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Chapter 1. A&

- 498 (thermodynamics) oma 1
BY gAY At AT FEEe A '/\
el ) 2
, : —> ¢
m : :
C%O L )— a - me(TTy)
D : 'T\ ;
oMM
- @ A< (heat transfer) : q (W = J/s))

EA| Atoleo] ZEAbe] o]a A dojih= AUy A] olFS HF
Jej el WstE A7k 2 e
G4l W = J/s

1. A= <9 A<D (conduction heat transfer) : LA =& AXA A Y A<
o) A" (freezing of water), ¥ %3} (burning of skin)

—> X
X1 X2

q—>

T1 T2

A" ox q:*kA— Fourier®] &%= 4

Xo > x4 Wl T, > Ty o]B=E () : €93 A2 =2 & w5317 93

k : ¥ =% (thermal conductivity, W/m-K) -€o] dwrj} we] s=2=7F YERY

AT 1, — T .
q= —kAT - = —k4 ;_xl DRl S5 ATE ZFobd
2 1

=

1.2 € 4 == (thermal conductivity), k

Fourier H# o2 R Aoz Fata, Ao wet gho] 4.
T Azl k ~ £f(T)

o @A X9 7]% (mechanism)

- Zh2O1A) 2 7IAEAe] EFUAE VA ko #H$-H



Kgas ~ \/m

- HA A ddG V) Ho] sy EX B
Kiguia ~ weak f(T)

- 1A AR E, AR oE
Keoia ~ weak f(T)

¥ A 2 good electrical conductor(or insulator) — good heat conductor(or insulator)

Figure 1-4 | Thermal conductivities of some typical gases
[1W/m-°C =0.5779 Btu/h - ft -°F].
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410

385

202
93
73
43
35
16.3

2300
41.6
4.15

2.08~2.94

1.83
0.78
0.17
0.059
0.038
2.22

8.21

0.556
0.540
0.147
0.073

0.175
0.141
0.024
0.0206
0.0146

237
223
117
54
42
25
203
94

1329
24
24

1.2~1.7
1.06
0.45
0.096
0.034
0.022
1.28

4.74

0.327
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0.042
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0.0139
0.0119
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<HHAFAEA> - 124

g= qdV = ¢qAdx

¢ e AT LA (W/md)

Ox-+dx

Sojerd = Yrhed

Solot AR ¢ YRWAY = bt AR ¢+ YRFEAY

qx +qg p— qm+d:1: + qZ . . . . . . . . . . . . . . . . . . . . . . (1.1)

oT

7| A E— il

A7NA g, kA=~
. aT
q, = qAdz, qi:mcg7 o] 7] of] A m = pAdx,

9+ de — 4z + iz = 9z + Z_zdx - kAa_T_ Ai(kﬂ)dl'

ox ox ox
olAl glel AEL ALl s,

-
ox

— kAﬂ— Ai(kza—T)da: + pcAﬂdx
ox ox ox ot

o 8T, - _ | oT
Sl = e 2

BAY €Ax4)
k = constant¥d 7%

9:T  9:T BT
2

':__..................(1.33)

s e =d Som sy 2

KeR
uro pe (thermal heat capacity : &
= A2 ou A9 &9 ALY &

N T
>
oo
L
ks
i
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=)
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A, Aoz Bl B oy 7t drdel ALgH



- Steady-state one-dimensional conduction without heat sources

T _

dx’

0

0

- Steady-state one-dimensional conduction without heat sources

in cylindrical coordinates
0*T 18T
R
or r or

0

- Steady-state one—dimensional conduction with heat sources

&T g
dx2+ =0

- Steady-state two—dimensional conduction without heat sources

d2T+ T _

0
da? dy2

<LEFFHIEA>

Z A

0'T 10T 1 0°T 9T g 10T
8r2 r o or 7’2 8¢2 82;2 k o Ot



<THEA>

Z A

y
X
1 02 1 o ,. 0T 1 92T, q_ 10T
roar? rT)+ rsinf 90 (sinf o0 o rsin’0 o ko ot (1.3¢)
2. 7 <9 d < (convection heat transfer) : FAFZo 93 dAZ

175 (W/m* C) or (W/m*K) — Ag* o= 3}3 Table 1.3 %

W5 7FEE HH fol 9 updo] S+ A
g5 7lEd Hd Yol o5 vkl gl A -$-(still air)



Table 1-3 | Approximate values of convection heat-transfer coefficients.

