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ê θ
=

(c
os

θ
co
s
φ
)ê
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θê

x
+
si
n
θê
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The Newtonian Constitutive Equation in Cartesian, Cylindrical, 
and Spherical coordinates 

Prof. Faith A. Morrison, Michigan Technological University 

     

Cartesian Coordinates 

̃ ̃ ̃
̃ ̃ ̃
̃ ̃

2

2

2

 

Cylindrical Coordinates 

̃ ̃ ̃
̃ ̃ ̃
̃ ̃

2
1

1
2
1

	
1

1
2

 

Spherical Coordinates 

̃ ̃ ̃
̃ ̃ ̃
̃ ̃

2
1 1

sin
1

2
1

	
sin

sin
1
sin

1
sin

sin
sin

1
sin

2
1
sin

cot
	

 

     

These expressions are general and are applicable to three‐dimensional flows.  For unidirectional 
flows they reduce to Newton’s law of Viscosity.  Reference:  Faith A. Morrison, An Introduction 
to Fluid Mechanics (Cambridge University Press: New York, 2013) 
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A.2-9 Properties of Saturated Steam and Water (Steam Table), SI Units

Specific Volume Enthalpy Entropy 
Temper- Vapor (m3/kg) (Id/kg) (kJ/kg·K) 
ature Pressure 

("C) (kPa) Liquid Sat'd Vapor Liquid Sat'd Vapor Liquid Sat'd Vapor 

0.01 0.6113 0.0010002 206.136 0.00 2501.4 0.0000 9.1562 

3 0.7577 0.0010001 168.132 12.57 2506.9 0.0457 9.0773 

6 0.9349 0.0010001 137.734 25.20 2512.4 0.0912 9.0003 

9 1.1477 0.0010003 113.386 37.80 2517.9 0.1362 8.9253 

12 1.4022 0.0010005 93.784 50.41 2523.4 0.1806 8.8524 

15 1.7051 0.0010009 77.926 62.99 2528.9 0.2245 8.7814 

18 2.0640 0.0010014 65.038 75.58 2534.4 0.2679 8.7123 

21 2.487 0.0010020 54.514 88.14 2539.9 0.3109 8.6450 

24 2.985 0.0010027 45.883 100.70 2545.4 0.3534 8.5794 

25 3.169 0.0010029 43.360 104.89 2547.2 0.3674 8.5580 

27 3.567 0.0010035 38.774 113.25 2550.8 0.3954 8.5156 

30 4.246 0.0010043 32.894 125.79 2556.3 0.4369 8.4533 

33 5.034 0.0010053 28.011 138.33 2561.7 0.4781 8.3927 

36 5.947 0.0010063 23.940 150.86 2567.1 0.5188 8.3336 

40 7.384 0.0010078 19.523 167.57 2574.3 0.5725 8.2570 

45 9.593 0.0010099 15.258 188.45 2583.2 0.6387 8.1648 

50 12.349 0.0010121 12.032 209.33 2592.1 0.7038 8.0763 

55 15.758 0.0010146 9.568 230.23 2600.9 0.7679 7.9913 

60 19.940 0.0010172 7.671 251.13 2609.6 0.8312 7.9096 

65 25.03 0.0010199 6.197 272.06 2618.3 0.8935 7.8310 

70 31.19 0.0010228 5.042 292.98 2626.8 0.9549 7.7553 

75 38.58 0.0010259 4.131 313.93 2635.3 1.0155 7.6824 

80 47.39 0.0010291 3.407 334.91 2643.7 1.0753 7.6122 

85 57.83 0.0010325 2.828 355.90 2651.9 1.1343 7.5445 

90 70.14 0.0010360 2.361 376.92 2660.1 1.1925 7.4791 

95 84.55 0.0010397 1.9819 397.96 2668.1 1.2500 7.4159 

100 101.35 0.0010435 1.6729 419.04 2676.1 1.3069 7.3549 

105 120.82 0.0010475 1.4194 440.15 2683.8 1.3630 7.2958 

110 143.27 0.0010516 1.2102 461.30 2691.5 1.4185 7.2387 

115 169.06 0.0010559 1.0366 482.48 2699.0 1.4734 7.1833 

120 198.53 0.0010603 0.8919 503.71 2706.3 1.5276 7.1296 

125 232.1 0.0010649 0.7706 524.99 2713.5 1.5813 7.0775 

130 270.1 0.0010697 0.6685 546.31 2720.5 1.6344 7.0269 

135 313.0 0.0010746 0.5822 567.69 2727.3 1.6870 6.9777 

. 140 316.3 0.0010797 0.5089 589.13 2733.9 1.7391 6.9299 

145 415.4 0.0010850 0.4463 610.63 2740.3 1.7907 6.8833 

150 475.8 0.0010905 0.3928 632.20 2746.5 1.8418 6.8379 

155 543.1 0.0010961 0.3468 653.84 2752.4 1.8925 6.7935 

160 617.8 0.0011020 0.3071 675.55 2758.1 1.9427 6.7502 

165 700.5 0.0011080 0.2727 697.34 2763.5 1.9925 6.7078 
' 

170 791.7 0.0011143 0.2428 719.21 2768.7 2.0419 6.6663 

175 892.0 0.0011207 0.2168 741.17 2773.6 2.0909 6.6256 

180 1002.1 0.0011274 0.19405 763.22 2778.2 2.1396 6.5857 

190 1254.4 0.0011414 0.15654 807.62 2786.4 2.2359 6.5079 

200 1553.8 0.0011565 0.12736 852.45 2793.2 2.3309 6.4323 

225 2548 0.0011992 0.07849 966.78 2803.3 2.5639 6.2503 

250 3973 0.0012512 0.05013 1085.36 2801.5 2.7927 6.0730 

275 5942 0.0013168 0.03279 1210.07 2785.0 3.0208 5.8938 

300 8581 0.0010436 0.02167 1344.0 2749.0 3.2534 5.7045 

Source: Abridged from J. H. Keenan, E G. Keyes, P. G. Hi!!, and J. G. Moore, Steam Tables-Merrie Unit.r. New York:John Wiley & Sons, 
Inc., 1969. Reprinted by permission of John Wiley & Sons, Inc. 

Ref:  Geankoplis, 4th Ed, 2003
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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  

 

 

 

 

 

 

 

 

 

 

 

Reference:  Geankoplis, 4th Edition 
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