Solution Manual for Chapter – 1
1A.1 Estimation of dense-gas viscosity. 
Table E.1 gives Tc=126.2 K, pc=33.5 atm, and  for N2. The reduced conditions for the viscosity are then:


 
At this reduced state, Fig. 1.3-1 gives approximately . Hence, the predicted viscosity is .

1A.2 Estimation of the viscosity of methyl fluoride. 
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1A.3 Computation of the viscosities of gases at low density. 
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1A.4 Gas-mixture viscosities at low density. 
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1A.5 Viscosities of chlorine–air mixtures at low density. 
Predict the viscosities (in cp) of chlorine–air mixtures at 24°C and 1 atm, for the following mole fractions of chlorine: 0.00, 0.25, 0.50, 0.75, 1.00. Consider air as a single component and use Eqs. 1.4-14 to 16.
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1A.6 Estimation of liquid viscosity. 
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1A.7 Estimation of Momentum flux: 
The velocity is linear so that 

The viscosity of glycerol at 25°C from Table 1.1-3 is 
Substitution into Eq. 1.1-2 gives


1A.8 Estimation of liquid viscosity and Momentum flux:
Use Eq. 1.5-11 with the following information 


Viscosity is given by: 




The velocity is linear so that 

Substitution into Eq. 1.1-2 gives






1B.1 Velocity profiles and stress components 
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1B.2 A fluid in a state of rigid rotation 
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The reported value in Table 1.1-3 is 1.75 x 10~2 mPa-s.

For CHy, M = 16.04, 0 = 3.780‘&, e/k = 154 K. Then at 20°C, xT'/e =
293.15/154 = 1.904 and Q, = 1.197. Equation 1.4-14 then gives

/16,04 x 293.15
(3780)2 x 1.197

=1.07x 107* g/cm's
=1.07 x 107° Pass
=1.07 x 1072 mPa-s.

u=2.6693 x 107°

The reported value in Table 1.1-3 is 1.09 x 10~2 mPa-s.
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The data for this problem are as follows:
Component M 1, poise x 108

1(H,) 2.016 88.4
2(CCLF,) 120.92 124.0
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Insertion of these data into Eq. 1.4-16 gives the foloowing coefficients for mixtures
of Hy and Freon-12 at this temperature:
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Equation 1.4-15 then gives the predicted mixture viscosities:

T = = S = A= B:= A+B=

1—2z, Yap®ip Y apPap T/ Y, w2p2/ Y, Hmix X 10° fobs poise X 10°
0.00 3.934 1.000 0.0 124.0 (124.0) 124.0

0.25 3.200 0.773 6.9 120.3 127.2 128.1

0.50 2.467 0.546 18.1 113.6 131.7 131.9

0.75 1.734 0.319 38.2 97.2 135.4 135.1

1.00 1.000 0.092 88.4 0.0 (88.4) 88.4
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Equation 1.4-14 and Tables E.1, E.2 give the following viscosities at 24 °C (=
273.15+4+ 24 = 297.15K) and 1 atm:

For component 1, (Cly), M; = 70.91, o1 = 4.1151&, e1/k = 357K; hence,
KT /ey =297.15 /357 = 0.832 and Q,,; = 1.754, and

v70.91 X297 15

=2.6693 x 107° — =72
1 Y 115)? x 1.754

=1.304 x 10™* g/cm-s = 0.01304 cp.

For component 2, (air), M; = 28.97, 0 = 3.61710&, ¢1/k = 97.0K; hence, kT'/e1 =
297.03/97.0 = 3.062 and Q,; = 1.033, and

V28.97 X 29715

= 2.6693 x 10~°
H2 * 2 (3.617)2 x 1.033

=1.832 x 10™* g/cm-s = 0.01832 cp.

Eq. 1.4-16 then gives the following coefficients for Eq. 1.4-15 at this temperature:

@1y = &y = 1.0

2
5, = L (1, 1000\ (0.01304) ! /28,97 1
2T /R 28.97 0.01832 70.91

2
B, = L (1, 297 ~1/2 1 (001832 2 170,91\ '/
2T R 70.91 0.01304 28.97

= 1.8360

Equation 1.4-15 then gives the predicted mixture viscosities:

Ty = 21:: 222 A= B := A+ B =

1 -z, Yzsip Y 2pPp /X, Tap2/X;  Hmixep. X 10°
0.00 0.5339 1.000 0.0 0.01832 0.0183

0.25 0.6504 1.2090 0.005012 0.011365 0.0164

0.50 0.7670 1.4180 0.008501  0.006460 0.0150

0.75 0.8835 1.6270 0.011070  0.002815 0.0139

1.00 1.000 1.8360 0.01304 0.0 0.0130
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a. The calculated values for Eq. 1.5-9 at 0°C and 100°C are as follows:

