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EXAMPLE 2.2-1.  Units and Dimensions of Force

Calculate the force exerted by 3 Ib mass in terms of the following.
(a) Lb force(English umts)
(b) Dynes (cgs units). =

{(c) Newtons (SI umts)

CQ f- mg 3%«) |3’l,l7"€¥ | b & = 3\t
9. | I'a |37~/‘T%m%

b) f-m BIM, ‘453‘60‘3, 43 M |'°°°m = 1,332 x o olin
\j 7 (\bf{) , 5 | ; 4 j

c F- mg 49 \ A3 m

13.3 )
‘2.20%\);#1\ s*

\

‘\_r _‘
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EXAMPLE 22-2. Pressurein Storage Tank
A large storage tank contains having a density (0.917
g/em?). The tank 1 (120 ft) tall and is vented to the atmos-

phere of 1 atm abs at the top. The tank is filled with oil to a depth o-
(10 ft) and also contam?(zo ft)
nd

Calculate the pressure 1

3.05 m [rom the top of the tank and at
the bottom. Also calculate the gag

ressurc at the tank bottom.

{ ~
\} Pl = ’oo'\' 3»\
3,09 q17vg] 98m | 3.0bm - 2740913
’ 3.66 m3 s? ‘30‘3t
~ The dos B, = Fyaqe + fakm
0.6\ I_ g 2740910 + \0\32)40 = 1123729.43 pa.

¥ in PSa =13. 6%

a@’»:akagJ

B =250 Ghal + Ddker G Muater

N x28x D05 + \ooox o.61x 98 =333B7.13 pg

Cdps = Copge + Pam  =|13470703 pa) = 19.55p5iz
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EXAMPLE 2.2-3. Conversion of Pressure to Head of a Fluid

Given the pressure of 1 standard atm as<101:325kN/m? (Appendix A.1), do
as follows. O el Dles B =8 NPt D

(a) Convert this pressure to'head in'm'water at 4°C.
(b) Convert this pressure to hcaid inmHg at0°C.

1y
g) |.0123xlo pa = (egng._%x I
s
n=10,3% munter

b) lol23x\d = 13545.5 (28 X h or P =090
hﬂazo.ﬂéoM“g_.
27w \I\W = ‘/‘-Ha
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* Whole milk at 293 K having a density of 1030 kg/m? and viscosity of 2.12 cp is
flowing at the rate of 0.605 kg/s in a glass pipe having a diameter of 63.5 mm.

A) Re? P =020 Uy /m’
ViQ(,oSi\'l:\::. 212¢p = 242 x\co-:s ko /ms
moss Hownle = o. 605 g /s

Oiamvb-/r = 635mm 5 63.6 x\o'sm

o R e

mags Yowrale — vohme flowmle udoc'\%

G @=VA
o.605\;3\l n’ = 5%1 xlc:\‘ m3/s ( = | o186 m/

o300\ I

193943 I % (6351 3% m?

—
v o
Re=wvD = 1030 ¢ 0.\}D x 00635 _ | 5707 Tar haletk Plow
J‘/k ')_.\'Zxko's 'T‘(ooo

\o) Calcnlal'& Wlﬁﬂao ml:e in %3_ 7?« a Re = 200 Wlol the dei‘g.

200 = leyo X \ X 0.063b
2-\').X(c:-'3>

& Q= VA
A
0 063x T (00635)% = 2B xlo M
! S
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¥ mass ve\ocib / mass S

A petroleum crude oil havmg a densityrof892:kg/m’ is flowing through the
piping arrangement shown in Fig. 2.6-2 at a total rate of

G reachkion
kg | m? kg
o s | J S
q> G = \_J_\p
G Ueloci\:)

entering pipe 1.

