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ME 375 _ CH3 STERDY HEAT ConducTion - =

3-15C The bottom of a pan is made of a 4-mm-thick alu- Sheet metal
minum layer. In order to increase the rate of heat transfer
through the bottom of the pan, someone proposes a design for
the bottom that consists of a 3-mm-thick copper layer sand-

k % g : Refrigerated
wiched between two 2-mm-thick aluminum layers. Will the space
new design conduct heat better? Explain. Assume perfect con- 3°C

tact between the layers. S

FIGURE P3-15C

3-29 The roof of a house consists of a 3-cm-thick concrete
slab (k = 2 W/m - °C) that is 15 m wide and 20 m long. The
convection heat transfer coefficients on the inner and outer sur-
faces of the roof are 5 and 12 W/m? - °C, respectively. On a
clear winter night, the ambient air is reported to be at 10°C,
while the night sky temperature is 100 K. The house and the in-
terior surfaces of the wall are maintained at a constant temper-
ature of 20°C. The emissivity of both surfaces of the concrete
roof is 0.9. Considering both radiation and convection heat
transfers, determine the rate of heat transfer through the roof,
and the inner surface temperature of the roof.

If the house is heated by a furnace burning natural gas with
an efficiency of 80 percent, and the price of natural gas is
$0.60/therm (1 therm = 105,500 kJ of energy content), deter-
mine the money lost through the roof that night during a 14-h
period.

e
Tyy=100K
T, =10°C
Concrete
Tt 15_[.“

FIGURE P3-29

3-35 The wall of a refrigerator is constructed of fiberglass in-
sulation (k = 0.035 W/m - °C) sandwiched between two layers
of 1-mm-thick sheet metal (k = 15.1 W/m - °C). The refriger-
ated space is maintained at 3°C, and the average heat transfer
coefficients at the inner and outer surfaces of the wall are

N —r

FIGURE P3-35

4 W/m? - °C and 9 W/m? - °C, respectively. The kitchen tem-
perature averages 25°C. It is observed that condensation occurs
on the outer surfaces of the refrigerator when the temperature
of the outer surface drops to 20°C. Determine the minimum
thickness of fiberglass insulation that needs to be used in the
wall in order to avoid condensation on the outer surfaces.

337 Heatis to be conducted along a circuit board that hasa
copper layer on one side. The circuit board is 15 cm long and
15 cm wide, and the thicknesses of the copper and epoxy lay-
ers are 0.1 mm and 1.2 mm, respectively. Disregarding heat
transfer from side surfaces, determine the percentages of heat
conduction along the copper (k = 386 W/m - °C) and epoxy
(k = 0.26 W/m - °C) layers. Also determine the effective ther-
‘mal conductivity of the board.
Answers: 0.8 percent, 99.2 percent, and 29.9 W/m - °C

346 Six identical power transistors with aluminum casing
are attached on one side of a 1.2-cm-thick 20-cm X 30-cm
copper plate (k = 386 W/m - °C) by screws that exert an aver-
age pressure of 10 MPa. The base area of each transistor is
9cm?, and each transistor is placed at the center of a 10-cm X
10-cm section of the plate. The interface roughness is esti-
mated to be about 1.4 m. All transistors are covered by a thick
Plexiglas layer, which is a poor conductor of heat, and thus all
the heat generated at the junction of the transistor must be dis-
sipated to the ambient at 15°C through the back surface of the

. copper plate. The combined convection/radiation heat transfer

coefficient at the back surface can be taken to be 30 W/m? - °C.
Ifthe case temperature of the transistor is not to exceed 85°C,
determine the maximum power each transistor can dissipate
safely, and the temperature jump at the case-plate interface.

