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Table A-1

Metric conversion factors [SI units to U.S. customary units}

Acceleration
meters per second squared

meters per second squared

Area

hectare {10,000 m?)
square cenfimeter
square kilometer
square kilometer
square meter
square meler

,

Energy
kilojoule
joule

joule

joule

joule
kilojoule
kilojoule
megajoule

Force
newlon

Flowrate

cubic meters per day
cubic meters per day
cubic melers per second
cubic meters per second
cubic meters per second
liters per second

liters per second

liters per second

Z

m3/d
m3/d
mi/s
mi/s
m3/s
L/s
L/s
L/s

32808 ft/s?
39.3701] in/s
24711 ac
0.1550 in?
0.3861 mi?
247.1054 ac
10.7639 fr2
1.19460 yel?
0.9478 Btu
27778 x 10°7 kw-h
0.7376 fr-lby
1.0000 W-s
0.2388 cal
27778 x 104 lkw'-h
0.2778 W-h
0.3725 hph
0.2248 Iy

2641720 gal/d
26417 x 1074 Mgal/d
35.3147 fti/s
228245  Mgal/d
15,850.3 gal/min
22,824.5 gal/d
2.2825 x 102 Mgal/d
158508  gal/mm

feet per second squared
inches per second squared

acre
square inch
square mile
acre
square foot
square yard

British thermal unit
kilowatt-hour
foot-pound {force)
walt-second
calorie
kilowatt-hour
watt-hour
horsepower-hour

pound force

gallons per day
million gallons per day
cubic feet per second
million gallons per day
gallons per minute
gallons per day
million gallons per day
gotlons per minute
{continued)
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1730 | Appendix A Conversion Factors

| Table A-1 (Continued)

Length
centimeter
kilometer
meler
meter
meter
millimeter

Mass

grom

grom

kilogram
megagram {10 kg)

Power
kilowatt
kilowatt

wrtt

Pressure (force/area)

Pascal {newtons per square meter)

Pascal {newtons per square meter)

Pascal {newlons per square meler)

Pascal {newlons per square meler)
kilopascal (kilonewtons per square meter)
kilopascal [kilonewlons per square meler)

Temperature
degree Celsius (centigrade)
degree Kelvin

Velocity
kilometers per second
meters per second

Volume

cubic cenfimeler
cubic meter
cubic meter
cubic meter
cubic meter

liter

liter

liter

Pa (N/in?)
Pa {N/in?)
Pa [N/in?)
Pa [N/in?)
kPa (kN/m?)
kPa (kN/m?)

°C
K

km/s

m/s

0.3937
0.6214
39.3701
3.2808
1.0936
3.9370 x 10

n~

~

3.5274 x 10~

2.2046 < 107
2.2044
1.1023

w

0.9478
1.3410
0.7376

1.4504 x 101
2.0885 x 10 2
29613 % 10 4
40187 = j0 3
0.1450
986488 % 103

1.80°C) + 32
1.8(K} - 459.67

22369
3.2808

6.1024 x 1072
353147
F.3079
2641720

8.1071 x 1074
0.2642

3.5315 % 107
33.8150

oz
b
b

ton

Btu/s

H—!b;/s

Tb;/in?
by /2
inHg
in H,O
toy/in?

abm

°F
F

mi/h
fi/s

in?
yd?

gal
GC‘H’

gol
i3

oz

inch

mile
inch
foot
yard

inch

ounce
pound
pound
ton [short: 2000 [b)

British thermal units per secon
horsepower
foot-pounds [force] per second

pounds (force) per square inch
pounds (force) per square fool
inches of mercury (60°F)
inches of water {60°F}
pounds {force} per square inch
atmosphere [standard)

degree Fahrenheit o
degree Fahrenheir

miles per hour
feet per second

cubic inch -
cubic koot .:“
cubic yard
gollon ¥
acre-foot i[
gallon oY
cubic foot

ounce {U.S. fluid}

w G i E
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[ Table A-2
U.S. customary conversion factors {U.S. customary units to Sl units)

 Acceleration

: feet per second squared ft/s? 0.3048¢ m/s? meters per second squared
! inches per second squared in/s? 2.54 x 10" % m/s? meters per second squared
: Areq

L acre ac 4046.8564 m? square meter
acre ac 0.4047 hae heciare

§ square foot ft? 9.2903 x 10-% m? square mefer

i square inch in? 4.4516 om? square cenfimeter

: square mile mi? 2.5900 kin? square kilometer

¥ square yard ya? 0.83461 m? square meler

Energy

g’i British thermal unit Blu 1.0551 K kilojoule

¥ British thermal units per kilowatt-hour Bru/kwh 1.0551 kI/kw-h kilojoules per kilowat-hour
£ walt-hour W-h 3.600¢ ki kilojoule