m | U &q
S |\ m3 WV st

EXAMPLE 2.6-1. Flow of Crude Oil and Mass Balance

e

3
2 I/2-in. pipe C
1 . U/2-in. pip - 342 x 138810 = |
—*—h :-
2-in. pipe 3 : 11/2-1n. pipe
: in. pipe - |
pio Mossin = wessouk iy i,
3 !
r \\
@ Q\= Ulnl
Volumé
Yooede
Nominal Outside Wall Inside Inside Cross- -3 [
Pipe Diameter Sched- Thickness Diameter Sectional Area .58 xlo 1o o6\4 m .
Size 1] N ~ < !
(in) in. mm N;:ber in. mm in. mm fi mtx 10* . \0 2\ . 65X|o\\ :. ....... ?-:
—
L 0405 1029 40 0068 173 0269 683 000040  0.3664 R
80 0095 241 0215 546 000025 02341 -\ | :
L0540 1372 40 0088 224 0364 925 000072 06720 Qy 2@y p3'0) M_\(
80 0119 302 0302 7.67 000050  0.4620 cquallyin ca Z (13\v3\e)
3 0675 1715 40 0091 231 0493 1252 000133  1.231
80 0126 320 0423 1074 000098  0.9059
10840 2134 40 0109 277 0622 1580 000211 1961
80 0147 373 0546 1387 000163 LSl
31050 2667 40 0113 287 0824 2093 000371  3.441
80 0154 391 0742 1885 000300 2791
1 1315 3340 40 0.33 338 1049 2664 000600 5574
80 0179 445 0957 2431 000499  4.641
1L 1660 4216 40 0140 356 1.380 3505 001040  9.648 3) Gi=\ ¥
80 0191 485 1278 3246 000891 8275 . FmEEmmommEEEOOTOT .
11) 1900 4826 40 0145 368 1610 4089 001414 @313 o064 xeq2 '57088 hey
80 0200 508 1.500 38.10 001225 11.40 2!
2% 2375 6033 40 0154 391 2067 5250 002330 (2165 ' S-m-
]0 N21R 584 1939 4925 002050 19.05% s et T,

Uomme Rlow r:

of pipes 3. The steel pipes are schedule
40 pipe (see Appendix A.5 or actual dimensions). Calculate the following
using SI units.
(a) The total mass flow rate m in pipe 1 and pipes 3.
(b) The average velocity vin | and 3.
(c) The mass velocity G in 1.

O, ﬁ‘(-'—'\p-(\

o = volume QO\» ke

____________
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EXAMPLE 2.6-2. Overall Mass Balance in Stirred Tank

Initially, a tank contains 500® of salt solution containing salt. At
point (1) in the control volume in Fig. 2.6-5, a stream enters at a constant
flow rate ol 40usgh cuntaining. salt. A stream leaves at point (2) at a
constant rate of Skg/h. The tank is well stirred. Derive an equation relating
the weight fraction w, of the saltin the tank at any time ¢ in hours.

(1) e i e e S g
=1 [l initial GOOIKESAM W= Mg
| solution (1 = 0 ghOgEsait) Mo
( salt) /
control [ i
volume TS / (2)
' 5 kg/h

FIGURE 2.6-5. Control volume for flow in a stirred tank for Example 2.6-2.

—% m
m:loR3/§ W M= 5Wkg /4,

We= 1 AX

w=o0.2 _2 = L nfax+\
ax+b a
Totoh puss blonee = Jdm = 1o -5 =5 sdt mslwe = dwm - oZxlo-W xb
dt dt
m §
gf"’"‘BOH‘ 6F+500 dw = 2- 5w
. . . boo ° OH—
~P U"&‘""V “ +
NG
Aonlk G—"'M < rS m -hoo = 5;’ 5 ds&’ = ol""
=5+ + boo! i Johe
W 4+
:Lln(z—?w)‘] = -‘—\n\Sh‘S&Is
e ol & o

_+((n(2—lcm)— InC2- \0(0.[)): -2 (m (5001'5)') —\n(&oom)

2
= — [ SO
et ( 50 45 i->

O
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2.6-2. Flow of Liguid in a Pipe and Mass Balance. A hydrocarbon liquid enters a
simple flow system shown in Fig. 2.6-1 at an average velocity of 1.282 m/s, where
A; =4.33 x 107* m? and p, = 902 kg/m>. The liquid is heated in the process
and the exit density is 875 kg/m®. The cross-sectional area at point 2 is
5.26 x 107 * m®. The process is steady state. .
(a) Calculate the mass flow rate m at the entrance and exit.
(b) Calculate the average velocity v in 2 and the mass velocity Gin 1.

