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)ê

y
+
(−

si
n
θ)
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Heat-Transfer Properties of Liquid Water, SI Units 

µ. X JO3 (gf3p'Iµ.') 
T p er (Pa•s, or k /3 X JO' X J0-8 

(K) (kglm3) (kl/kg· K) kglm · s) (Wlm •K) N,, (1/K) (I/[(. m') 

273.2 999.6 4.229 1.786 0.5694 13.3 -0.630

288.8 998.0 4.187 1.131 0.5884 8.07 1.44 10.93 

299.9 996.4 4.183 0.860 0.6109 5.89 2.34 30.70 

311.0 994.7 4.183 0.682 0.6283 4.51 3.24 68.0 

338.8 981.9 4.187 0.432 0.6629 2.72 5.04 256.2 

366.5 962.7 4.229 0.3066 0.6802 1.91 6.66 642 

394.3 943.5 4.271 0.2381 0.6836 1.49 8.46 1300 

422.l 917.9 4.312 0.1935 0.6836 1.22 10.08 2231 

477.6 858.6 4.522 0.1384 0.6611 0.950 14.04 5308 

533.2 784.9 4.982 0.1042 0.6040 0.859 19.8 11030 

588.8 679.2 6.322 0.0862 0.5071 1.07 31.5 19 260 

Heat-Transfer Properties of Liquid Water, English Units 

p Cp µ. X JO3 k (gf3p'Iµ.') 

(lb"') ( btu ) 
(�) 

( btu ) /3 X JO' X 10-6 

ft' lb111 •
°

F ft·S h•ft•'F N,, (ll'R) (1/'R. Ji') 

62.4 1.01 1.20 0.329 13.3 -0.350

62.3 1.00 0.760 0.340 8.07 0.800 17.2 

62.2 0.999 0.578 0.353 5.89 1.30 48.3 

62.1 0.999 0.458 0.363 4.51 1.80 107 

61.3 1.00 0.290 0.383 2.72 2.80 403 

60.1 1.01 0.206 0.393 1.91 3.70 1010 

58.9 1.02 0.160 0.395 1.49 4.70 2045 

57.3 1.03 0.130 0.395 1.22 5.60 3510 

53.6 1.08 0.0930 0.382 0.950 7.80 8350 

49.0 1.19 0.0700 0.349 0.859 11.0 17 350 

42.4 1.51 0.0579 0.293 1.07 17.5 30 300 



A.3-3 Physical Properties ol' Air at 101.325 kPa (1 Atm Abs), SI Units

µ. X JO5 
T p c,, (Pa·s.or k /3 X JO' gf3p"Iµ."

("C) (/() (kglnr1 ) (/cJ!kg · K) kg/111 · s) (W/m·K) Nr, (//K) (//K · 1113) 

-17.8 255.4 1.379 1.0048 1.62 0.02250 0.720 3.92 2.79 X 108

0 273.2 1.293 1.0048 1.72 0.02423 0.715 3.65 2.04 X 108

10.0 283.2 1.246 1.0048 1.78 0.02492 0.713 3.53 1.72 X 108

37.8 311.0 1.137 1.0048 1.90 0.02700 0.705 3.22 1.12 X 108

65.6 338.8 1.043 1.0090 2.03 0.02925 0.702 2.95 0.775 X 108

93.3 366.5 0.964 1.0090 2.15 0.03115 0.694 2.74 0.534 X 108

121.1 394.3 0.895 1.0132 2.27 0.03323 0.692 2.54 0.386 X 108

148.9 422.l 0.838 1.0174 2.37 0.03531 0.689 2.38 0.289 X 108

176.7 449.9 0.785 1.0216 2.50 0.0372 l 0.687 2.21 0.214 X 108

204.4 477.6 0.740 1.0258 2.60 0.03894 0.686 2.09 0.168 X 108

232.2 505.4 0.700 l.0300 2.71 0.04084 0.684 1.98 0.130 X 108

260.0 533.2 0.662 1.0341 2.80 0.04258 0.680 1.87 0.104 X 108

A.3-3 Physical Properties of Air at 101.325 kPa (1 Atm Abs), English Units

p c,, k 

T 
C

b

''.') ( 
bw ) µ. ( 

btu 
) /3 X JO' g{3p'Iµ.'

