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Table 1.2 Secondary Dimensions in Fluid Mechanics

Secondary dimension S1 unit B unit Conversion factor

Arca {L%} m’ ft | m* = 10.764 ft’

Volume {1} m’ fi I m* = 35315 f¢

Velocity (LT} m's fi's 1 fi's = 03048 m/s
Acceleration {LT ) m's" fit/'s” 1 fi's™ = 03048 m/s”

Pressume or stress [ML™'T7) Pa = Nfm®  Ibfift’ 1 Ibf'fi* = 47.88 Pa

Angular velocity (' 57 5! 1" =15"

Energy, heat, work [ML*T}  J=N.m ft - Ibf I ft - Ibf = 1.3538 ]

Power | ML T} W= ft - Ibffs I fi - Ibffs = 1.3558 W

Diensity { ML) kg.l'm3 h‘Jugr.l'\"l.3 | :.ILL_E.l'ﬁ3 = 5134 kgl'm3
Viscosity {ML~'T~'] kg/im - =) slugafi(ft - 5) | slogfift - s) = 47.88 kg/im - =)
Specific heat [LT-%7") m#s* - Ky  fNs" - °R) I m¥(s" - K) = 5.980 fi¥(s* - "R)
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Solution

We need to find the (a) mass; (b) weight on the moon; and (¢) acceleration of this body.
This is a fairly simple example of conversion factors for differing unit systems. No prop-
erty data is needed. The example is too low level for a sketch.

Part (a)

MNewton's law (1.2) holds with known weight and gravitational acce leration. Solve for m:

1000 b

F=W=1000 Ibf = mg = (m)(32.174 ft's"), or m=———
32.174 ft/s

= 31.08 slugs

Convert this to kilograms:
m = 3108 slugs = (31.08 slugs)(14.5939 kgfslug) = 454 kg Ans. (a)

Part (b)

The mass of the body remains 454 kg regardless of its location. Equation (1.2) applies
with a new gravitational acceleration and hence a new weight:

F = Wpm = Mgmen = (434 kg)(1.62 m/s?) = 735 N = 165 Ibf Ans. (B)
Part (c)

This part does not involve weight or gravity or location. It is simply an application of
Newton's law with a known mass and known force:

F =400 Ibf = ma = (31.08 slugs) a

Solve for

400 Ibf fi m m
——— > _1287= (03048 2) =322 Ans. (¢
“= 31.08 slugs 5 ( n) 52 ns. (c)

Comment (c): This acceleration would be the same on the earth or moon or anywhere.
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EXAMPLE 12

Industries involved in viscosity measurement [27, 29] continue to use the CGS system
of units, since centimefers and grams yield convenient numbers for many fluids. The
absolute viscosity (u) unit is the peise, named after J. L. M. Poiseuille. a French phy-
sician who in 1840 performed pioneering experiments on water flow in pipes: | poise
= | gficm-s). The kinematic viscosity () unit is the stokes, named after G. G. Stokes,
a British physicist who in 1845 helped develop the basic partial differential equations of
fluid momentum; 1 stokes = 1 cm’fs. Water at 20°C has u = 001 poise and also v =
001 stokes. Express these results in (@) SI and (#) BG units.

Solution

Part (a)

s Approach: Systematically change grams to kg or slugs and change centimeters to
meters or feet.

« Property values: Given g = 001 gficm-s) and & = 0.01 cm¥s.

» Solution steps:  (a) For conversion to SI units,

p=001 —2— =001 Ci:;;g’;lﬁgj; _ 0001 .:i
v =001 “T"'I _ g1 SOOI mem) | o0o01 '“TE PR
Part (b)
» For conversion to BG units
=001 G =001 B o s = 00000209 72
- em’(0.01 mfem)*(1 1t/0.3048 m)” fit*

v = u.m%:n.m

- = 0.0000108 e Ans. (b)

» Comments: This was a laborious conversion that could have been shortened by
using the direct viscosity conversion factors in App. C or the inside front cover. For
example, pypg = psy'47.88.
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EXAMPLE 13

A useful theoretical equation for computing the relation between pressure, velocity, and
altitude in a steady flow of a nearly inviscid, nearly incompressible fluid with negli-
gible heat transfer and shaft work® is the Bernoulli relation, named after Daniel
Bernoulli, who published a hydrodynamics textbook in 1738:

m=p+3pV + peZ (1

where py = stagnation pressure
p = pressure in moving fluid
¥ = velocity
@ = density
Z = altitude
£ = gravitational acceleration