Ans. (a)m, = m, = 5.007 kg/s,(b) G, = 1156 kg/s- m*

7 7
Vavg = 12D 1 Vave = 7
H|"33 Xlo—s [-‘2 7819-6 X |6-‘}
A= Qoo \.p)_ = 675

e & £  so we aal use volume Bowvale inthe bulare.

a) M, =Jf\)‘nl
~132pr| Q02 [ya3u® ¥ = 5y
Is) i | 5
skeady stake = Mog
' b &
M, =) _E?;_

b) My =V, Ay
Sug| WP ) | ,086 m
151 | 870§ | 5.26 0% ¥ s

1 :-V\(p\

01,292 | 402 U9 5 56,3

3 i o m?

6';7_ = V2 t/g

Lot6m | 3Bk o 490 1
S | m?

Flexcil - The Smart Study Toolkit & PDF, Annotate, Note



This Document has been modified with Flexcil app (Android) https://www.fexcil.com

2.6-7 Mass Balance for Flow of Sucrose Solution. A 20 wt % sucrose (sugar) solution

having a density of 1074 kg/m> is flowing through the same piping system as
‘Example 2.6-1 (Fig. 2.6-2). The flow rate entering pipe 1 is 1.892 m*/h. The flow
divides equally in each of pipes 3. Calculate the following:

(a) The velocity in m/s in pipes 2and 3.

(b) The mass velocity G kg/m?* - s in pipes 2 and 3.

/' Pis condront W lcan use volume Haw b
3 (S e inColane
1,391 3 !
| » 2 1 1/2-in. pipe ) % =%
___,_h il .
—— 2= _\%q2m"
2-in. pipe ‘3-in. pipe 11/2-in. pipe I
3 C;“}
~ R n | 64 !
Nominal QOutside Wall Inside Inside Cross- NZ = 3q617 m/l’\-i
Pipe Diameter Sched- Thickness Diameter Sectional Area LT R A Sy
Size ule
(in.) in. mm  Number  in. mm in. mm f? m? x 10*
. ¥ = ¥y
L0405 1029 40 0068 173 0269 683 000040  0.3664 7 _ | '
L0540 1372 40 0088 224 0364 925 000072  0.6720 R
80  0.19 302 0302 7.67 000050  0.4620
20675 17.15 40 0091 231 0493 1252 000133 1231
80 0126 320 0423 1074 000098  0.9059 P=0,946m°
10840 2134 40 0109 277 0622 1580 000211 1961 I
80 0147 373 0.546 13.87 000163 1511 "~ Y S
3 1050 2667 40 0113 287 0824 2093 000371  3.441 ! :
80 0154 391 0742 1885 000300 2791 \) - 0,946 Wa| =720 m/
1 1315 3340 40 0133 338 1049 2664 000600 5574 V'3 n |'3/’3fy’xta“* A !
80  0.179 445 0957 2431 000499  4.641 —L
11 1.660 4216 40  0.140 356 1380 3505 001040  9.648
80 0191 485 1278 3246 000891  8.275
11 1900 4826 40 0145 368 1610 4089 001414 13.13
80 0200 508 1500 38.10 001225 11.40 \0) G,=+V, 5
2 2375 6033 40 0154 391 2067 52.50 0.02330 21.65
80 0218 554 1939 4925 0.02050 19.05 \oTW ey | 346,7 of =V“'26Xl
21 2875 7303 40 0203 516 2469 6271 003322 3089 J. A { In R
80 0276 701 2323 59.00 002942 27.30 mh
‘ 3.500 8890 @@D 0216 549 3.068 77.92 0.05130
0300 7.62 2900 73.66 0.04587 42.61
31 4.000 1016 40 0226 574 3.548 90.12 0.06870 63.79 _
80 0318 8.08 3364 8545 0.06170 57.35 Gig= 1o Ug l72° 2l =y RS
4 4.500 1143 40 0237 602 4.026 1023 0083840 82.19 m? ot ] W mt,
80 0337 8.56 3.826 97.18 0.07986 74.17
5 5.563 1413 40 0258 6.55 5.047 1282 0.1390 129.1
80 0375 9.53 4.813 1223 0.1263 117.5
6 6.625 168.3 40 0280 7.1 6065 154.1 02006 186.5
80 0432 1097 5761 1463 01810 168.1
8 8.625 219.1 40 0322 8.18 7981 2027 03474 3227