("F) ft·' lb111 • °F ( centipoise) h·ft·"F N,, (ll"R) (I!"R ·fr') 

0 0.0861 0.240 0.0162 0.0130 0.720 2.18 4.39 X 106

32 0.0807 0.240 0.0172 0.0140 0.715 2.03 3.21 X 106

50 0.0778 0.240 0.0178_ 0.0144 0.713 1.96 2.70 X 106

100 0.0710 0.240 0.0190 0.0156 0.705 1.79 1.76 X 106

150 0.0651 0.241 0.0203 0.0169 0.702 1.64 1.22 X 106

200 0.0602 0.241 0.0215 0.0180 0.694 1.52 0.840 X 106

250 0.0559 0.242 0.0227 0.0192 0.692 1.41 0.607 X 106

300 0.0523 0.243 0.0237 0.0204 0.689 1.32 0.454 X 106

350 0.0490 0.244 0.0250 0.0215 0.687 1.23 0.336 X 106

400 0.0462 0.245 0.0260 0.0225 0.686 1.16 0.264 X 106

450 0.0437 0.246 0.0271 0.0236 0.674 1.10 0.204 X 106

500 0.0413 0.247 0.0280 0.0246 0.680 1.04 0.163 X 106

Source: National Bureau of Stand,1rds, Circufnr 461C, 1947; 564, 1955: NBS-NACA. Ta hies of Thermnl Properries of Gnses, 1949; 
F. G. Keyes. Tmns. A.S.I\I. £., 73,590.597 { !95 l ): 74, !J03 { !952); D. D. Wngmnn, Selected Values of Chemical Thermody11amic Properties. 
Washington, D.C.: National Bureau of Stnndards, ! 953. 
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Table 1:  Emissivity 𝜺 of solids (300K)

Material  𝜺 
Aluminum foil  0.04 
Asbestos board  0.96 
Polished brass  0.03 

Cast iron, turned and heated  0.60‐0.70 
Concrete  0.85 

Ice, smooth  0.966 
Ice, rough  0.985 
Plaster  0.98 

Roofing paper  0.91 
Sand  0.76 

Steel, Oxidized  0.79 
Wrought Iron  0.94 

Reference:  Engineering Toolbox, www.engineeringtoolbox.com/emissivity‐coefficients‐d_447.html  

Table 2:  Thermal diffusivity 𝜶 ൌ 𝒌/𝝆𝑪෡𝒑 of solids 

Material   Thermal diffusivity  Thermal diffusivity 
(m²/s)  (mm²/s) 

Silver, pure (99.9%)   1.6563 ൈ  10ିସ   165.63 
Gold   1.27 ൈ  10ିସ   127 
Copper at 25°C   1.11 ൈ  10ିସ   111 
Aluminum   8.418 ൈ  10ିହ   84.18 
Steel, stainless 304A at 27°C   4.2 ൈ  10ି଺  4.2 
Steel, stainless 310 at 25°C   3.352 ൈ  10ି଺   3.352 
Iron   2.3 ൈ  10ିହ   23 
Silicon   8.8 ൈ  10ିହ   88 
Quartz   1.4 ൈ  10ି଺   1.4 
Water at 25°C   0.143 ൈ  10ି଺   0.143 
Water vapor (1 atm, 400 K)   2.338 ൈ  10ିହ   23.38 
Air (300 K)   1.9 ൈ  10ିହ   19 