FIGURE P3-46
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368 Steam at 320°C flows in a stainless steel pipe k=

3-52 A 4-m-high and 6-m-wide wall consists of a long i
15 W/m - °C) whose inner and outer diameters are 5 cm

18-cm X 30-cm cross section of horizontal bricks (k = 0.72 N Lo ) . X
W/m - °C) separated by 3-cm-thick plaster layers (k=022 5.5 cm, respectively. The pipe is covered wuh_3-cm-th|ck glass’ X
wool insulation (k = 0.038 W/m - °C). Heat i lost to the sur-

Wi/m - °C). There are also 2-cm-thick plaster layers on each 4 s <
side of the wall, and a 2-cm-thick rigid foam (k = roundings at 5°C by natural convection and radiation, with

0.026 W/m - °C) on the inner side of the wall. The indoor and a combined natural convection and radiation heat transfer >
the outdoor temperatures are 22°C and —4°C, and the convec- efficient of 15 W/m? - °C. Taking the heat transfer coefficient
tion heat transfer coefficients on the inner and the outer sides inside the pipe to be 80 W/m? - °C, determine the rate of hest
are h; = 10 W/m? - °C and h, = 20 Wim? - °C, respectively. Joss from the steam per unit length_of the pipe. Also_detem
Assuming one-dimensiona] heat transfer and disregarding radi- the temperature drops across the pipe shell and the insulation
ation, determine the rate of heat transfer through the wall.

Foam 378E Steam exiting the turbine of a steam power plant at

sl 100°F is to be condensed in a large condenser by cooling water

flowing through copper pipes (k = 223 Btwh - ft - °F) of inner
diameter 0.4 in. and outer diameter 0.6 in. at an average
temperature of 70°F. The heat of vaporization of water at
100°F is 1037 Btw/lbm. The heat transfer coefficients are 1500
Btwh - ft2 - °F on the steam side and 35 Buwh - ft? - °F on the
water side. Determine the length of the tube required to con-
dense steam at a rate of 120 Ibm/h. Answer: 1148 ft

Steam, 100°F
120 Ibm/h

.

FIGURE P3-52

Cooling
water

3-70 ‘9‘ p. A 50-m-long section of a steam pipe whose outer

& diameter is 10 cm passes through an open spact
at 15°C. The average temperature of the outer surface of the
pipe is measured to be 150°C. If the combined heat transfer co-
efficient on the outer surface of the pipe is 20 W/m? - °C, de-
termine (a) the rate of heat loss from the steam pipe, (b) the

Liquid water

annual cost of this energy lost if steam is generated in a natural FIGURE P3-78E

gas furnace that has an efficiency of 75 percent and the priceof 3.107 The case-to-ambient thermal resistance of a power
natural gas is $0.52/therm (1 therm = 105,500 kJ), and (c) the transistor that has a maximum power rating of 15 W is given to
thickness of fiberglass insulation (k = 0.035 W/m - °C) needed be 25°C/W. If the case temperature of the transistor is not to
in order to save 90 percent of the heat lost. Assume the pipe exceed 80°C, determine the power at which this transistor can
temperature to remain constant at 150°C. be operated safely in an environment at 40°C.

3-110 4 Steam in a heating system flows through tubes whose
outer diameter is 5 cm and whose walls are maintained at a
temperature of 180°C. Circular aluminum alloy 2024-T6 fins
(k=186 W/m - °C) of outer diameter 6 cm and constant thick-
ness 1 mm are attached to the tube. The space between the fins
is 3 mm, and thus there are 250 fins per meter length of the
tupe. Heat is transferred to the surrounding air at 7, = 25°C,

}’ll!h a heft ltlxansfer coefficient of 40 W/m? - °C. Determine lht;
increase in heat transfer from the tube i

aresult of adding fins.  Answer: 26§;rmll'n=l=r St

Fiberglass
insulation

FIGURE P3-70

FIGURE P3-110
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\, 3-1_SC The new design introduces the thermal resistance of the copper layer in addition to the thermal
resistance of the aluminum which has the same value for both designs. Therefore, the new design will be a
poorer conductor of heat.