80 0.500 1270 7.625 193.7 03171 2947
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EXAMPLE2.8-2. Momentum Balance for Hartzanral Nozzle
Water is flowing at a rate of ©03954sm/s through a horizontal nozzle

shown in Fig. 2.8-1 and discharges to thes@tmosphereratipoints?. The nozzle
1s attached at the upstream end at point 1 and frictional forces are con-

sidered negligible. The upstream D®igm0i0635»m and the downstream
0:0286"m. Calculate the résultantafore® on the nozzle. The density of the

water is"TOO0KE/ ™
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2.8-1. Momentum Balance in a Reducing Bend. Water is flowing at

through the reducing bend in Fig. 2.8-3. The angle—O (a right-angle bend).

The pressure at poin@2USNI0T At abs. The flow

and the

diameters at points 1 and 2 are 0.050 m and 0.030 m, respectively. Ncglscl—
frietional and gravitattomatforees. Calculate the resultant forces on the bend in

newtons and b force. Use p = 1000 kg/m”.
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EXAMPLE 2.8-4. Friction Loss in a Sudden Enlargement

A mechanical-energy losg occurs when a fluid flows from a small pipe to a
large pipe through an aarupt expansion, as shown in Fig. 2.8-4. Use the
momentum balance and mechanical-energy balance to obtain an expression
for the loss for a liquid. (Hint : Assume that p, = p, and vy = v,. Make a
mechanical-energy balance between points 0 and 2 and a momentum
balance between points 1 and 2. It will be assumed that p, and p, are
uniform over the cross-sectional area.)

expansion flaw. @ @
« momentum balance 1,2 ® |
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2 92.




2.8-3. Force of Water Stream on a Wall. Water at 298 K discharges from a nozzle
and travels horizontally hitting a flat vertical wall. The nozzle has a diameter of
12 mm and the water leaves the nozzle with a flat velocity profile at a velocity of

6.0 m/s. Neglecting frictional resistance of the air on the jet, calculate the force in
newtons on the wall.

ote Puakerak BBU= %64 U3 Awss. —R,=4.09N
m?p

momettumbalace X

=M\, — MY,

Rk = 0 — MY = PO Ay -
Ry = '_ml\)l _ﬂ, qu6 qU‘S ) ( —“— LGoj)?J"{ «“‘)T — R

1 w
Ry =— 676,516 X\6° _ €165 x16° W
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EXAMPLE 2.8-4. Friction Loss in a Sudden Enlargement

A mechanical-energy losg occurs when a fluid flows from a small pipe to a
large pipe through an aarupt expansion, as shown in Fig. 2.8-4. Use the
momentum balance and mechanical-energy balance to obtain an expression
for the loss for a liquid. (Hint : Assume that p, = p, and vy = v,. Make a
mechanical-energy balance between points 0 and 2 and a momentum
balance between points 1 and 2. It will be assumed that p, and p, are
uniform over the cross-sectional area.)
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2.8-3. Force of Water Stream on a Wall. Water at 298 K discharges from a nozzle
and travels horizontally hitting a flat vertical wall. The nozzle has a diameter of
12 mm and the water leaves the nozzle with a flat velocity profile at a velocity of