Mo = - - . ‘]Wlm"fy’-":’d‘f'  Btu/h-ft2.°F

Free convection, AT = 30°C
Vertical plate 0.3 m [1 ft] high in air 45 0.79
Horizontal cylinder, 5-cm diameter, in air 6.5 1.14
Horizontal cylinder, 2-cm diameter,
in water 890 157
Heat transfer across 1.5-cm vertical air ‘
gap with AL=60°C 2.64 0.46
Fine wire in ai@ 0.02 mm, AT =55°C 490 86
Forced convection
Airflow at 2 m/s over 0.2-m square plate 12 2.1
Airflow at 35 m/s over 0.75-m square plate 78 182
Airflow at Mach number = 3, p = 1/20 atm,
Too = —40°C, across 0.2-m square plate 56 9.9
Air at 2 atm flowing in 2.5-cm-diameter
tube at 10 m/s 65 1.4
Water at 0.5 kg/s flowing in 2.5-cm-diameter
tube 3500 616
Airflow across 5-cm-diameter cylinder
with velocity of 50 m/s 180 32
Liquid bismuth at 4.5 kg/s and 420°C 3410 600
in 5.0-cm-diameter tube
Airflow at 50 m/s across fine wire,
d = 0.04 mm 3850 678
Boiling water
In a pool or container 2500-35,000 440-6200
Flowing in a tube 5000-100,000 880-17,600
Condensation of water vapor, 1 atm
Vertical surfaces 4000-11,300 700-2000
Outside horizontal tubes 9500-25,000 1700-4400

o AXNEZ9] oJXx HA2 (Energy Equation for the Steady Flow Condition)
g+ m;(i + V22 4gz2), =m (i + V¥2+gz), + W,

A7l A q=AAAA ZHeix A

W=7 % ool &


admin
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water


. ddYR AR 5L FAST

.................... A} (=31
-------------------- A% (AaT)
.................... V = I'R
_ A
1
Wi ATy, = q - WA
AF(EHE=) s

o FolZ FEFA gFAHZ (Convection Energy Balance on a Pipe Flow)

The heated wall at Ty loses heat to the cooler fluid, which consequently rises in

temperature as it flows from the inlet at T; to the exit at Te.

Figure 1-8 1 Convection in a channel.

T. q
; x T

The energy balance on the fluid is

= q=mli,—i;) =mc(T,—T,) = hA,(T ~ Tid.ang)

w,avg
where m is the fluid mass flow rate (kg/s). i, and i; are the fluid enthalpy at the exit

and inlet, respectively. A, is the surface area of the flow channel in contact with the

fluid and h is the convective heat transfer coefficient(W/m?-°C). The fluid temperatures

T,,T;,and Ty, are called bulk or energy average temperatures.

The mass flow rate in a flow channel is determined from
= m = p uangc

where Aczwd2/ 4 1s the cross—sectional area. On the other hand, the surface area for

the convection in this case would be A, =wdL



S7F e B A 2
(Equivalent Wind Chill Temperature)

It feels
like -10°C

AZaFded 9 vFARE ot 2547 7AEAE ARG FE F
717} | A =ARAGE AL #F dEA gt o] a3E U9 &%
7} S71gel wE dFdAgdAs7t S7s7] " eld. Ta9z2 St
g WZ& % (Equivalent Wind Chill Temperature): &3 o] F
o] A},

Tequiv = 33.0—(33.0—Tambient) (0.475-0.0126V +0.240V /%)

A7A Vi BHEY] SEECM/NOIT Tambens £ LLF T/LE F, 65
km/holWle] 58 ZE AME ntgdA g F99 FrLxo|

714 % 15 km/h(4.17 m/s) 371€%= -15°CY W], AF &%= -253 °C
3714 % 30 km/h(8.33 m/s) 7] %= -15°CY o, A %= -348 °C
2714 % 45 kim/h(125 m/s) 718 %= -15°CY o, A& %= -399 °C
3714 % 60 km/h(16.7 m/s) 3712 %= -15°CY ], AFL%= -427 °C

Note: A2 A0S o 60-80 W oA S isin, 355 & d+=
300-400 W9 YA E GG,



3. Radiation Heat Transfer
42 A=Y HFIFHZE dE F5t AdEFHAN 1F FAME dEE
T At} ol S A7) EAelectromagnetic radiation)2hil 3

@ o]AZA el EALA 58 34 (Blackbody)
Ao e 4AFe MdsE 2 2L Bt =
Qe = A T

l:k:l

Aol Bl & gt

o714 o= Stefan-Boltzmann 501t} [ 5.669x 10~° (W/m*K")]

@ 34 (Gray & Real) ¥4
FEve HJEE AZ ZHolY dArtd 5533 & EAE ——.%—7'4]01] H]
o] & g8 EAsA| v BExrd e 7o g st oeba] ol 34
FHe HAL uds7] ¢dA HAE(emissivity) el e AAE v
ol Aejstrt

_ 9 _ q

€= - 1

Qjack; cAT

1.00]th
@ F W 7Ho] & BAEAG
HALgo] Bt me ol & AMEd e AR EAIE dFR AR o] FIE
T dEE= T F5H7] dEd 3 FES Wy YA AEI &
FHo =gt & F7F gl o] Y F a3/E IHEHIA £ BAEA
9ES U Zo] 7t

g= FF,cA(T"—T,")

& HAF uolAe B
EHLET T, BAFEC] o, BRAC] 49 e BA =T T2 WS
2 m¥ox 943 A g W & dFEES e 2



Table A-10 | Normal total emissivity of various surfaces.”