3-29 The roof of a house with a gas furnace consists of 3-cm thick concrete that is losing heat to the
outdoors by radiation and convection. The rate of heat transfer through the roof and the money lost through
the roof that night during a 14 hour period are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The emissivity and thermal conductivity of the roof are
constant.

Pmpem’e’s The thermal conductivity of the concrete is given to be Ty = 100K
k=2 W/m-°C. The emissivity of both surfaces of the roof is given
to be 0.9. T

Analysis When the surrounding surface temperature is different L=15cm
than the ambient temperature, the thermal resistances network
approach becomes cumbersome in problems that involve radiation.
Therefore. we will use a different but intuitive approach.

T;=20°C

-In steady operation, heat transfer.from the room to the
roof (by convection and radiation) must be equal to the heat
transfer from the roof to the surroundings (by convection and I
radiation), that must be equal to the heat transfer through the roof: '
by conduction. That is,

Q= Orom o oo, conv4ras = Droaf;cond = Croof tosuroundings, conv-+rad

Taking the inner and outer. surface temperatures of the roof to be Ty and T, , respectively, the quantities
above can be expressed as :

Croamorost.comvard = ATrpan =T )+ EACT pn =T, 1) = (5 Witn? SC)(300m?)(20-T, ,C.
+(0.9)(300m?)(5.67%107* W/m> K * )[(20+z73 K)* = (1, +273 Kr‘]

. LT, Ty =T,
Grosreons = KA T _ 0 10 300 2y Toin =T
r0of d
i L 0.15m

Cusatosur comerat = ho AT, s = o)+ EAC(T, " = Ty ) = (12 W/ m*.2CY300 mP)(T, , ~10)°C

+(09)(300 m?)(567 %1078 W/ mzx‘)[(r:_w, +273K)* - (100 K)‘]

Solving the equations above simultaneously gives
0=37440W,T,, =7.3°C,and T, ,,, =-2.1°C
The total amount of natural gas consumption during a 14-hour period is

_ Qua _ OAt _ (37.440KJ/5)(14x36005) (1 therm
0.80 080 080 105,500 kI

Finally, the: nioney lost through the roof during that period is
Money lost = (22.36 therms)($0.60/ therm) = $13.4

Qpos J =22.36 therms

ers of

ulation sandwiched between two 0
tructed of fiberglass inst o

. i is cons! ; i
S:35 Thic walllofie te TIEStE s < f insulation that needs to be used in the wall in order to

sheet metal. The minimum thickness of d S
i 1 is to be determined.
condensation on the outer surfaces is to o
i i i e temperatures of the foo

) Assumptions 1 Heat transfer through the refrigerator wall§ is steady sxznlc{e lt\lmnsfzr Rt

compartment and the kitchen air remain constant at the specified values. 2 Hea S

3 Thirmnl conductivities are constant. 4 Heat transfer coefficients account for the radiation b -

| 0.035 W/m-
Properties The thermal conductivities are given to be k = 15.1 ‘W/m-°C for sheet metal and )

for fiberglass insulation.




[image: image4.jpg]CAT3 /o0~ SSLPrJulo <~

Analysis The minimum thickness of insulation can be determined

35 Cont by assuming the outer surface temperature of the refrigerator to be

. 10°C. In steady operation, the rate of heat transfer through the

> refrigerator wall is constant, and thus heat transfer between the

! room and the refrigerated space is equal to the heat transfer

between the room and the outer surface of the refrigerator.
Considering a unit surface area,

B

* | insulation

! Q=h AT, ~T. )= (O W/m.oC)(I m?)25-200°C=45w ‘Mm@ | L | jJmm
Using the thermal resistance network, heat transfer between the T N
room and the refrigerated space can be expressedas - - 1 : fo
Tr(mm —'Tre[n'g :
Rmtal Ri Rl Rins R3 R"
. i Feoom — Trefn‘ T:mom _M- Tretii
Q/A= :
1 ( LJ ( LJ 1
—+2 = + = +—
. hﬂ k metal k insulation hi
Substituting,
45W/m” = 1 ST (23-3°C
" x000l m o L 1