6.0 m/s. Neglecting frictional resistance of the air on the jet, calculate the force in
newtons on the wall.
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EXAMPLE 2.8-3. Momentum Balance in a Pipe Bend

Fluid is flowing at steady state through a reducing pipe bend, as shown in
Fig. 2.8-3. Turbulent flow will be assumed with {rictional forces negligible.
The volumetric flow rate of the liquid and the pressure p, at point'2 are
known as are the pipe diameters at both ends. Derive the equations to
calculate the forces on the bend. Assume that the density p is constant.

ra, P2

'y, P

g B

o Ry

momentum balance X:

Rx ‘|‘P1H|"' P?_AQ_COSQ = (ﬁz\)z CosE® -—rh, V,

momen\‘()m Jgalance ‘3 :

Ry — BA; Sin® = MV, Sind

R= Jhik' , ©=to %;,



- r

2.8-5. Force of Stream on a Wall. Repeat Problem 2.8-3 for the same conditions
except that the wall is inclined 45° with the- vertical. The flow is frictionless.
Assume no loss in energy. The amount of fluid splitting in each direction along
the plate can be determined by using the continuity equation and a momentum
balance. Calculate this flow division and the force on the wall.

Ans. m, = 0.5774 kg/fs, my = 0.09907 kg/s, — R, = 2.030 N,
—R, = —2030 N (force on wall).

'Rﬁ;Rllgybdt.LwLﬁ-ﬂ”:—
mass balance m,= fhg+(fl3
momentum balance X
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m (2 - (+CoSO) = 2y
My = tm; (| +Co3O)

2
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2

(ﬂ2: O. 6%(1“?0'—“) = OESM ijS
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EXAMPLE 2.8-5. Force of Free Jet on a Curved, Fixed Vane

A jet of water having a velocity of 30.5 m/s and a diameter 0f2.54 x 107 % m
is deflected by a smooth, curved vane as shown in Fig. 2.8-5a, where

2, = 60°. What 1s the force of the jet on the vane? Assume that p =
1000 kg/m’>.

5 V270 Ue\cx.lk‘j: 30-5 ™ /S
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volumc-_\ _z \Z;:—_—\ 0-—- 2.54xlo m
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2.8-6. Momentum Balance for Free Jet on a Curved, Fixed Vane. A free jet having a
velocity of 30.5 m/s and a diameter of 5,08 x 10”2 m is deflected by a curved,
fixed vane as in Fig. 2.8-5a. However, the vane is curved downward at an angle
of 60° instead of upward. Calculate the force of the jet on the vane. The density
is 1000 kg/m>.

Ans. —R,=9428N, —-R, = 1633 N
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% shell balance
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+* momentum badance -

* Equations of motion for the x, y, and zcomponents are obtained:
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(aai +v i;” + vy% + v, ?;) = (a;;” + 6;;3’ + a;;y) - g;” + P gy Drechon
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Equations of Motion for Newtonian Fluids

in cylindrical
coordinates

In rectangular
coordinates

in spherical
coordinates

vy 2
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v, 2
L “ZPE{ 1= i‘ p(V-v)

Shear-stress components for
Newtonian fluids
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* Similar equations are obtained for the y and z components.
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EXAMPLE 3.8-1. Laminar Flow Between Horizontal Parallel Plates

Derive the equation giving the velocity distribution at steady state for
laminar flow of a constant-density fluid with constant viscosity which is
flowing between two flat and parallel plates. The velocity profile desired is

at a point far from the inlet or outlet of the channel. The two plates will be
considered to be fixed and of infinite width, with the flow driven by the
pressure gradient in the x direction.

flow in
top plate x direction
\ o0 bottom plate_~
5 % £ m V Ficure 3.8-1. Flow between two parallel plates in Example 3.8-1.
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EXAMPLE 3.8-2.
Moving