APPENDIX A Tables

Surface T,°F Emissivity e
Metals and their oxides
Aluminum:
Highly polished plate, 98.3% pure 440-1070 0.039-0.057
Commercial sheet 212 0.09
Heavily oxidized 299-940 0.20-0.31
Al-surfaced roofing 100 0.216
Brass:
Highly polished:
73.2% Cu, 26.7% Zn 476-674 0.028-0.031
62.4% Cu, 36.8% Zn, 0.4% Pb, 0.3% Al 494-710 0.033-0.037
82.9% Cu, 17.0% Zn 530 0.030
Hard-rolled, polished, but direction of polishing visible 70 0.038
Dull plate 120-660 0.22
Chromium (see nickel alloys for Ni-Cr steels), polished 100-2000 0.08-0.36
Copper:
Polished 242 0.023
212 0.052
Plate, heated long time, covered with thick oxide layer 77 0.78
Gold, pure, highly polished 440-1160 0.018-0.035
Iron and steel (not including stainless):
Steel, polished 212 0.066
Iron, polished 800-1880 0.14-0.38
Cast iron, newly turned 72 0.44
turned and heated 1620-1810 0.60-0.70
Mild steel 450-1950 0.20-0.32
Iron and steel (oxidized surfaces):
Iron plate, pickled, then rusted red 68 0.61
Iron, dark-gray surface 212 0.31
Rough ingot iron 1700-2040 0.87-0.95
Sheet steel with strong, rough oxide layer 75 0.80
Lead:
Unoxidized, 99.96% pure 240-440 0.057-0.075
Gray oxidized 75 0.28
Oxidized at 300°F 390 0.63
Magnesium, magnesium oxide 530-1520 0.55-0.20
Molybdenum:
Filament 1340-4700 0.096-0.202
Massive, polished 212 0.071
Monel metal, oxidized at 1110°F 390-1110 0.41-0.46
Nickel:
Polished 212 0.072
Nickel oxide 1200-2290 0.59-0.86
Nickel alloys:
Copper nickel, polished 212 0.059
Nichrome wire, bright 120-1830 0.65-0.79
Nichrome wire, oxidized 120-930 0.95-0.98
Platinum, polished plate, pure 440-1160 0.054-0.104
Silver:
Polished, pure 440-1160 0.020-0.032
Polished 100-700 0.022-0.031

663
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CETREI 722 50 ME

57 3 em? F2j% X W] 25 400°Co| 1 HER Blo] LR 100°C 0|t} o] B E3te] Yule] YAGo]
Yo7t '

m £l
F5 ARNH 250°C9] 89 HAEASE 370 W/m - °Co|ct. Fouriero] ¥ % =—k ‘%% Hushy okt
2t

g __, AT _ —(370)(100 - 400)

4 e T T B MW/m? [1.173 x 10° Bru/h - ft%]

Cidl 1-2 e

7k2 MZ7 50 x 75 cm?l 250°C2 7HEE el 20°C9] 7|8 BolET et R AALAST} 25 W/md . °C
3 o FHSE Austolet

g =hA(Ty — Too)
= (25)(0.50)(0.75)(250 — 20)
=2.156 kW [7356 Btu/h]

oAx 1-3 Rl

oA 129141 Bito] $71 2 cmo) L SagH o] 192) AU Hof o0 Bajol A 300 W o] &4l
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B B3l AR IFE tiFet BAlR sjA EAEE %9 3 dojok Ao

9cond = Geony + Grad

—kA % =2.156+0.3=2.456 kW

_ (~2456)(0.02)

= m:—&% C [-549°F]
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Table A-2 | Property values for metals™ (Continued).

