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FACTORS FOR UNIT CONVERSIONS Wrﬂﬂh
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 (&)
=39.3701 in =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
1ft3 = 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 lbs=32.174 Ibft/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 1W =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 |bm/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 lbn/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 lbm/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/molK = 1.987 Btu/Ibmole°R
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The Equation of Continuity and the Equation of Motion in Cartesian,

cylindrical, and spherical coordinates

CM3110 Fall 2011 Faith A. Morrison

Continuity Equation, Cartesian coordinates
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Continuity Equation, cylindrical coordinates
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Continuity Equation, spherical coordinates
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Equation of Motion for an incompressible fluid, 3 components in Cartesian coordinates
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Equation of Motion for an incompressible fluid, 3 components in cylindrical coordinates
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Equation of Motion for an incompressible fluid, 3 components in spherical coordinates
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Equation of Motion for incompressible, Newtonian fluid (Navier-Stokes equation) 3 components in Cartesian
coordinates
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Equation of Motion for incompressible, Newtonian fluid (Navier-Stokes equation), 3 components in cylin-
drical coordinates
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Equation of Motion for incompressible, Newtonian fluid (Navier-Stokes equation), 3 components in spherical
coordinates
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Note: the r-component of the Navier-Stokes equation in spherical coordinates may be simplified by adding 0 =

%V - v to the component shown above. This term is zero due to the continuity equation (mass conservation). See
Bird et. al.
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The Equation Of Energy in Cartesian, cylindrical, and spherical coordinates for

Newtonian fluids of constant density, with source term S. Source could be electrical energy due to
current flow, chemical energy, etc. Two cases are presented: the general case where thermal
conductivity may be a function of temperature (vector flux g = g/A appears in the equations); and the

more usual case, where thermal conductivity is constant.

Fall 2013 Faith A. Morrison, Michigan Technological University

Microscopic energy balance, in terms of flux; Gibbs notation

. (0T 5
pCp(E+1_J-VT)=—V-q+S

Microscopic energy balance, in terms of flux; Cartesian coordinates
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Microscopic energy balance, in terms of flux; cylindrical coordinates
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Microscopic energy balance, in terms of flux; spherical coordinates
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Fourier’s law of heat conduction, Gibbs notation: 6_7 = —kVT
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the Equation of Energy forsystems with constant k

Microscopic energy balance, constant thermal conductivity; Gibbs notation
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Microscopic energy balance, constant thermal conductivity; Cartesian coordinates
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Microscopic energy balance, constant thermal conductivity; cylindrical coordinates

é(6T+ 6T+v96T+ aT)_ 16(6T) 162T+62T S
Per ot " or T o0 T29z) T “\rar\"ar) T 2907 T 9.2

Microscopic energy balance, constant thermal conductivity; spherical coordinates
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Reference: F. A. Morrison, “Web Appendix to An Introduction to Fluid Mechanics,” Cambridge University
Press, New York, 2013. On the web at www.chem.mtu.edu/~fmorriso/IFM WebAppendixCD2013.pdf




Energy Balance Notes

CM2110/CM3110
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1. Closed System (note: A = X0 - Zinisiar )

AE+AE,+AU=Q,+ W, (FR)

Is it adiabatic? (if yes, Q;=0)

Are there moving parts, e.g. do the walls move? (if no, W,,=0)

Is the system moving? (if no, A E;=0)

Is there a change in elevation of the system? (if no, AE, =0)

Does T, phase, or chemical composition change? (if no to all, AU=0)

e o o 0 0 e

2. Open System (the fluid is the system) (note: A =X, - Z;,)
1. Is it a Mechanical Energy Balance (MEB) problem?
(turbulent, a=1; laminar, a=0.5; F= total frictional loss)
AP
—+
L
o T2V 8 AT F= Wi i (G)

I . _ Wson fluid
zaAV +gA~+F_—m (FR)

The mechanical energy balance is only valid for systems for which the following is true:

i.  single-input, single output

ii. small or zero Q,,
iii.  incompressible fluid (p = constant)
iv.  small or zero AT

2. Isit aregular open system balance?
* AE+AE+AH=Q,+W, (FR)
= Is it adiabatic? (if yes, Q;,=0)
= Are there moving parts, e.g. pump, turbine, mixing shaft? (if no, W, ,,=0)
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= Does the average velocity of the fluid change between the input and the output?
]
e 3
(if no, A E;=0); remember <v>=v,, = v :%, where (m?) is volumetric flow
rate.
= Is there a change in elevation of the system between the input and the output? (if
no,AE,=0)
= Does T, phase, chemical composition, or P change? (if no to all, AH=0)
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Calculating Internal Energy