T,K
p, g/ cm®
V= M/p, cm?®/g-mole
Aﬁvap,Tb, cal/g-mole

AUyap 7,/ RT = 8989/1.98721/T

exp ( 0. 408AUvap 1,/RT

N h/ v, g/cm-s

Predicted liquid viscosity, g/cm-s

273.15
0.9998
18.01

8989.
16.560
859.6

222 x 10~
0.19

b. The predicted values for Eq. 1.5-11 at 0°C and 100°C are:

. TK
Nh/V, g/cm-s
exp(3.8T3/T)

Predicted liquid viscosity, g/cm-s

Summary of results:

Temperature, °C

Observed viscosity, centipoise[=]g/cm-sx 100
Prediction of Eq. 1.5-9

Prediction of Eq. 1.5-11

273.15

2.22 x 1074
179.7
0.0398

0
1.787
19.
3.98

373.15
0.9584
18.80

8989.
12.120
140.5
2.12x 107

10.0298

373.15

2.12 x10~4
44.70
0.0095

100
0.2821
2.98
0.95

Both equations give poor predictions. This is not surprising, since the empirical
formulas in Eqgs. 1.5-8 et seq. are inaccurate for water and for other assoc1ated

liquids.




image11.png
a. T, =T, =—ub,and all other 7; are zero.
pv,v, = pb*y?, and all other pv,v; are zero.

b. Ty = Tyx = —2ub, and all other T;; are zero.

pv,0, = pb*y?, pv,v, = pv,v, = pb’xy, pv,v, = Pb*x?, and
all other pv;v; are zero.

c. All 7; are zero
p,0, = pb%y?, pv,v, = pv,v, = -pb’xy, pv,v, = pb*x*
and all other pv;v; are zero.

d. T,y =T, =ub, T,, =-2ub, and all others are zero. the
components of pvv may be given in the matrix:

pov, =1pb’x*  pvo, =ipb’xy  pvv, =-}pbxz

pvv=| pvo, =tob>xy pvo, =1pb’y*  pvv, =-1pb’yz
pvv, =—%pb’xz pvo, =-1pb’yz  pv,v, = pb*2?
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a. A particle within a rigid body rotating with an angular
velocity vector w has a velocity given by v =[w xr]. If the angular
velocity vector is in the +z-direction, then there are two nonzero
velocity components given by v, =-w,y and v, =+w,x. Hence the
magnitude of the angular velocity vector is b in Problem 1B.1(c).

b. For the velocity components of Problem 1B.1(c),

c. In Eq. 1.2-4, we selected only the linear symmetric
combinations of derivatives of the velocity, so that in pure rotation
there would be no viscous forces present. In (b) we see that the
antisymmetric combination is nonzero in a purely rotational motion.




image1.png
a. CH3F has M = 16.04—1.008+19.00 = 34.03 g/g-mole, T, = 4.55+273.15 =

277.70 K, p. = 58.0 atm, and V, = 34.03/0.300 = 113.4 cm®/g-mole. The critical
viscosity is then estimated as

fe = 61.6(34.03 x 277.70)1/%(113.4)~2/3 = 255.6 micropoise
from Eq. 1.3-1a, and
fe = 7.70(34.03)1/2(58.0)%/3(277.7)~1/® = 263.5 micropoise

from Eq. 1.3-1b.

The reduced conditions for the viscosity estimate are T, = (370 +273.15)/277.70 =
2.32, pr = 120/58.0 = 2.07, and the predicted u, from Fig. 1.3-1 is 1.1. The
resulting predicted viscosity is

B= prite =1.1 x 255.6 x 107° = 2.8 x 107 g/cm-s via Eq.1.3-1a, or
1.1 % 263.5 x 107% = 2.9 x 10™*g/cms via Eq.1.3-1b.
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Equation 1.4-14, with molecular parameters from Table E.1 and collision integrals
from Table E.2, gives the following results:

For O: M = 32.00, 0 = 34433;\, e/k = 113 K. Then at 20°C, xT'/e =
293.15/113 = 2.594 and Q,, = 1.086. Equation 1.4-14 then gives

1/32.00 x 293.15

=26 —sy oo 7 A
#8093 X 10 e % 1086
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=202x107* g/cm-s
=2.02x 1075 Pas
=2.02 x 102 mPa-s.

The reported value in Table 1.1-3 is 2.04 x 10~2 mPa-s.

For Np: M = 28.01, 0 = 3.667;\, e/k = 99.8 K. Then at 20°C, xT'/e =
293.15/99.8 = 2.937 and Q, = 1.0447. Equation 1.4-14 then gives

1/28.01 x 293.15
(3.6672 x 1.0447

=172x10"* g/cms
=1.72x 107° Pa-s
=1.72 x 10~2 mPa-s.

u=2.6693 x 107°