+
9W/m2.°C 151 W/m2.°C 0035W/m*.°C 4 W/m?.°C
. Solv ing for L, the minimum thickness of insulation is determined to be

L =0.0045m=0.45 cm
3-37 Heat is to be conducted along a circuit board with a copper layer on one side. The percentages of heat

conduction along the copper and epoxy layers as well as the effective thermal conductivity of the board are
to be determined.

’\) Assumptions 1 Steady operating conditions exist. 2 Heat transfer is one-dimensional since heat transfer
., from the side surfaces is disregarded 3 Thermal conductivities are constant.
Properties The thermal conductivities are given to be k = 386 W/m-°C for copper and 0.26 W/m-°C for
epoxy layers.
Analysis We take the length in the direction of heat transfer to be L and the width of the board to be w.
Then heat conduction along this two-layer board can be expressed as

s . AT ATY . AT
Q = Qcoppcr + eroxy = (MT] + (kA _) = [(kt)copper + (kt)epoxy ]WT
copper

epoxy
Heat conduction along an “equivalent” board of thickness t = f.opper + fepony and thermal conductivity k. can
be expressed as
. AT ‘ AT
g= (kA— = kcﬁ' (tcopper +tepoxy w L
board
Setting the two relations above equal to each other and solving for the effective conductivity gives

_ (kt)copper + (k1)

k o (teapper *+ Eepoty) = (k) copper + (K cpoxy sk = i
tcoppcr +tepoxy Copper
Note that heat conduction is proportional to. kz. Substituting, the fractions of heat conducted along /
copper and epoxy layers as well as the effective thermal conductivity of the board are determined to be 3 ,
(K1) copper = (386 W/ m.°C){0.0001 m) = 0.0386 W/°C : ! o [ P
(kt) gy = (026 W/ m.®C)(0.0012 m) = 0.000312 w/ieC . N
~ (k) orat = (k) copper + (k) gpary = 00386 +0.000312 = 0038912 W/°C o
) ke . 0: : &
L = (k1) poxy _ 0000312 0008 = 0.8% &,
7 (kt)pm 0038912 — D tepoxy
kt - 4 i
fcapper = ( )(”PP" = 00386 = 0.992 = 99-2% = *
(kt) e 0038912
and i (386x0.0001+026x00012) W/°C _ 29.9 W /m.cC
(0.0001+0.0012) m Q
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3-46 Six identical power transistors are attached on a copper plate. For a maximum case temperature of
85°C, the maximum power dissipation and the temperature jump at the interface are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Heat transfer can be approximated as being one-
dimensional, although it is recognized that heat conduction in some parts of the plate will be two-
dimensional since the plate area is much larger than the base area of the transistor. But the large thermal
conductivity of copper will minimize this effect. 3 All the heat generated at the junction is dissipated
through the back surface of the plate since the transistors are covered by a thick plexiglas layer. 4 Thermal
conductivities are constant.

Properties The thermal conductivity of copper is given to be k = 386 W/m-°C. The contact conductance at
the interface of copper-aluminum plates for the case of 1.3-1.4 um roughness and 10 MPa pressure is & =
49,000 W/m*-°C (Table 3-2).

