene with:
() O followed by H;O; with H',
- (i) KMnO4(aq) with OH (cold)
(ili) Bry, H,0

(e) Starting with ethyne, outline synthesis of 2-Hexyne. |

(2+5)
(@)

9)
(3x5=15)

2+7)

~ (b) State Hofmann's rule for exhaustive methylation. Apply the rule to piperidine and

(2+8)

Q)
®

C))

(6)
®

(12)

)
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6.

(a) What are the factors that favour SN_1 versus SN? reactions? S 5)
(b) Which product (or products) would you expect to obtain from each of the following ' '
reactions? In each part give the mechanism (SN, SN2, El, or E2) by which each -

product is formed and predict the relative amount of each product. , (18)
(i) CH;CH(Br)CH; + CH;CH20ONa -CLS%S—(C)—%
(ii) (CH3);CCl+ H,0 —»

(c) Give the products that would be formed when each of the following alcohols s

subjected to acid;catalyzed dehydration: (i) 3-Methy1-2—butandl (i) 2-Methyl-2-

propanol. : ’ ' (6)
(d) Give the major and minor products of the d.ehydrohal‘ogenatin of alkylhalides: (6)
| ~ C,H,ONa o
i) CH3;CH,CH(Br)CH 2.3 >
) CHCHLCHECH: - on,25¢
(CH,),COK

i) CHCH,CH(Br)CH >
(@) CHCRLABOCH: o con, 70°¢

(a) Give the classification of Lipids. ' | (6)
(b) What ére the importances. of Lipids iﬁ biological processes? | _' (6)
(c) What do you mean by pheromones and steroids? Give their examples with structure. = (8)
(d) Give the methods of préparation of aniline from benzene and benzoic acid. (4+4) 

(e) Explain why chlorine acts as ortho and para director, where as- COOH acts as meta

director. . ' _ , ' : )

\

(a) What are organohalo benzene compounds? How can you classify them? Give three
methods of preparation of organohalo benzene compounds. ‘ (1+2+6)

(b) In nucleophilic displacement reaction chlorobenzene is less reactive than

 benzylchloride— Explain. : o - (8

(c) How can you synthes'ize TNT and DDT from benzene? o ,, 9
(d) How is heterobenzene reduced depending on the pH of the system? Disc;uss with

examples. ' v )
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