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q conv, 1
‘-':?r;zu:i= 1

q cond, 1
G conv,s

‘-?radzs

@cond? Conduction through a second pane

9eonv.2 Convection from outer surface of single (or second) pane to ambient air

‘-?radj

ds

g V. Yy Double
pane
Ambient Room
air air
Single
pane

g;\\‘ e~y
?con (]
—
?cmr,z Deond, 1
PE— N b
?md 2 o ?Mi !
S a:'m';r le pane

Convection from room air to inner surface of first pane

Net radiation exchange between room walls and inner surface of first pane

Conduction through first pane

Convection across airspace between panes

Net rad. exch. between outer surface of 1stpane and mner surface of 214 pane (across airspace)

Net radiation exchange between outer surface of single (or second) pane and surroundings

Incident solar radiation during day; fraction transmitted to room is smaller for double pane
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(Incropera 1.44 71 Ed. / 1.41 Global)

Radioactive wastes are packed in a long, thin-walled
cylindrical container. The wastes generate thermal
energy non-uniformly according to the relation:

() = g [1 = (1

TO
where ¢ 1s local rate of energy generation per unit volume,
d, 1s constant, and r, 1s radius of container. Container is
submerged in liquid at 7, with convection coefficient 4.

(4.1) Specity the assumptions relevant to the analysis of this problem.
(4.2) Obtain an expression for the total rate at which energy is generated in the container (E g)-

(4.3) Use the result in (4.2) to obtain an expression for the temp. 7, of the container wall.
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Solid body of temp. 7, volume V’, surface area 4, and emissivity ¢ has density p and specific heat
c. The body is placed in air at temp. 7., with convection coefficient /4, and is enclosed by

blackbody surroundings at temp. 7 . Heat 1s generated uniformly inside the body at rate per unit

volume ¢. The body is subjected to uniform heat flux qs// with absorptivity a.

(1) Assume body temp. to be uniform at 7', develop expression for rate of change of body temp.
with time (d7/df) interms of: 7',V , A ,e,p,c, T, ., h, T, ,q, qg/, a , and o.

(2) Obtain expression for convection coefficient # under steady-state conditions.
(3) Under s.s., determine / for body of cubical shape with side length L =3 cm when:
£=0.9, g =5000 W/m?, ¢’ =125 W/m?, T=50°C, T, = 63°C, T .= 10°C, and a = 0.2.
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Cross-section 1n flat-plate solar collector 1s as shown. Collector is
used to heat water by having water flow through tubes attached at
back of thin solar absorber plate. Absorber plate has surface area
of 4 m? with emissivity and absorptivity of 0.9. Surface temp. of
absorber 1s 35°C, and solar radiation is incident on absorber at

500 W/m? with surroundings temp. (7)) of 10°C. Convection h.t.

coefficient at absorber surface is 15 W/m?-K, while air temp. (7))
1s 25°C. Net heat rate absorbed by solar collector heats water

from inlet temp. (7’,) to outlet temp. (7). If water flow rate is 10

ut

g/s with specific heat of 4.2 kJ/kg-K, determine:

(1) rate of heat transfer to water (q,);

(2) temp. rise of water (AT = T,,; — T;5,), and

A
Ad v

Surroundings : 7. .

4

Sun

Air: T, ,h /
9 solar

Absorber plate

Water tubes

\ -
Insulation

(3) efficiency of solar collector (#), which is defined as ratio of usable heat collected by

absorber to incident solar radiation on absorber.

En/Abomede Marei


Ahmed Marei
Signature


Ahmed Marei




)
Evety batane ovpr absarbef plate

Eiv\ - Em +i]= . . :

. ’ % Efn < Eouﬁ
X Yot As = Yy ¥ Pl + Y dov
O‘Iww’rw = X C/"\\SMAS "olaw" W

Tuater = 09%, B - WACT-T6) 26 & I Tuv)

A g Somx 4158 (gs 25) o5 eri Dy 46t )

Ay = £72 -6 w #‘GS


Ahmed Marei
Signature


Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei




. 2 6 d )
N L AL - lee
- lin e mol%%@ﬂz)aa O
3
) Yuabey ) 671-26 . ,90¢) =33-6) #=

IS Almede M are


Ahmed Marei
Signature


Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei



Ahmed Marei




Consider steady heat transfer between two large black parallel plates at 7, = 300 K and

T, =200 K that are L = 1 cm apart. Determine the rate of heat transfer between the
plates per unit surface area assuming the gap between the plates 1s filled with:

(a) still air, (b) evacuated, (c) urethane insulation, and (d) superinsulation.
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Question 1: A wall of temperature 7, thickness L, surface area A4, and surface emissivity € has a
density p and specific heat c. All surfaces of the wall are adiabatic except its left surface which
1s exposed to air at temperature 7., and convection coefficient /4, and 1s enclosed by blackbody

surroundings at temperature 7 . Heat is generated uniformly inside the wall at a rate per unit
//

volume q. The wall 1s subjected to uniform heat flux g’ with surface absorptivity a.