Analysis The contact area between the case and the plate is given to be 9 cm?, and the plate area for each

transistor is 100 cm?. The thermal resistance network of this problem consists of three resistances in series
(contact, plate, and convection) which are determined to be

: ! =00227 °C/W

Reoniaer = 7——= —
comact " p A, (49,000 W/ m>.°C)9x10™* m?)
Roae i 002m ___ _gp031°C/W o Plate
" KA (3836 W/m.°C)(0.01 m”) -
R == L =3333°C/W i
convection hoA (30 W/ m2.°C)(O.Ol m2) . e .
The total thermal resistance is then : ; : . Q
Rt = Reontact + Rptate + Reonvection = 00227 +0.0031+ 3333=3359°C/W ' _J '
. ;f.'....'.,"‘.. .
Note that the thermal resistance of copper plate is very small . T
and can be ignored all together. Then the rate of heat transfer is :
determined to be Rcomact Rnlale Rconv
-15)° Tease L.
AT _ GS19°C gy S

0= —=330°C/w

Therefore, the power transistor should not be operated at power levels greater than 20.8 W if the case
temperature is not to exceed 85°C.

The temperature jump at the interface is determined from
AT, perace = ORconacr = (208 W)(0.0227 °C/ W) =0.47°C

which is not very large. Therefore, even if we eliminate the thermal contact resistance at the interface
completely, we will lower the operating temperature of the transistor in this case by less than 1°C.
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3.52 A wall consists of horizontal bricks separated by plaster layers. There are also plaster layers on each
side of the wall, and a rigid foam on the inner side of the wall. The rate of heat transfer through the wall is
‘o be determined.

eat transfer is steady since there is no indication of change with time. 2 Heat transfer

Assumptions 1 H
t. 4 Heat transfer by radiation is

through the wall is one-dimensional. 3 Thermal conductivities are constan

disregarded.

Properties The thermal conductivities are given to be k = 0.72 W/m-°C for bricks, k = 0.22 W/m-°C for

plaster layers, and k = 0.026 W/m-°C for the rigid foam.

Analysis We consider 1 m deep and 0.33 m high portion of wall which is representative of the entire wall.
The thermal resistance network and individual resistances are

T‘”l
foom  Plaster
1 1 .
R =Ry =—= - —=0303°C/W
TTHA T (10 W/m2.°C)(033x 1 m?)
R = Rppom == = 002 m —=233°C/W
KA (0026 W/m.°C)(033x1m?)
Ry = Rg = Ryjosier = C W 002 m - =0303°C/W
Plaser = %A (022 W/ m.°C)(0.30x1 m?)
Ry=Rs= Rplmlzr = L = glom 3 =5455°CI/W
Plaster e A (022 W/ m.°C)(0.015x1 m?)
Ry =Ry === g6 _=0833°C/W
KA (072 W/m.°C)030x1 m?)
R, = Roppn =—= - —=0152°C/W
2" hA  (20W/m.°C)(033x1m?)
SN TPV L SPORE SN S >R, =081°C/W
R, R, R, R, 5455 0833 5455

= R+ R, +2Ry + Ryig + R, =0303+2.33+2(0303) +081+0.152
=4201°C/W

R

totai

The steady rate of heat transfer through the wall per 033 m? is

B Tul _,7;2 _ [(22 _(—4)]OC =619 W

e= Ry  420°C/IW.

Then steady rate of heat transfer through the entire wall becomes

: (4x6)m?
o = (619 W)——— =450 W
Qoo = o ,

3-6 . - - 3 . . - _ ;
TheSr:; :tct’:?r: ptu:e cof\-/ered with 3-cm thick glass wool insulation is subjected to convection on its surfaces
eat transter per unit length and the temperature drops a i i i .
. Cross
oo T Al I 2 p p the pipe and the insulation are to

Assumzljzans 1 Heat Fransfer is s‘teady since there is no indication of any change with time. 2 Heat transfer

Zisir::g;) lm;:n;l}c‘)nal sllnce (tihere is thermal symmetry about the center line and no variation in the axial
n. ermal conductivities are constant. 4 The ther i i

ti . mal contact resi i

il stance at the interface is

(4 l v V = W - T = w . T

Analysis The inner and the outer surface areas of the insulated pipe per unit
length are

A; = 7D, L = 2(0.05 m)(1 m) = 0157 m?