Laminar Flow Between Vertical Plates with One Plate

A Newtonian fluid is confined between two parallel and vertical plates as
shown in Fig. 3.8-2 (W6). The surface on the left is stationary and the other
is moving vertically at a constant velocity vy. Assuming that the flow is
laminar, solve for the velocity profile.
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EXAMPLE 3.8-3. Laminar Flow in a Circular Tube

Derive the equation for steady-state viscous flow in a horizontal tube of
radius ry, where the fluid is far from the tube inlet. The fluid is incompress-
ible and u is a_constant. The flow is driven in one direction by a constant-
pressure gradient.
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(% Z zé \ /ﬁ % o
BZ
6uz 6“
+ p.‘
r ar r 68
Fioure 3.8-3. Horizontal flow in a tube in Example 3.8-3.
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EXAMPLE 3.84. Laminar Flow in a Cylindrical Annulus
Derive the equation for steady-state laminar flow inside the annulus be-

tween two concentric horizontal pipes. This type of ﬂow occurs often In
concentric pipe heat exchangers. " o

velocity profile v 19 v, N 1 @7 : d N
== |r—}+— .
= rar ar r? 2 34* Pg.

FiGuRE 3.8-4. Flow through a cylindrical annulus. d\"
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3.8-4. Velocity Profile in Falling Film and Differential Momentum Balance. A Newto-
nian liquid is flowing as a falling film on an inclined flat surface. The surface
makes an angle of B with the vertical. Assume that in this case the section
being considered is sufficiently far from both ends that there are no end effects
on the velocity profile. The thickness of the film is 8. The apparatus is similar
to Fig. 2.9-3 but is not vertical. Do as follows.
(a) Derive the equation for the velocity profile of v, as a function of x in this
film using the differential momentum balance equation.
(b) What are the maximum velocity and the average velocity?
(c) What is the equation for the momentum flux distribution of r,,? [Hint:
Can Eq. (3.7-19) be used here?]
Ans. (a) v, = (pgd? cos B2u)[1 — (x/8)?)
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L Vo
fp= 55\7 dxd=
fp= o €64b [MUZPL M =1.005X(6°
< P = 839.7

3.10-1. Laminar Boundary Layer on Flat Plate. Water at 20°C is flowing past a flat plate
at 0.914 m/s. The plate is 0.305 m wide.
(a) Calculate the Reynolds number 0.305 m from the leading edge to determine if
the flow is laminar.
(b) Calculate the boundary-layer thickness at x = 0.152 and x = 0.305 m from
the leading edge.
(c) Calculate the total drag on the 0.305-m-long plate.
Ans. (a) Ny, , =277 x 10°(b) & = 0.0029 mat x = 0.305m

Fl) Re = Vo L X 0.aU x 493.7X 0.205

= 277020 <gy|& v
A lLoc5 xlp™3 bxle Laminas
B) Reakop2 Re oY Xxo0.52x 1987 = | 390567
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e e >

\l|6%057
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A.3-13 Thermal Conductivities of Building and Insulating Materials

P

() &
Material m? {*°C) KW/m- K)
Asbestos 577 0.151 (0°C) 0.168 (37.8°C) 0.190 (93.3°C)
Asbestos sheets 889 51 0.166
Brick, building 20 - 0.69
Brick, fireclay 1.00 (200°C) 1.47 (600°C)  1.64 (1000°C)
Clay soil, 4% H,0 1666 4.5 0.57
Concrete, 14 dry 0.762
Corkboard 160.2 30  0.0433
Cotton 80.1 0.055 (0°C) 0.061 (37.8°C) 0.068 (93.3°C)
Felt, wool 330 30  0.052
Fiber insulation
board 237 21 0.048
Glass, window 0.52-1.06
Glass wool 64.1 30 0.0310 (—6.7°C) 0.0414 (37.8°C) 0.0549 {93.3°C)
Ice 921 0 225
Magnesia, 85% 271 0.068 (37.8°C) 0.071 (93.3°C) 0.080 (204.4°C)
208 0.059 (37.8°C) 0.062 (93.3°C) 0.066 (148.9°C)