(1.1) Assuming the wall temperature to be uniform at 7, develop an

expression for the rate of change of wall temperature with time

. ) // Heat flux
(dT/dt)yinterms of: T', L ,e,p,c, T, h, T, ,q,qs,a,ando. g/ _
s » & & a

FRRRRRRRRRRRRR

T.
(1.2) Obtain an expression for the surface emissivity & under

steady-state conditions.

(1.3) Under steady-state conditions, determine ¢ of the surface for: L

L=10cm, 2 =10 W/m2K, ¢ = 103 W/m?, q// =250 W/m?, SN

T=60°C, T,=70°C, T, =10°C, and a=0.4.
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1.1 The thermal conductivity of a sheet of rigid, extruded
insulation 1s reported to be k = 0.029 W/m-K. The

measured temperature difference across a 20-mm-thick
sheet of the material is 7, — T, = 10°C.

(a) What is the heat flux through a 2 m X 2 m sheet of T
the insulation?

(b) What 1is the rate of heat transfer through the sheet

ot) of insulation?
W\ =T 0‘027*._\1_ = 14.5 W/W\Q -2;.
010»:) = K L ) g-0?

\ £
b) P=-09, = Tr1¥MS-SFW
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1.2 The heat flux that is applied to the left face of a plane

wall is ¢” = 20 W/m?. The wall is of thickness L = 10 —> [

mm and of thermal conductivity k = 12 W/m-K. If the —>

surface temperatures of the wall are measured to be —>

50°C on the left side and 30°C on the right side, do —> 4
steady-state conditions exist? S.2 26

W\ \

Ozz;v\ = OLV; — S/‘fw S{-a,{‘&~

W W o=Te _ So-30 - Zt'faaa\/\//}'l/"2
Ol’éw\- = l'( ] = "Z* oo |
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1.5 Consider Figure 1.3. The heat flux in the x-direction is
g’ = 10 W/m?, the thermal conductivity and wall thick- .
ness are k = 2.3 W/m-+K and L = 20 mm, respectively, q)\ p W/lma

and steady-state conditions exist. Determine the value of >
the temperature gradient in units of K/m. What is the
value of the temperature gradient in units of °C/m?

\
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-A glass window of width W = 1 m and height H = 2 m
is 5 mm thick and has a thermal conductivity of k, =
1.4 W/m-K. If the inner and outer surface temperatures
of the glass are 15°C and —20°C, respectively, on a
cold winter day, what is the rate of heat loss through the
glass? To reduce heat loss through windows, it is cus-
tomary to use a double pane construction in which
adjoining panes are separated by an air space. If the
spacing is 10 mm and the glass surfaces in contact with
the air have temperatures of 10°C and —15°C, what
1s the rate of heat loss from a I m X 2 m window? The
thermal conductivity of air is k, = 0.024 W/m- K.
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-A freezer compartment consists of a cubical cavity that m
1S 2m on a side. Assume the bottom to be perfectly

insulated. What is the minimum thickness of styrofoam L
insulation (k = 0.030 W/m - K) that must be applied to the
top and side walls to ensure a heat load of less than 500 W,
when the inner and outer surfaces are —10 and 35°C?
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1.11 The heat flux that is applied to one face of a plane wall — ,
. "o p) . . . ON V
i1s ¢" = 20 W/m~. The opposite face is exposed to air at —S>
temperature 30°C, with a convection heat transfer coef- S Tw=Re°¢
ficient of 20 W/m?*- K. The surface temperature of the c’ =% h-2wlmhk
wall exposed to air is measured and found to be 50°C. W
Do steady-state conditions exist? If not, is the tempera- >
ture of the wall increasing or decreasing with time? —>
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1.13 What is the thickness required of a masonry wall having B B
thermal conductivity 0.75 W/m+K if the heat rate 1s to be 1
80% of the heat rate through a composite structural wall > %
having a thermal conductivity of 0.25 W/m-K and a >
thickness of 100 mm? Both walls are subjected to the
same surface temperature difference.
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1.15 The 5-mm-thick bottom of a 200-mm-diameter pan _ " " _
may be made from aluminum (k = 240 W/m*K) or .
copper (k = 390 W/m-K). When used to boil water, 2l
the surface of the bottom exposed to the water 1s nomi-
nally at 110°C. If heat is transferred from the stove to
the pan at a rate of 600 W, what is the temperature T /]\
of the surface in contact with the stove for each of the Goo W
two materials?