A =mD I — m/ONKE 1 NNL N1 =N _AScy 2
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The individual thermal resistances are =! JV\NV\M_WWW\’W—'VWV\N\F

. 1 1
. Ri = = = =0.08°C/W
. hA; (80 W/m?.°C)(0.157 m?)
In(ry / ry) In(2.75/2.5)
R = ' e —3 2 l = = °
L T L 2205 WimeO)(Im) - 001017 W
In(ry 7 1y) In(5 75/2.75)
R2=R' sulation = o = = °
il 27,1 27(0.038 Win Cytmy 0 W
R I 1
=0.1847°C/W

o~ = 2 2
koA, (15 W/m?.°C)(0.361 m-)
Rioat =R; + R + Ry + R, =0.08+0.00101+3.089 +0.1847 = 3.355°C/W

Then the steady rate of heat loss from the steam per m. pipe length becomes

o T -T., (320-59°C
O=—=l—=2 - =939
Row  3355°C/W W

The temperature drops across the pipe and the insulation are
AT, = OR,,, = (939 W)(0.00101 °C/ W) = 0.095°C
AT;'n:ulmion = QRin:ulmion = (939 W)(3 089 °C/ W) =290°C

3-70 A 50-m long section of a steam pipe passes through an open space at 15°C. The rate of heat loss from
the steam pipe, the annual cost of this heat loss, and the thickness of fiberglass insulation needed to save 90

percent of the heat lost are to be determined.

Assumptions 1 Heat transfer is steady since there is no indication of any change with time. 2 Heat transfer
is one-dimensional since there is thermal symmetry about the center line and no variation in the axial
direction. 3 Thermal conductivity is constant. 4 The thermal contact resistance at the interface is negligible.
5 The pipe temperature remains constant at about 150°C with or without insulation. 6 The combined heat
transfer coefficient on the outer surface remains constant even after the pipe is insulated.

Properties The thermal conductivity of fiberglass insulation is given to be k = 0.035 W/m-°C.
Analysis (a) The rate of heat loss from the steam pipe is

A, =mDL=x(0.1m)(50m) =15.71m*

Opare = My A(T, =T, ) = (20 W/m>.°C)(15.71m? )(150 - 15)°C = 42,412 W

(b) The amount of heat loss per year is

0 = OAr = (42.412 kJ/5)(365 x 24 x 3600 s/yr) = 1.337 x 10° Kl/yr

The amount of gas consumption from the natural gas furnace that has an efficiency of 75% is

_ 1337x10° kJ/yr( 1 therm

= =16,903 therms/yr
Qgas 075 105,500kJJ S

The annual cost of this energy lost is

Energy cost = (Energy used)(Unit cost of energy)
= (16,903 therms/yr)($0.52 / therm) = $8790/yr

(¢) In order to save 90% of the heat loss and thus to reduce it to 0.1x42,412
=4241 W, the thickness of insulation needed is determined from

Then the thickness of insulation becomes

Q- = T: _Tair - TS _Tf"" ‘
insulared R +R. - 1 In( ry / "1) Rinsulation R,
0 insulation  _~ L 22 17 T, T
hA, 27l WA
Substituting and solving for r,, we get o : '
(150-15)°C »r, =0.0692m

4241w = 1 N In(r, 70.05)
(20 W/mZ °C)[(22w, (50 m)]  272(0.035 W/m.°C)(50 m)

1.92cm

6.92-5

tinsulalion =n—n
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3.78E Steam exiting the turbine of a steam power plant at 100°F is to be condensed in a large condenser by
cooling water flowing through copper tubes. For specified heat transfer coefficients, the length of the tube
required to condense steam at a rate of 400 Ibmv/h is to be determined.

Assumptions 1 Heat transfer is steady since there is no indication of any change with time. 2 Heat transfer
is one-dimensional since there is thermal symmetry about the center line and no variation in the axial
direction. 3 Thermal properties are constant. 4 Heat transfer coefficients are constant and uniform over the

surfaces.

