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The Newtonian Constitutive Equation in Cartesian, Cylindrical,
and Spherical coordinates

Prof. Faith A. Morrison, Michigan Technological University

Cartesian Coordinates

) vy v, N vy, vy N v,
p p p 0x dy O0x 0z Ox
e v, 0v, dv, v, dv,
T T T = + 2
Jroyy s # dy  Ox dy dz  0dy
Tzx Tzy Tzz xyz \avx N v, avy N ov, ) ov, /
dz 0dx 0z Oy 0z x
VZ
Cylindrical Coordinates
v, ri(v_g) lavr av, N dav,
# P # or or\r r 00 dz  Or
o fre o 3 d (179) N 10v, , (1 vy L ) 10v, N vy
f@r Tee sz H rar r r 06 radd r rdf 0z
zr "20 zz7r6z v, N v, 10v, N vy v,
dz  Or rdd 0z 0z r0z

Spherical Coordinates

‘Err fre frd)
Tor Too Tog
Tor Too Too/ 44

av, d (vg 1 dv, 1 Jv, 0 (Vg
= o () + 77 o ag o (7
Jd vy 1dv, 10vg v, sinf 0 , vy 1 OJvyg
| 5 (50 +7) 756 5ng) * 75 09
1 odv, a sinf 0 ;v 1 ov 1 Jdvy v, wvgcoth
. +r—(-2) —(Z2)+———2 2(——— L+ L+
rsin@ d¢ or\r r 00 \sin@/ 1rsinf d¢ rsinf d¢p r r 96

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.2-11 Heat-Transfer Properties of Liquid Water, SI Units

pox 10 (gBp*/u?)
r T p cp (Pa-s, or k B x 10* x 1078
(°C) (K) (kg/m®) (ki’kg-K) kg/m-s) (Wm-K) Np, (1/K) (/K - m*)
0 2732 9996 4229 1786 05694 133 060
15.6 288.8 998.0 4.187 1.131 0.5884 8.07 1.44 10.93
26.7 299.9 996.4 4.183 0.860 0.6109 5.89 2.34 30.70
37.8 311.0 994.7 4.183 0.682 0.6283 4.5% 3.24 68.0
65.6 338.8 981.9 4,187 0.432 0.6629 2.72 5.04 256.2
93.3 366.5 962.7 4.229 0.3066 0.6802 1.91 6.66 642
121.1 394.3 9435 4271 0.2381 0.6836 1.49 8.46 1300
148.9 422.1 9179 4312 0.1935 0.6836 1.22 10.08 2231
204.4 477.6 858.6 4522 0.1384 0.6611 0.950 14.04 5308
260.0 533.2 784.9 4.982 0.1042 0.6040 0.859 19.8 11 030
315.6 588.8 679.2 6.322 0.0862 0.5071 1.07 31.5 19 260

A.2-11 Heat-Transfer Properties of Liquid Water, English Units

P ¢, p X 103 k (8Bp/1?)
T (_@g) ( btu ) ( {bp, ) ( btu > B x 10° X 1076
(°F) fe Ib,-°F ftes heft-°F N, (1/°R) (I/°R - ff)
32 62.4 1.01 1.20 0.329 13.3 -0.350
60 62.3 1.00 0.760 0.340 8.07 0.800 17.2
80 62.2 0.999 0.578 0.353 5.89 1.30 48.3
100 62.1 0.999 0458 0.363 4.51 1.80 107
150 61.3 1.00 0.290 0.383 2.72 2.80 403
200 60.1 1.01 0.206 0.393 1.91 3.70 1010
250 58.9 1.02 0.160 0.395 1.49 4.70 2045
300 57.3 1.03 0.130 0.395 1.22 5.60 3510
400 53.6 1.08 0.0930 0.382 0.950 7.80 8350
500 . 49.0 1.19 0.0700 0.349 0.859 11.0 17350
600 42.4 1.51 0.0579 0.293 1.07 17.5 30300

Geankoplis, 4'" edition

NOTE: Equate the label to the provided quantity in
the supplied units. For example, for water at 0°C:

ux103=1.786 Pas
u=1.786x10"3Pas




A.3-3  Physical Properties of Air at 101.325 kPa (1 Aitm Abs), SI Units
u X 105

/i T p ¢, (Pa-s.or k B x 10° gBp*/u’
(°C) (K} (kg/m®)  (kikg-K) kg/m-s) (Wim-K) Np, (I/K) (17K - m?)
-17.8 2554 1.379 1.0048 1.62 0.02250 0.720 3.92 2.79 x 108
0 2732 1293 1.0048  1.72 0.02423 0.715  3.65 204 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 0.705 322 1.12 x 108

65.6 338.8 1.043 1.0090 2.03 0.02925 0.702 295 0775 % 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 0386 x 10°
148.9 422.1 0.838 1.0174 2.37 0.03531 0.689 238  0.289 x 108
176.7 4499 0.785 1.0216 2.50 0.03721 0.687 221 0214 % 10°
204.4 477.6 0.740 1.0258 2.60 0.03894 0.686 2.09  0.168 X 10°
232.2 5054 0.700 1.0300 271 0.04084 0.684 1.98  0.130 x 10®
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 & ke
T (fllrg) ( bru ) m ( bru ) B % 10° 8B’
(°F) fe b, -°F /) (centipoise) \h-ft-°F Np, ({7°R) (I/°R- 1)

