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ASSIGNMENT 1 (SOLUTION)

(DUE Friday, January 21° 2011)

PROBLEM 1 (15 points)

At 32°C and 2 bar absolute the specific volume v; of a certain gas was 0.74 m® /kg. Determine
the gas constant R and the density p.

Saolutionc . ) ’
Sitce p = then B = P - P _ 12 % 1094074
1 Pl T (273 + 32) St

LEEnsiiy g0 — _ = TE &

nsiy o o = 07 L35 kp'm

PROBLEM 2 (20 points)

(a) Find the change in volume of 1.00 m® of water at 26.7°C when subjected to a pressure
increase of 20 bar. (b) From the following test data determine the bulk modulus of elasticity of
water: at 35 bar the volume was 1.000 m® and at 240 bar the volume was 0.990 m°.

Solurion: i ) .
i) From Table 1C in the Appendix, E a1 267°C is 224 = 10° Pa. Using formula (121
1 A Moo= 20 = 10°
dow AP M= 20 % W a0 59 m
E 20 e |0
b The definition assecinted with foemula (1 2) indicutes that corresponding changes i pressure and volumes must
be considered, Here an increase in pressure corresponds [0 a decrease in volume.
dp (240 — 35)10°

- —— - = 20% = [0 Pa = 205 (Fa
aeft G0 — | MKk KN

PROBLEM 3 (15 points)

Convert 15.14 poises to kinematic viscosity in m?/s units if the liquid has relative density 0.964.

Snlurion: _ . _ )
The steps illustrated in Problem & may be taken or an additiopal factor may be established fos waler from
I 1514 x 107 .
- Y- T g = —— = 157 = 10U
TRl i 0001 078, Henoe v mom* & yr—T T
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PROBLEM 4 (30 points)

A fluid has absolute viscosity 0.048 Pa s and relative density 0.913.Calculate the velocity
gradient and the intensity of shear stress at the boundary and at points 25 mm, 50 mm, and 75
mm from the boundary, assuming (a) a straight line velocity distribution and (b) a parabolic
velocity distribution. The parabola in the sketch has its vertex at A. Origin is at B.

al

y* e L LR LI ——

Solation:

lad For the straight line assumption. the relation hetween vebocity and distance y
~he velocity gradient is 41 dy = 13

B = 15y, Then d V= 154w, or

Far v =, F = 0, d¥Fafy = 15 sec” ! and
r o pld B ) = D048 = 15 = Q.72 Pa

Simmilarly, for other valwes of v we also obtan 1 = 0,72 Pa.
{#} Theequation of the parabola must satisfy the condition that the velocity ks rero at the boundary B. The equation
of the parabolais ¥V o= 1125 — 20000075 — 3%, Then dF/fdy = HM40073 vl tabwlation of results yickds

the Bsllowing

| I 1 I d ¥y r o= OEEETY d
— i . - -
{ | { kLl 144 Pa
noas | 0625 2 | {196 Pa
R VR I I (4% Pa
I 75 | B3 | 0
L - — —

It will be observed thil where the velogity gradsent is zere (which occurs at the center line of & pipe Mowmg

under pressure, a5 will be seen later) the shear siress is also zero i ; Ty = Pa, 1l
Mote that the uniis of velocity gradient are s~ ", and so the product ¥ idvh = {Pashs Cp o= Fa, the

cormect dimgnsions of shear sLress
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PROBLEM 5 (20 points)

A cylinder of 0.12 m radius rotates concentrically inside of a fixed cylinder of 0.13 m radius. Both
cylinders are 0.3 m long. Determine the viscosity of the liquid which fills the space between the
cylinders if a torque of 0.880 Nm is required to maintain an angular velocity of 2x.

Solutboe

i thr 1 Muid lave & 0 svlimider. Since the gap between the cylinders is
{a) The torgue is transmitted through the Muid layers Lo the outer cylinder. Since the gap ] 3

amall, the caleulation may be made without inlegration

. 1 - i B _ ] ] - - 1 T5
Tuneential velocity of Lthe inner eyfinder = ne = U 12 mH2n rad/'s) L 754 s,

For the small space between cylinders, the velocity gracdsent may b nasumed Lo be & girnight line and the
i M £ ! : .
. " o= o .
mean rodins can be used. Then 4V dy = 7544013 — D12 = 234 Im/skm o &

The Lrgus “I"|r||i|_"-|_| - LB LOFUe resmsiing

(188 = riareakarmb = z3w = 0125 = GINCI25 and =299 Pa

Then o = t/id¥dy) = 299754 = 037 Pa s
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