" walt-second Wes 1.000¢ J Joule

" Force

& pound {force) by 4.4482 N Newton

j: Flowrate

# cubic feet per minute : f3/min 47190 x 10 m3/s cubic meters per second
cubic feet per minute 3/ min 0.4719 Lo/s liters per second

cubic feet per second f3/s 28317 x 102 m3/s cubic meters per second

§ gallons per day gal/d 43813 x 10 * m3/s cubic mefers per second

b gollons per day gal/d 4.3813 x 10 2 L/s liters per second

gollons per minute gal/min 6.3090 x 10 3 m*/s cubic mefers per second

}’ gallons per minute gal/inin 6.3090 x 102 Lo/s liters per second

& million gatlons per day Mgad/d 438126 Lfs fiters per second

!‘_ million gallons per day Mgal/d 37854 x 10° ‘m¥/d cubic meters per day

million gatlons per day Mgal/d 43813 x 10 ? m/s cubic meters per second

;' Length

8 foot ] 0.3048° m meter
;inch in 2.54¢ cm centimeter
f’inch in 2.54 x 10~ m mefer

' inch in 25.4° mm millimeter
miles mi 1.6093 kim kilometer
 yard yd 0.9144° m mefer

(continued)
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| Table A-2 [Continved)

Mass

ounce oz 28.3495 g gram

pound {mass) b, 4,5359 x 107 g gram

ton [short: 2000 b} ton 0.9072 Mg megagram {107 kilogram)

ton (long: 2240 1h) ton 1.0140 Mg megogram {102 kilogram)
Power

British thermal unit Btu/s 1.0551 kw kilowatt

foot pound {force} per second ft-lby/s 1.3558 W watt

horsepower hp 0.7457 kw kilowatt

horsapower-hour hp-h 2.6845 M) meguojoule

kitowatt-hour kwh 3.6000 MJ megajoule

Pressure {force/area)

atmosphere (standard) atm 1.0133 % 10?2 kPa (kN/m?)  kilopascal [kilonewton per square meter)
inches of mercury (60°F) in Hy [60°F)  3.3768 x 109 Pa [N/in?})  Pascal {newtons per square meter)
inches of water {60°F) in HyO (60°F)  2.4884 x 102 Pa (N/in?)  Pascal {newtons per square meter}
pounds per square foot Ib/H2 47 .B803 Pa (N/m?)  poscol {newlons per square meter]
pounds per square inch Ib,/in? 6.8948 x 109 Pa {(N/m?)  Newlons per square meter
pounds per square inch thy/in? 6.8948 kPa (N/m?)  kilonewtons per square meter
Temperature

degree Fahrenheit °F 0.555 (°F — 32) °C degree Ceksius [centigrade)
degree Fahrenheit °F 0.555 (°F + 459.67) K degree Kelvin

Velocity

feet per minute f/min 5.0800 x 102 m/s meters per second !
feet per second fi/s 0.3048¢ m/s meters per second

miles per hour mi/h 1.6093 km/h kitometers per hour

miles per hour mi/h 0.44704° m/s meters per second

Volume

acre-foot ac-ft 1.2335 x 103 m? cubic meter

cubic foot e 2.8317 x 10 ? m? cubic meter

cubic foot I3 28.3168 L liter

cubic inch in’ 16.3781 cm? cubic centimeter

cubic yord yd? 0.7646 m? cubic meter

gallen gal 3.7854 x 10 3 m? cubic meter

gallon gal 3.7B54 L liter

ounce (U.S. fluid) oz 29573 x 10 2 i fiter

9Exact conversion.



ble A-3
Lonversion factors

gbmputoﬁons

3/ m2-°Ces
kg

kg/ha
kg/kw-h
kg/m?
kg/m3
kg/m3
kg/m3d
kg/m3h
kJ

ki/kg

kPa {gage)
kPa Hg (15.5°C}
kW/m?
kw/10° m3
L

L/m-min
t/m?-d
l./mZmin
L/mZmin
m

m/h

m/h

m/h

m2

m? 10%m3-d
m?/s

m3

m3

m?
m*/capita

m3/d

0.1550
35274 x 10 2
8.3454
2.4711
0.1763
2.2046
0.8922
1.6440
0.2048
6.2429 x 10-2
8345.3205
62.4280
6.2428 x 1072
0.9478
0.4303
0.1450
0.2961
5.0763
37973 x 102
0.2642
8.0520 x 102
2.4542 x 10-2
2.4542 % 10-2
35.3420
3.2808
3.2808
5.4681 x 1072
0.4090
10.7639
2.4542 x 10-9
10.74639
8.1071 x 104
264.1720
1.3079
353147
26417 x 104