1 L q
/'\ - P = T¥ 07 | o034 w
“ i

OL:)(A T_T; T:lq_s(—'—_’
L

boo #0-00S [[M%”L
QYo ¥0-03|Y
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1.18 You’ve experienced convection cooling if you’ve ever
extended your hand out the window of a moving vehi-
cle or into a flowing water stream. With the surface of
your hand at a temperature of 30°C, determine the con-
vection heat flux for (a) a vehicle speed of 35 km/h in
air at —5°C with a convection coefficient of 40
W/m~-K and (b) a velocity of 0.2 m/s in a water stream
at 10°C with a convection coefficient of 900 W/m?* - K.
Which condition would feel colder? Contrast these
results with a heat loss of approximately 30 W/m’
under normal room conditions.

AV Ol,\\ \’\CT' T’) - Yo *CBO“C-S)
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- A wall has inner and outer surface temperatures of 16

— )

and 6°C, respectively. The interior and exterior air tem- [ oy rF < ‘T" - <2
o . . odo ~

peratures are 20 and 5°C, respectively. The inner and h a2k

outer convection heat transfer coefficients are 5 and —l;"-; 16°¢ 0 Qo™

20 W/m?*- K, respectively. Calculate the heat flux from AY, T = 6%

the interior air to the wall, from the wall to the exterior >

air, and from the wall to the interior air. Is the wall

under steady-state conditions?

2

) g W) = 5 (Lo-lg) = WM
(4

V) g e NCT, ) = B #LE-3) < % wlm

2
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B 3%\ —s skt shte
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-An electric resistance heater is embedded in a long

cylinder of diameter 30 mm. When water with a tem- \\
perature of 25°C and velocity of 1 m/s flows crosswise \
over the cylinder, the power per unit length required to \
maintain the surface at a uniform temperature of 90°C \

is 28 kW/m. When air, also at 25°C, but with a velocity
of 10 m/s 1s flowing, the power per unit length required
to maintain the same surface temperature is 400 W/m.
Calculate and compare the convection coefficients for
the flows of water and air.

T = 90°C ¢ Ta=28%C D =%ommw 6%'3%%”‘//’”
oy fov ﬂ».lf\A(Ts’-T.é) >WTol) (T~ Tx)
P-NT0(T-T)) = =m A

:lHldg

h = - YS$To Wim?. )t o=
% 20 #lo75% (G-25)
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The free convection heat transfer coefficient on a thin

hot vertical plate suspended in still air can be deter- 1"“’ %“V
mined from observations of the change in plate temper- \ /
ature with time as it cools. Assuming the plate is

isothermal and radiation exchange with its surround-
ings 1s negligible, evaluate the convection coefficient at
the instant of time when the plate temperature is 225°C [
and the change in plate temperature with time (d7/dr) 1s
—0.022 K/s. The ambient air temperature is 25°C and T g
the plate measures 0.3 X 0.3 m with a mass of 3.75 kg

and a specific heat of 2770 J/kg - K.

%1\ - L‘\:ovd‘ + ﬂ: E‘T
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1.32 Consider the conditions of Problem 1.22. However, now
the plate 1s in a vacuum with a surrounding temperature
of 25°C. What is the emissivity of the plate? What is the
rate at which radiation 1s emitted by the surface?
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1.73 Consider the conditions of Problem 1.22, but the sur-
roundings temperature is 25°C and radiation exchange
with the surroundings is not negligible. If the convec-
tion coefficient is 6.4 W/m?+ K and the emissivity of the
plate i1s & = 0.42, determine the time rate of change of
the plate temperature, d7/dt, when the plate temperature
is 225°C. Evaluate the heat loss by convection and the
heat loss by radiation.
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-A common procedure for measuring the velocity of an