Propertiesat 20°C

Thermal conductivity k, W/m . °C

P cp k ax10° | —100°C 0°C 100°C | 200°C | 300°C | 400°C 600°C 800°C | 1000°C| 1200°C
Metal kg/m3 | kd/kg-°C | W/m-.°C m2/s —148°F 32°F 212°F 392°F 572°F 752°F 1112°F | 1472°F| 1832°F| 2192°F
Nickel steel
Ni~ 0% 7,897 0.452 73 2.026
20% 7,933 0.46 19 0.526
40% 8,169 0.46 10 0.279
80% 8,618 0.46 35 0.872
Invar 36% Ni 8,137 0.46 10.7 0.286
Chrome steel
Cr= 0% 7,897 0.452 73 2.026 87 73 67 62 55 48 40 36 35 36
1% 7,865 0.46 61 1.665 62 55 52 47 42 36 33 33
5% 7,833 0.46 40 1.110 40 38 36 36 33 29 29 29
20% 7,689 0.46 22 0.635 22 22 22 22 24 24 26 29
Cr-Ni (chrome-
nickel): 15% Cr,
10% Ni 7,865 0.46 19 0.527
18% Cr, 8% Ni
(V2A) 7,817 0.46 16.3 0.444 16.3 17 17 19 19 22 27 31
20% Cr, 15% Ni 7,833 0.46 15.1 0.415
25% Cr, 20% Ni 7,865 0.46 12.8 0.361
Tungsten steel
W= 0% 7,897 0.452 73 2.026
1% 7,913 0.448 66 1.858
5% 8,073 0.435 54 1.525
10% 8,314 0.419 48 1.391
Copper:
Pure 8,954 0.3831 386 11.234 407 386 379 374 369 363 353
Aluminum bronze
95% Cu, 5% Al 8,666 0.410 83 2.330
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Table A-2 | Property values for metals. "

Propertiesat 20°C

Thermal conductivity k, W/m - °C

0 cp k ax10° | —100°C 0°C 100°C | 200°C | 300°C | 400°C | 600°C 800°C | 1000°C | 1200°C
Metal kg/m® | kd/kg-°C | W/m-°C m2/s —148°F | 32°F | 212°F | 392°F | 572°F | 752°F | 1112°F | 1472°F| 1832°F | 2192°F
Aluminum:
Pure 2,707 0.896 204 8.418 215 202 206 215 228 249
Al-Cu (Duralumin),
94-96% Al, 3-5%
Cu, trace Mg 2,787 0.883 164 6.676 126 159 182 194
AI-Si (Silumin,
copper-bearing),
86.5% Al,
1% Cu 2,659 0.867 137 5.933 119 137 144 152 161
Al-Si (Alusil),
78-80% Al,
20-22% Si 2,627 0.854 161 7.172 144 157 168 175 178
Al-Mg-Si, 97% Al,
1% Mg, 1% Si,
1% Mn 2,707 0.892 177 7.311 175 189 204
Lead 11,373 0.130 35 2.343 36.9 35.1 33.4 315 29.8
Iron:
Pure 7,897 0.452 73 2.034 87 73 67 62 55 48 40 36 35 36
Wrought iron, 0.5% C 7,849 0.46 59 1.626 59 57 52 48 45 36 33 33 33
Steel
(C max~ 1.5%):
Carbon steel
C~0.5% 7,833 0.465 54 1.474 55 52 48 45 42 35 31 29 31
1.0% 7,801 0.473 43 1.172 43 43 42 40 36 33 29 28 29
1.5% 7,753 0.486 36 0.970 36 36 36 35 33 31 28 28 29
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A 1-5

2=7h 217} 800°CS} 300°CS) ts) 2 5 ) BA) B AololH BApgmTo] Yok Gick B9) AHTF @
e Axstelet '

m =°l
A (1102 o] 2Ao] 1A chg3h P,
' dA=o(T} - T

= (5.669 x 1078)(1073% — 573%
=69.03kW/m? [21,884 Btu/h - fi2]

SRRETI Cf.39F HAO| oot £ QA A

27)9} ¥e] L7} BE 20°C] 2

Qo] EWLE7} 50°Co| 3L X80 5 cm?l ZATo] o2 o gk 7
AP ERO] PAR-E 0.80]2} B F 1.39] Zhe AFRste] To| whol ot 3 A2 AL Pahaiat

m £°| ]

F &AL diRet BAIEAE] % AE A3 Aol A 2A0) = A{UF EAGALE E130M h=
6.5 W/m - °Ce]ct. JE]_E T} FHAH L ndLo| B2 T Po|F gL

q/Llconv = h(md)(Ty — Too)
= (6.5)(7r)(0.05)(50 — 20) =30.63 W/m
otk & ¥ ¢to] ¥ Ut B2 A WellFR2E ETRY Y= EXZ B £ 7] g2 BAGAGL 4
(1.12)E A8t A4KE 4= i) 77 = 50°C = 323°K 0|1 T5°C = 20°C = 293°Ko|B g
@LYag = €1 (wdy)o(T} — T3)

= (0.8)(7)(0.05)(5.669 x 10~8)(323% — 293%)
=25.04 W/m

web § dade ohgal g,

q/Lltot = g/L)conv + q/L)rag
=30.63 +25.04 =55.67 W/m

o) A BN cheh A AS T FO2 EASD, 0 ES FAUTHE RS T OHE WY 4 Ucke A
& ¢+ 9 |
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