Appendix A Conversion Factors

64516
28.3495
0.1198
0.4047
5.6735
0.4534
1.1209
0.6083
4.8824
16.0181
1.1983 x 104
1.6018 x 1077
16.0185
1.0551
2.3241
6.8948
3.3748
0.1970
26.3342
37854
12.4193
40.7465
40.7465
2.8295 x 1072
0.3048
0.3048
18.2880
2.4448
92903 x 1072
407.4611
9.2903 x 102
1.2335 x 103
3.7854 x 103
0.7646
28317 x 102
3.7854 x 10%

1733

in2/s
ounce
ib/Mgal

ac
Btu/H2-°F-h
lb

Ib/ac
Ib/hp-h
b/

tb/h3

b/ Mgal
b/10% #-d
lb/f3-h

Btu

Bu/lb
lby/in? {gage)
in Hg {60 °F}
hp/10° gal
hp/10% i
gal
gal/ft-min
gal/H2-d
gal/f2-min
gal/fi?-d

i

ft/h

ft/ min
gal/k2-min
f2

2/ mgal-d
fi2/s

ac-ft

gal

yd?
f/capita
Mgal/d

{continued)
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I Table A-3 {Continved)

m3/h
m3/s
m/s
m3/ha-d
m3/kg
m3/m-d
m?/m-min
m3/m2-d
mS/mQ.d
m3/m2-d
m3/m2-h
m¥/m2-h
m3/m2-min
m3/m?
m3/ 102 m?
m?/m?-min
m3/m?-min
Mg/ha
mm
N-s/m?
W/m?-K

0.5886
353147
22.8245
106.9064
16.0185
B0.5196
10.7639
24.5424
1.7043 x 102
1.04691
3.2808
589.0173
24.5425
0.1337
133.6805
133.6803
1000.0
0.4461
3.9370 x 10 ?
210885 x 10-?
0.1762

1.6990
28317 x 10°?
43813 x 102
9.3540 x 102
6.2428 x 10 2
1.2419 » 107
92903 % 102
40746 x 102

58.6740

0.9354

0.3048
1.6977 % 1073
40746 x 102

7.4805

7.04805 x 102
7.04805 % 103
1% 103

2.2417

25.4
47 8810
5.6745

K3/ min
/s
Mgal/d
gal/acd
/b
gal/ft-d
B/ fmin
gal /H?-d
gat/f2-min
Mgal/ac-d
3/
gal/f2-d
gat/f%-min
/gal

7/ Mgdl
#7107 gal-min
/102 f%-min
ton/ac

in

b5/
Biu/ft2-h-°F

*Although cm is not an 51 unit, the coeflicient of diffusion is most often expressed in units of cm2/

in the literature.
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Appendix C  Physical Properties of Water

Table C-1

20
100

Physical Properties of Water {SI Units}e

9.805
9.807
9.804
9798
9789
9777
9.764
9.730
9.689
9.642
9.589
9.530
9.466
¢.399

or a needle to float on the surface of a liquid. The surface-tension lorce across an
imaginary line at a free surface is proportional to the length of the line and acts in 4
direction perpendicular {0 it. The surface tension pet unit length s is expressed in New
tons per meter (N/m) in ST units. There is a slight decrease in surface tension wi
increasing temperature,

VAPOR PRESSURE

Liquid molecules that possess sufficient kinetic energy are projected out of the main’ 1§
hody of a tiquid at its lree surface and pass inlo the vapor. The pressure exerted by this © §
vapor is known as the vapor presstre p, . 10 STunits vapor pressure is expressed in kilo-
newtons per square meter (kN/m?). The vapor pressure of water at 15°C is 1.72 kN/m%:

REFERENCES

Vennard, LK., and R.1L. Street (1975 Elementary Finid Mechanics, 5th ed., Wiley, New York.
Webber, N.B. (1971) Fluid Mechanics for Civil Engineers, 51 ed., Chapman and Hall, London.

999.8

1000.0 205 1.518 1.519 0.0749
999.7 2,10 1.307 1.306 0.0742
999.1 215 1.139 1.13% 0.0735
998.2 217 1.002 1.003 0.0728
997.0 222 0.890 0.893 0.0720
9957 2.25 0.798 0.800 0.0712
992.2 2.28 0.653 0.658 0.0696
988.0 229 0.547 0.553 0.0679
?83.2 228 0.466 0.474 0.0662
977.8 2.25 0.404 0.413 0.0644
971.8 2.20 0.354 0.364 0.0626
965.3 2.4 0.315 0.326 0.0608
958.4 207 0.282 0.294 0.0589

2 Adapled from Vernard and Street [1975).
b At aimospheric pressure.

In contact with air,