{a) Show that Eq. (1) sau'sﬁesi the principle of dimensional homogeneity, which states
that all additive erms in a physical equation must have the same dimensions. (b) Show
that consistent units result without additional conversion factors in SI units. () Repeat
(E) for BG umits.
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Solution

Part (a)

We can express Eq. (1) dimensionally, using braces, by entering the dimensions of each
term from Table 1.2:

IMLT'T™2) = (ML7'T2} + {MLVLAT72) + (ML HLT L)

= [ML™'T™*} for all terms Ans. (a)
Part (b)
Enter the SI units for each guantity from Table 1.2:

[Nm’} = {N/m’} + {kg/m’} {m?/s’} + {kg/m’ }{m/s”} {m}

= {N/m’} + {kg/(m - s")}
The right-hand side looks bad until we remember from Eq. (1.3) that 1 kg =1N - s'fm.
[N - s¥/m)

AN -sfmy ]
(m- = [N/m"} Ans. (B)

{kglim-s")} =

Po=p+3pV + peZ (1)

where p, = stagnation pressure
p = pressure in moving fluid

V = velocity
p = density
Z = altitude

g = gravitational acceleration

{a) Show that Eq. (1) satisfies the principle of dimensional homogeneity, which states
that all additive terms in a physical equation must have the same dimensions. () Show
that consistent units result without additional conversion factors in SI units. {¢) Repeat
(b) for BG units.
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Solution

Part (a)

We can express Eq. (1) dimensionally, using braces, by entering the dimensions of each
term from Table 1.2:

(MLT'T %) = (ML7'T %) 4 (ML VLT ) 4 (ML HLT ) L)

= [ML™'T "} for all terms Ans. (a)
Part (b)
Enter the SI units for each guantity from Table 1.2:

[N’} = {Nim?} + {kg/m’}{m¥s’} + {kg/m’} {m/s’} {m}

= {N/m’} 4 {kg/(m - s%)}
The right-hand side looks bad until we remember from Eq. (1.3) that | kg = I N - s%/m.
_ {N-s¥m]

— 1 -
me {N/m~} Ans. ()

{kg/(m - s7)}

Thus all terms in Bernoulli’s equation will have units of pascals, or newtons per square
meter, when Sl units are used. No conversion factors are needed, which is true of all
theoretical equations in fluid mechanics.

Part (c)

Introducing BG units for each term, we have

[Ibt/f*} = {Ib*} + {slugs/f* {257} + {slugs/f’} {f/s”}{ L}
= {Ibifft’} + {slugs/(ft - s7)}

But, from Eq. (1.3), 1 slug = 1 Ibf - s¥/ft. s0 that

{Ibf - 5™t}

lugs/(ft - s7)} =
Pelugsf -0} =0,

= {Ibffft") Ans. ()

All terms have the unit of pounds-force per square foot. No conversion factors are
needed in the BG system either.
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gas — Mgas .
SLS ol slos )5 ST .ol A = 49,700 ft-1bf/(slugmol - °R) = 8314 J/(kmol - K) -1 ,s a5
2ol M = 28.97g/mol = 28.97 Ib/lbmol ;T JsSUge 459 45 canl g (sl

49,700 ft - Ibf/(slugmol - °R : 2 2
Ry = (slug ) c 1716 L0 _ 716 T _ gy
28.971b/Ibmol slug - °R s“°R s” K
(1.12)
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Pair = = 0.00237 slug/ft’ = 1.22 kg/m®  (1.13)
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div = c(T)dT (1.14)
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h = ﬂ+£= ft + RT = h(T)
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dh = c,(T)dT
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U, Ratio Py 1% Ratio
Fluid kg/(m - s)' wlu(H,) kg/m’ m%/s’ viv(Hg)
Hydrogen 9.0 E-6 1.0 0.084 1.05 E-4 910
Air 1.8 E-5 2.1 1.20 1.50 E-5 130
Gasoline 2.9 E4 33 680 4.22 E-7 3.7
Water 1.0 E-3 114 998 1.01 E-6 8.7
Ethyl alcohol 1.2 E-3 135 789 1.52 E-6 13
Mercury 1.5 E-3 170 13,550 1.16 E-7 1.0
SAE 30 oil 0.29 33,000 891 3.25 E4 2,850
Glycerin 1.5 170,000 1,260 1.18 E-3 10,300

"1 kg/(m - s) = 0.0209 slug/(ft - s): 1 m¥s = 10.76 ft'/s.
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