1. Constant T, P changes only
(a) real gases => look it up in a table (e.g. steam, Tables B4, B5, B6)
(b) ideal ga: AG=0
(c) liquids, solids => A=0
2. Constant P, T changes only
(a) real gases =>look it up in a table (e.g. steam),

or,if Vis constant, Ad= [ Cv (T) dT
1

(b) ideal gases => A= fr’: Cv (T) dT

also, G,: C,+R
(©) Tiquids, solids Ad= [* Cv (T) dT
. . 1
also C, =~ C,

3. Constant T, P, phase changes
(a) real gases => look it up in a table (e.g. steam)
(b) liquid to vapor => Adi= ARL,,(T) - PAV,,,= AH,,, - RT
(c) solid to vapor => Ali= AH,(T) - PAV ., = A, - RT
(d) solid to liquid => Al = AH,,(T) - PAV 0= AH,.;
4. Constant T, P, mixing occurs
(a) gases =>Ad=0
(b) similar liquids => A =0
(c) dissimilar liquids/solids => Aii = AI:I‘,,,,,,,,,,,, Table 8.5-1, FR page 380
Note: be careful with units, A, [=] L

mole solute
5. Constant T, P, reaction occurs: Ad =4H,,,
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Calculating Enthalpy

1. Constant T, P changes only (Note: Since T is constant, U does not change.)
(a) real gases - look it up in a table (e.g. steam, Tables B4, BS, B6)
(b) ideal gases

A=0+pPV (1
= U+RT )
(- 1) = (0-0) + RT-T)  (3)
AR =AU =0 (€]
(c) liquids, solids
H=0+P0 )
AH = APPY) (6)
7V = constantwrt P (7)
AH=TV(AP) )

2. Constant P, T changes only
(a) real gases => look it up in a table to be most accurate (e.g. steam),
otherwise AH = fT‘Z ¢, (N dT
1
. B T2
(b) ideal gases => AH = le C, (Ddr
(c) liquids, solids => AH = fTZ ¢, (D dr
Ty P
3. Constant T, P, phase changes .
(a) liquid to vapor => AH = AH,,,(T)
Note: 4P+ _ Afvap cl N
ote: T = R - ap‘eyrnn equation
(b) solid to vapor => AH = I-{\“,,(’l')
(¢) solid to liquid => AH = AH,.(T)
4. Constant T, P, mixix}g occurs
(a) gases =>AH .
(b) similar liquids => AH =0 ) )
(c) dissimilar liquids/solids => AH = AH ji,, Table 8.5-1, FR page 380
Note: be careful with units, AH i [=]

mole solute
5. Constant T, P, reaction occurs:: Al = AH,.,
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Appendix I 739

T P p ux 105 vx10° k ax 10 px10%  ghpth? x 1076
CP)  (bnf®) Bube’F)  (bn/fts) @5  Bh ft°F)  (@@m) Pt (B (1/°F - 1)
Freon-12
—40 94.5 0.202 125 1.32 0.0650 3.40 14.0 9.10 168
-30 93.5 0.204 123 1.32 0.0640 335 14.1 9.60 179
0 90.9 0.212 116 1.28 0.0578 3.00 154 114 225
30 87.4 0.221 108 124 0.0564 292 153 13.1 271
60 84.0 0.230 99.6 119 0.0528 2.74 156 149 341
80 81.3 0.238 94.0 1.16 0.0504 2.60 16.0 16.0 384
100 787 0.246 88.4 112 0.0480 248 16.3 17 439
150 71.0 0.271 74.8 1.05 0.0420 2.18 174 19.5 625
T P cp ux105  vx10° k ax 10 Fx 100 gpptle® % 10-6
CB)  (bw/®) (BuulbnF)  (bg/ts)  (fs)  (Bwh fi°F)  @m) P (1F°F) (1P°E-10)
n-Butyl Alcohol
60 50.5 0.55 225 4.46 0.100 3.59 44.6
80 50.0 0.58 180 3.60 0.099 341 38.0 0.25 6.23
100 49.6 0.61 130 2,62 0.098 325 29.1 0.43 2,02
150 485 0.68 68 141 0.098 2.97 171
T P & ax105  wx10° k ax10® Bx10*  ghpPlutx1076
CF)  (bp/f?) (Bw/lbn’F)  (Ib/fts) (#1s) (Bw/hft°F)  (f2h)  Prx 1072 (1°F) (LP°F - 16)
Benzene
60 552 0.395 445 0.806 0.0856 3.93 7.39
80 54.6 0.410 38 0.695 0.0836 3.73 6.70 75 498
100 53.6 0.420 33 0.615 0.0814 3.61 6.13 72 609
150 518 0.450 24.5 0473 0.0762 3.27 521 6.8 980
200 499 0.480 194 0.390 0.0711 297 473
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