airstream involves the insertion of an electrically heated

wire (called a hot-wire anemometer) into the airflow, \\
with the axis of the wire oriented perpendicular to the 4

flow direction. The electrical energy dissipated 1n N

the wire is assumed to be transferred to the air by forced

convection. Hence, for a prescribed electrical power, the

temperature of the wire depends on the convection coef-

ficient, which, in turn, depends on the velocity of the air. A = 7 D l_

Consider a wire of length L =20 mm and diameter

D = 0.5 mm, for which a calibration of the form / (/—Z
V = 6.25 X 107> h” has been determined. The velocity V A g 77')67 O'S% *

and the convection coefficient 2 have units of m/s and [ -3
W/m?- K, respectively. In an application involving air at o ko
a temperature of 7, = 25°C, the surface temperature of = 2 N /% ( 0"3 qu

the anemometer is maintained at 7, = 75°C with a volt-
age drop of 5 V and an electric current of 0.1 A. What is
the velocity of the air?
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1.26 A square isothermal chip is of width w =5 mm on a
side and 1s mounted 1n a substrate such that 1ts side and

back surfaces are well insulated; the front surface is Coolant | _,, T.., #

exposed to the flow of a coolant at 7., = 15°C. From S w—

reliability considerations, the chip temperature must not / Chip |

exceed T = 85°C. /
L S

If the coolant is air and the corresponding convection
coefficient is A = 200 W/m?- K, what is the maximum
allowable chip power? If the coolant is a dielectric

liquid for which 2 = 3000 W/m?+K, what is the maxi-
mum allowable power?

p- _WACT-T4) - hat (T= )
o :
D < Qoo afsala) H85-15) = 2%V
in oMeleetysc Ma;,,\{Z/—
P = 2000 & (s 4l 59 -15) =525 W

O/ Abomed” Warec
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1.28 An overhead 25-m-long, uninsulated industrial steam \

pipe of 100-mm diameter is routed through a building \y
whose walls and air are at 25°C. Pressuﬁzegll_,steam \
maintains a pipe surface temperature of 150°C, and the N

coefficient associated with natural convection is 2 = 10
W/m? - K. The surface emissivity is £ = 0.8.

(a) What 1s the rate of heat loss from the steam line?

o o
(b) If the steam 1s generated in a gas-fired boiler oper- Tg_\;/\/‘-? 26°C (_[0; =287 C

ating at an efficiency of 7, = 0.90 and natural gas is
priced at C, = $0.02 per MJ, what is the annual
) cost of heat loss from the line?

A, = Ay +9) -ALhCT- )+ (% - T )

?

A =Tp L = Ty lklBxes £ls™ =7.95m
-

[gYas W

% =745 % | b (lso- Zs>+o~8%s'67x/o"gaéé‘4‘2? M)] s
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1.29 Under conditions for which the same room temperature

. L . : . \W\ W
1s maintained by a heating or cooling system, it 1s not % al,v ny
uncommon for a person to feel chilled in the winter but /
comfortable in the summer. Provide a plausible expla- ‘\

nation for this situation (with supporting calculations)
by c0r71§jdering a room whose air temperature i1s main-
tained' §t 20°C through(%ut the year,.[while the walls of
the room are nominally " 27°C and 14°C in the sum-
mer and winter, respectively. The exposed surface of a
person in the room may be assumed to be at a tempera-
T« ture of 32°C throughout the year and to have an emis-
sivity of 0.90. The coefficient associated with heat
transfer by natural convection between the person and

the room air is approximately 2 W/m?- K.

)
Cﬂ\:) = \’\(,T—-' Ea) T (L%LZZ ...9,0') ;WWIW)

Y u,— 0;1 "Z ‘-ZW’ ,
Suwer o) < 4,5[\—)”‘,-‘;“—:) 0 IF5.61H 8 (%65 - T ) 2 288w

1 ?
-7 L('_, ; \‘4 WIW‘
WU Y g T T) - 0TS T #(2 ~287)= T
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1.30 A spherical interplanetary p,gobe of 0.5-m diameter con-
tains electronics that dissipate 150 W. If the probe surface
has an emissivity of 0.8 and the probe does not receive
radiation from other surfaces, as, for example, from the

sun, what 1s its surface temperature? T - l/
(Swyv =

ﬂ "g-ow"t“'('gafa% g

A= TP
Ei) - E&v\.‘*

\1
ISe = fé'AlT \[Y
[so _K _2su Nk

08 5. CT4l Sy o5

Ts =
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