Equations Summary from Inside Cover of Morrison, 2013
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Navier-Stokes equation
(microscopic momentum balance,
incompressible, Newtonian fluids)
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Continuity equation V-v=0

(microscopic mass balance,
incompressible fluids)
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Dynamic pressure P = p+ pgh
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The equations in F. A. Morrison, An Introduction to Fluid Mechanics
Coordinate system surface differential 49 (Cambridge, 2013) assume the following definitions of the cylindrical
Cartesian (top, 7 = ¢.) dS = dxdy and spherical coordinate systems.
Cartesian (side a, n = é,) dS = dzdz
Cartesian (side b, n = ¢é,) dS = dydz
eylindrical (top, i = &.) dS — rdrdd ﬁ<__5Qq._nN_ Coordinate System: Note that the 6-coordinate swings around the z-axis
cylindrical (side, n = é,) dS = Rdfdz z
spherical, (n = é,) dS = R*sin0d0dg
7 Coordinate system  volume differential dV/
Cartesian dV = dxdydz
cylindrical dV = rdrdfdz
spherical dV = r?sin 0drdfde
Coordinate system  coordinates basis vectors
spherical x=rsinfcosd & = (sinbcospé,) + (sinfsin pé,) + cos e,
y=rsinfsing &y = (cosfcos)é, + (cosfsinp)é, + (—sinb)eé.
z=rcosf €y = (—sin¢)é, + cos pé,
cylindrical x =1rcost ¢, = cosfle, + sinfe,
y=rsinf m@ = ml sinf)é, + cos e, x
z=z é,=¢é,
) . o M_ow..mlnm_ Coordinate w<m.nm3" Note that the 8-coordinate swings down from the z-axi
Divergence Theorem \\m n-FdS = \\ . V-EdV this is different from its definition in the cylindrical system above.
Stokes Theorem &m.m dl = \\ n-(VxFE)dS VA
c Js

Vector identities:
V-VxF = 0 (Divergence of curl = 0)
VxVf = 0 (Curlof gradient = 0)
Vi(fg) = fVg+gVf
F-VE = [V (F%)~Fx(VxF)
V.(fE) = [V-E+E-Vf
VxVxF = V(V-F)-V’F
V- (ExG) = G- (VxIF)-F-(VxG)
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Quantity Equivalent Values
Mass 1 kg = 1000 g = 0.001 metric ton = 2.20462 lby, = 35.27392 oz
1lbm=16 0z=5x 10" ton =453.593 g = 0.453593 kg
Length 1 m =100 cm = 1000 mm = 10° microns (um) = 10%° angstroms (&)
=39.3701in =3.28084 ft = 1.09361 yd = 0.000621371 mile
1ft=12in.=1/3yd=0.3048 m=30.48 cm
Volume 1 m3=1000 liters = 106 cm?® = 10° ml
=35.31467 ft* = 219.969 imperial gallons = 264.172 gal
= 1056.69 qt
1t = 1728 in? = 7.48052 gal = 0.028317 m? = 28.3168 liters
=28,316.8 cm?
Force 1N =1 kgm/s?=10° dynes = 10° gcm/s? = 0.22481 lbs
1 1bs=32.174 b ft/s* = 4.4482 N = 4.4482 x 10° dynes
Pressure 1 atm = 1.01325 x 10° N/m? (Pa) = 101.325 kPa = 1.01325 bars
=1.01325 x 10° dynes/cm?
=760 mm Hg at 0" C (torr) = 10.333 mH,0 at4° C
= 14.696 Ibs/in? (psi) = 33.9 ft H,0 at 4°C
100 kPa =1 bar
Energy 1J=1Nm=10" ergs = 10’ dyne‘cm
=2.778 x 107 kW'h = 0.23901 cal
=0.7376 ftlbf=9.47817 x 10 Btu
Power 1 W =11J/s=0.23885 cal/s = 0.7376 ftlbs/s = 9.47817 x 10 Btu/s = 3.4121 Btu/h
=1.341 x 103 hp (horsepower)
Viscosity 1Pas=1Ns/m?=1kg/ms
=10 poise = 10 dynes's/cm? = 10 g/cm's
=103 cp (centipoise)
=0.67197 lbm/ft's = 2419.088 lb,,/fth
Density 1kg/m® =103g/cm3

Volumetric Flow

=0.06243 Iby/ft3
103 kg/m3 =1 g/cm?® = 62.428 Ibm/ft3

1 m3/s=35.31467 ft3/s=15,850.32 gal/min (gpm)
1 gpm = 6.30902 x 10° m3/s=2.228009 x 107 ft3/s=3.7854 liter/min
1 liter/min=0.26417 gpm
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Temperature T(°C)= %[T (°F) —32]
TCF)=2T(°C)+32=1.8T(°C) +32

Absolute Temperature T(K) =T(°C) + 273.15
T(°R) = T(°F) + 459.67

Temperature Interval (AT) 1C°=1K=18F =18R’

°

1F° = 1R" =(5/9) C" = (5/9) K

USEFUL QUANTITIES

SG = p(20°C)/p water (4°C)

Pwater(4°C) =1000 kg/m3 = 62.43 lb,/ft> = 1.000 g/cm?
Pwater(25°C) =997.08 kg/m3 =62.25 |bm/ft3 = 0.99709 g/cm3

g =9.8066 m/s? =980.66 cm/s% = 32.174 ft/s?

Hwater (25°C) =8.937 x 10 Pa's = 8.937 x 10* kg/m's
=0.8937 cp =0.8937 x 102 g/cm's = 6.005 x 10** lby/ft's

Composition of air: N> 78.03%
(0]) 20.99%

Ar 0.94%

CO, 0.03%

H,, He, Ne, Kr, Xe 0.01%

100.00%

Mair =29 g/mol =29 kg/kmol = 29 lb/Ibmole
Cowater (25°C) = 4.182 ki/kg K = 0.9989 cal/g’C = 0.9997 Btu/Ibm’F

R =8.314 m3Pa/molK = 0.08314 literbar/molK = 0.08206 literatm/mol-K
= 62.36 litermm Hg/molK = 0.7302 ft>atm/Ibmole°R
= 10.73 ft>psia/lbmole°R
=8.314 J/molK
=1.987 cal/mol-K = 1.987 Btu/Ibmole°R
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