Oak, across grain 825 15 0.208
Pine, across grain 545 15 0151

Paper 0.130
Rock wool 192 0.0317 (— 6.7°C) 0.0391 (37.8°C) 0.0486 (93.3°C)
128 0.0296 (—6.7°C) 0.0395 (37.8°C) 0.0518 (93.3°C)
Rubber, hard 1198 0 0151
Sand soil
4% H,0 1826 45 1.51
10% H,0 1922 45 216
Sandstone 2243 40 1.83
Snow 539 0 047

Wool 110.5 30  0.036




EXAMPLE 4.1-1. Heat Loss Through an Insulating Wall

Calculate the heat loss per m?- of surface area for an insulating wall com-
posed of 25.4-mi thick fiber insulating board, where the inside temperature
is 352.7 K and the outside temperature is 297.1 K.

9 _Wk BT Loy o O B
—

Fiber insulation

A J,AH_)— _b_x/ board 23721 0048

Glass, window 0.52-1.06

4 _ —ooYp (287.1- 52.7)
A 254

l06.1 w/m

~Thermal CMdUCJfW'l*fj K L9 @B, Random motion _, coliding Jexd'nrgincg heat; mewettu,

* Vsize 1 thamel ondwdivlries.  ( moves fasfer)
x Y, (RN
* Uis indepeflJrC«T of P

bt ot gaccum [k =0

TanLe 4.1-1.  Thermal Conductivities of Some Materials at 101325 kPa (1 Atm)
Pressure (kin W/m- K)

Temp. Temp.

Substance (K} k Ref. Substance (K) k Ref.
Gases Solids
Air 273 00242 (K2) fce 273 225 (C1)
373 00316 Fire claybrick 473 1.00  (P1)
H, 273 0167 (K2) Paper — 0.130 (M1)
n-Butane 273 0.0135 (P2) Hard rubber 273 0.151 (M1)
Liquids Cork board 303 0.043 (M1}
Water 2713 0569 (PI) Asbestos 311 0.168 (M1)
366 0.680 Rock wool 266 0.020 (K1)
Benzene 303 0159  (P1) Steel 291 453 (P1)
333 0151 373 45
Biological materials Copper 273 388 (P1)
and foods 373 T
Olive oil 293 0168 (P1) Aluminum 273 202 (Pl}
373 0164
Lean beef 263 135 cn
Skim milk 275 0538 (C1)
Applesauce 296 0692 (C1)
Salmon 277 03502 (Cl)

248 130
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EXAMPLE4.2-1. Length of Tubing for Cooling Coil

A thick-walled cylindrical tubing of hard rubber having an inside radius of
5 mm and an outside radius of 20 mm is being used as a temporary cooling
coil in a bath. Ice water is flowing rapidly inside and the inside wall
temperature is 274.9 K. The outside surface temperature is 297.1 K. A total
of 14.65 W must be removed from the bath by the cooling coil. How many m
of tubing are needed?

gk S
a — P f, = bom (1= 20mm. __
a v/, Hx [£=7 :

q

¥ {\‘, Q=465
: A= 20l
¥ - -@AT
. 2l ;- ar

Goid 3 Rubber k= oml(w/mWw)
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N L= 0.064 m
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EXAMPLE 43-1. Heat Flow Through an Insulated Wall of a Cold Room

A cold-storage room is constructed of an inner layer of 12.7 mm of pine, a
middle layer of 101.6 mm of cork board, and an outer layer of 76.2 mm of
concrete. The wall surface temperature is 255.4 K inside the cold room and
297.1 K at the outside surface of the concrete. Use conductivities from
Appendix A.3 for pine, 0.151; for cork board, 0.0433; and for concrete, 0.762
W/m - K. Calculate the heat loss in W for 1 m? and the temperature at the
interface between the wood and cork board.