Reference:  Wikipedia, en.wikipedia.org/wiki/Thermal_diffusivity  

𝜎 ൌ 0.1712 ൈ 10ି଼
𝐵𝑇𝑈

ℎ 𝑓𝑡ଶ𝑅ସ

𝜎 ൌ 5.676 ൈ 10ି଼
𝑊

𝑚ଶ𝐾ସ

Stephan-Boltzman Constant:
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Unsteady Macroscopic Energy Balance
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𝑑𝑡

𝑈௦௬௦ ൅ 𝐸௞,௦௬௦ ൅ 𝐸௣,௦௬௦ ൌ െΔ𝐻 െ Δ𝐸௞ െ Δ𝐸௣ ൅ 𝑄௜௡ ൅𝑊௦,௢௡

𝑄௜௡ ൌ ∑ 𝑞௜௡,௜௜ comes from a variety of sources:

• Thermal conduction:  𝑞௜௡ ൌ െ𝑘𝐴 ௗ்

ௗ௫

• Convection heat xfer:  𝑞௜௡ ൌ ℎ𝐴 𝑇௕ െ 𝑇

• Radiation:  𝑞௜௡ ൌ 𝜀𝜎𝐴 𝑇௦௨௥௥௢௨௡ௗ௜௡௚௦
ସ െ 𝑇௦௨௥௙௔௖௘

ସ

• Electric current:  𝑞௜௡ ൌ 𝐼ଶ𝑅௘௟௘௖𝐿

• Chemical Reaction:  𝑞௜௡ ൌ 𝑆௥௫௡𝑉௦௬௦

𝑆ሾൌሿ
energy

time volume

𝑄௜௡ ൌ Heat into the chosen macroscopic control volume

accumulation ൌ
input െ output 
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Unsteady Macroscopic Energy Balance
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• Thermal conduction:  𝒒𝒊𝒏 ൌ െ𝒌𝑨𝒅𝑻

𝒅𝒙

• Convection heat xfer:  𝒒𝒊𝒏 ൌ 𝒉𝑨 𝑻𝒃 െ 𝑻

• Radiation:  𝒒𝒊𝒏 ൌ 𝜺𝝈𝑨 𝑻𝒔𝒖𝒓𝒓𝒐𝒖𝒏𝒅𝒊𝒏𝒈𝒔
𝟒 െ 𝑻𝒔𝒖𝒓𝒇𝒂𝒄𝒆

𝟒

• Electric current:  𝒒𝒊𝒏 ൌ 𝑰𝟐𝑹𝒆𝒍𝒆𝒄𝑳

• Chemical Reaction:  𝒒𝒊𝒏 ൌ 𝑺𝒓𝒙𝒏𝑽𝒔𝒚𝒔

2

e.g. device held by bracket; a solid phase that extends through 
boundaries of control volume

e.g. device dropped in stirred liquid; forced air stream flows past, 
natural convection occurs outside system; phase change at boundary

e.g. device at high temp. exposed to a gas/vacuum; hot enough to 
produce nat. conv.ൌpossibly hot enough for radiation

e.g. if electric current is flowing within the device/control volume/ 
system

e.g. if a homogeneous reaction is taking place throughout the 
device/ control volume/system

𝑸𝒊𝒏 ൌ ∑ 𝒒𝒊𝒏,𝒊𝒊 comes from a variety of sources:

𝒅
𝒅𝒕

𝑼𝒔𝒚𝒔 ൅ 𝑬𝒌,𝒔𝒚𝒔 ൅ 𝑬𝒑,𝒔𝒚𝒔

ൌ െ𝚫𝑯 െ 𝚫𝑬𝒌 െ 𝚫𝑬𝒑 ൅ 𝑸𝒊𝒏 ൅𝑾𝒔,𝒐𝒏

S‐B constant:  
𝜎 ൌ 5.676ൈ
10ି଼

ௐ

௠మ௄ర



      

   

𝑇௕௔௧௛
ൌ 𝑇ଵ 
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Gurney and Lurie Charts
Ref:  Geankoplis, 4th Ed, 2003

Fo ൌ
𝛼𝑡

𝑥ଵ
ଶ ൌ 𝑋
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