Properties The thermal conductivity of copper tube is given to be k = 223 Bu/h-fi°F. The heat of
vaporization of water at 100°F is given to be 1037 Buw/lbm.

Analysis The individual resistances are
A, = 7D, L =7(04/12 fi)(1 f) = 0.105 ft*

4, =D, L =m(06/12 fi)(1 f)) = 0157 ft*
1 1

— = =027211°FBu
hA;  (35Bwh.fi® °F)(0.105ft*)
BLU LR i3 o) =0.00020 h°F/Ba

piee =" om  2m(223Bwh.ftF)(1ft)

Ry= = zl — =0.00425h°F/Btu
hyA, (1500 Buwh.ft®.°F)(0.157 ft*)

Ryt =Ri+Rpipe +Ro = 0.27211+0.00029+0.00425 = 0.27665 h°F/Btu

The heat transfer rate per ft length of the tube is

Ty ~Ter
R,

Lo
_(100-70°F _, e 44Bruh
0.27665°F/Btu

0=
total
The total rate of heat transfer required to condense steam at a rate of 400 Ibm/h and the length of the tube
required is determined to be

Oyt = sy = (1201bm/h)(1037 Buylbm) = 124,440 Buvh

Qow 124840 44581

Tube length =
108.44

3.107 The maximum power rating of a transistor whose case temperature is not to exceed 80°C is to be
determined.

Assumptions 1 Steady operating conditions exist. 2 The transistor case is isothermal at 80°C.

Properties The case-to-ambient thermal resistance is given to be
20°C/W.

Analysis The maximum power at which this transistor can be operated
safely is

AT Tue-T. _(80-40)°C _

= 1L6W
25°C/W

Regseambient  Rease-ambient
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3-110 Circular aluminum fins are to be attached to the tubes of a heating system. The increase in heat
transfer from the tubes per unit length as a result of adding fins is to be determined.

Assumptions 1 Steady operating conditions exist. 2 The heat transfer coefficient is constant and uniform
over the entire fin surfaces. 3 Thermal conductivity is constant. 4 Heat transfer by radiation is negligible.

Properties The thermal conductivity of the fins is given to be k = 186 W/m-°C.
Analysis In case of no fins, heat transfer from the tube per meter of its length is 180°C
Apofin = 7D, L= 7(005 m)(1 m) = 01571 m*

2

Orotin = Mgo n (T, = T..) = (40 W/ m*.°C)(0.L571 m?)(180-25)°C = 974 W

The efficiency of these circular fins is, from the efficiency curve,

L=(D, - D;)/2=(0.06 -0.05)/2=0.005m

/2 _003+000U2) _ ) e
F 0.025 : &

20
(L+LJJE=(O.005+O'OOIJ doWmiec o
2Nkt 2 )Y (186 Wim°C)(0.001 m)

Heat transfer from a single fin'is
Ao =27(r, = 2) + 2yt = 277(0.03% - 0.0257) + 272(0.03)(0.001) = 0.001916 m?
Qﬁn =ln Qﬁum =15 hAgy (T, —T..)
=0.97(40 W/m?.°C)(0.001916 m*)(180 — 25)°C
=11.53W
Heat transfer from a single unfinned portion of the tube is
Ayngn =7D;s = 7(0.05 m)(0.003 m) = 0.0004712 m?
Ountin =hAyga (T, —T..) = (40 W/m?.°C)(0.0004712 m*)(180 — 25)°C = 2.92 W

There are 250 fins and thus 250 interfin spacings per meter length of the tube. The total heat transfer from
the finned tube is then determined from

Qlom],(m = H(Qﬁn + Ounin ) =250(11.53+2.92) =3613 W

Therefore the increase in heat transfer from the tube per meter of its length as a result of the addition of the
fins is

ease = Ouatn = Oporn =3613-974=2639 W