)
Pl mm
) < 6 . caluafete 1) 9
) —_ s 2_)'I'é1'ﬂ§1’%.
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' 2 9 = B-Ttw /ZR.
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The wall of a bakery oven is built of insulating brick 10 cm thick
and thermal conductivity 0.22 J-m-s1-°C-L, Steel reinforcing
members penetrate the brick, and their total area of cross-
section represents 1% of the inside wall area of the oven.

[f the thermal conductivity of the steel is 45 J-m1.s-1.°C-1
calculate
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95 = - 46 Bl 2@.om) =% _A.5ABT “ ~
\Oxl6 lEiIr"‘l
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EXAMPLE 43-4. Heat Generation in a Cylinder

An electric current of 200 A is passed through a stainless stee] wire having a
radius R of 0.001268 m. The wire is L. = 0.91 m long and has a resistance R
of 0.126 €. The outer surface temperature T, is held at 422.1 K. The average
thermal conductivity is k = 22.5 W/m - K. Calculate the center temperature.

5]7_-: =649

s 256X S T
- ©0.o®
B = 200
(= 0.0pol263m 1*R = toatt "\L
/] = o.ql m 2002 X _0.126 = hpio L
—R= 01268 - 2 odlo| o
T = Y2214 Q X Yolume = G, \r‘“l'p
/ 2¢5.9]) — 5040
k=225
T. - ? 4 = Lod6x10 _wim
o2 17

1o . oA o .001268% + 422
U (225)
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EXAMPLE 43-5. Insulating an Electrical Wire and Critical Radius

An electric wire having a diameter of 1.5 mm and covered with a plastic
insulation (thickness = 2.5 mm) is exposed to air at 300 K and h, =
20 W/m? - K. The insulation has a k of 0.4 W/m- K. It is assumed that the

wire surface temperature is constant at 400 K and is not affected by the
covering.

(a) Calculate the value of the critical radius.

(b) Calculate the heat loss per m of wire length with no insulation.
(c) Repeat (b)for the insulation present.

)q)n-., =K _ o\
h 2_5

B) (’*‘) q = WACT-T)
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EXAMPLE 45-1. Heating of Air in Turbulent Flow

Air at 206.8 kPa and an average of 477.6 K is being heated as it flows
through a tube of 25.4 mm inside diameter at a velocity of 7.62 m/s. The
heating medium is 488.7 K steam coudensing on the outside of the tube.
Since the heat-transfer coefficient of condensing steam is several thousand
W/m?-K and the resistance of the metal wall is very small, it will be
assumed that the surface wall temperature of the metal in contact with the
air is 488.7 K. Calculate the heat-transfer coefficient for an L/D > 60 and

also the heat-transfer flux g/A.
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EXAMPLE 4.5-2. Water Heated by Steam and Trial-and-Error Solution

Water is lowing in a horizontal 1-in. schedule 40 steel pipe at an average
temperature of 65.6°C and a velocity of 2.44 m/s. It is being heated by

condensing steam at 107.8°C on the outside of the pipe wall. The steam side

coefficient has been estimated as 4, = 10500 W/m?- K.

(a) Calculate the convective coelficient h; for water inside the pipe.
(b) Calculate the overall coelficient U, based on the inside surface area.
(c) Calculate the heat-transfer rate g for 0.305 m of pipe with the water

at an average temperature of 65.6°C.
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EXAMPLE 4.5-2. Water Heated by Steam and Trial-and-Error Solution
Water is lowing in a horizontal 1-in. schedule 40 steel pipe at an average
temperature of 65.6°C and a velocity of 2.44 m/s. It is being heated by
condensing steam at 107.8°C on the outside of the plpc wall. The steam side
coeflicient has been estimated as 4, = 10500 W/m?- K.

(a) Calculate the convective coe!‘ﬁc:ent h; for water inside the pipe.

(b) Calculate the overall coefficient U, based on the inside surface area.

(c) Calculate the heat-transfer rate g for 0.305 m of pipe with the water

at an average temperature of 65.6°C.
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