0 0.0861 0.240 0.0162 0.0130 0.720 2.18 4.39 x 10°
32 0.0807 0.240 0.0172 0.0140 0.715 2.03 3.21 x 108
50 0.0778 0.240 0.0178 0.0144 0.713 1.96 2.70 x 108

100 0.0710 0.240 0.0190 0.0156 0.705 1.79 1.76 x 108
150 0.0651 0.241 0.0203 0.0169 0.702 1.64 1.22 x 108
200 0.0602 0.241 0.0215 0.0180 0.694 1.52 0.840 x 108
250 0.0559 0.242 0.0227 0.0192 0.692 1.41 0.607 x 10°
300 0.0523 0.243 0.0237 0.0204 0.689 1.32 0.454 x 108
350 0.0490 0.244 0.0250 0.0215 0.687 1.23 0.336 % 10°
400 0.0462 0.245 0.0260 0.0225 0.686 1.16 0.264 x 10°
450 0.0437 0.246 0.0271 0.0236 0.674 1.10 0.204 x 10°
500 0.0413 0.247 0.0280 0.0246 0.680 1.04 0.163 x 108

Source: National Bureau of Standards, Circulor 461C, 1947: 564, 1935: NBS-NACA. Tahles of Thermal Properiies of Gases. 1949.
F G, Keyes., Trans. A.S.M.E., 73,590. 597 (1951): 74, 1303 (1952): D. D. Wagman. Sefected Values of Chemical Thermodynamic Properties.
Washington, D.C.: National Bureau of Standards. 1933.

Geankoplis, 4" edition

NOTE: Equate the label to the provided quantity in
the supplied units. For example, for air at 0°C:

pux105=1.72 Pas

u=172x10"%Pas
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F1GURE 4.9-4.  Correction factor Fy to log mean temperature difference: (a) 1-2 and 1- 4 exchangers,

{b) 2~ 4 exchangers. [From R. A. Bowman, A. C. Mueller, and W. M. Nagle, Trans.
ASME., 62,284, 285 (1940). With permission. ]
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Ficure 4.9-5.  Correction factor Fy to log mean temperature difference for cross-flow exchangers
[Z =Ty — Tyo)(Tep — T (a) single pass, shell fluid mixed, other fluid unmixed,
(b) single pass, both fluids wnmixed. [From R. A. Bowman, A. C. Mueller, and
W. M. Nagle, Trans. A.8.M.E., 62,288, 289 (1940}. With permission. ]
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Table 1: Emissivity € of solids (300K)

Material £
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

o=0.1712x 1078

o =5.676x 1078

BTU

h ft?R*

m2K#4

Reference: Engineering Toolbox, www.engineeringtoolbox.com/emissivity-coefficients-d 447.html

Tanir 4.9-1.  Typical Fouling Coefficients (P3, N1}

Iy iy
(Wi - K) (Bt /h - fr° - °F)

Distilled and scawater 11 350 2000
City water 5680 1000
Muddy water 1990 2840 350-500
(ases 2840 500
Vaporizing liquids 2840 500

1990 350

Vegetable and gas oils

Reference: Geankoplis, 4" Edition




	2020ExamFinalHandouts final ver
	2020ExamFinalHandouts ver2
	2020ExamFinalHandouts
	2019ExamFinalHandouts
	2019ExamFinalHandouts
	2016ExamFinalHandouts (5)
	2016ExamFinalHandouts
	junk2
	junk



	2019ExamFinalHandouts v2
	2019ExamFinalHandouts
	2016ExamFinalHandouts (3)




	FluidFrictionCorrelationsforExaminations2Pgs
	2019ExamFinalHandouts
	2019ExamFinalHandouts
	2019ExamFinalHandouts v2
	2019ExamFinalHandouts
	2016ExamFinalHandouts (3)
	2019Exam4Handouts (5)
	2019Exam4Handouts v3
	2019Exam4Handouts v2
	2019Exam4Handouts
	2019Exam3Handout
	2016Exam2and3Handouts (2)
	2016Exam2and3Handouts (2).pdf
	junk5
	junk













	Exam4 extra page 2019 hyd dia packed beds h second page k1Pg
	2020ExamFinalHandouts
	2019ExamFinalHandouts
	2019ExamFinalHandouts
	2019ExamFinalHandouts v2
	2019ExamFinalHandouts
	2016ExamFinalHandouts (3)






	2020Exam4Handout
	2019Exam4Handouts v3
	2019Exam4Handouts v3.pdf
	2019Exam4Handouts v2
	2019Exam4Handouts v2.pdf
	2016Exam4Handouts





	HeatTransfeCorrelationsforExaminations2Pg
	2020ExamFinalHandouts ver2
	2020ExamFinalHandouts
	2019ExamFinalHandouts.pdf
	2019ExamFinalHandouts
	2019ExamFinalHandouts v2
	2019ExamFinalHandouts
	2016ExamFinalHandouts (3)
	2016ExamFinalHandouts
	junk2
	2015ExamFinalHandouts
	2014ExamFinalHandouts
	2014ExamFinalHandouts
	2013ExamFinalHandouts
	ExamFinalHandouts2013
	ExamFinalHandouts2013.pdf
	ExamFinalHandouts2013
	ExamFinalHandouts3.pdf
	ExamFinalHandouts2.pdf
	ExamFinalHandouts
	junk




















	Emissivity ε of solids and other properties v4b

