ME 309 Formula Sheet

Basic Equations
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Data

p =1000 kg/m®

1 =1.00x10"2 kg/(m-s)
p=1.23kg/m®
n=179x10" kg/(m-s)
¢, =1.00 kl/(kg - K)

¢, =0.717 k¥/(kg - K) L Air
R =0.287 kl/(kg - K)

} Water

}Air (STP)

Definitions and Conversions

Specific gravity, SG = plpy, ,(at4°C)

Kinematic viscosity, v = p/p

1Pa = N/m% 1atm = 101 kPa = 14.7 psia
1ft = 0.305m; g = 9.81 m/s* = 32.2 ft/s?
11lb, = 0.454 kg; 1slug = 32.2 Iby,

1 Ibs= 32.2 Iby,-ft/s? = 1 slug-ft/s?

1t = 7.48gal; 1 m® = 10° litre

1hp= 550 ft-lb/s = 746 W

1Btu = 778 ftlb; = 1.06 kJ

1000L=1m?

Euler’s Equations in Streamline Coordinates

ME 309 Formula Sheet

&N . N| o oz
AT Vi A I R il
p[at ’ 65} as 9%
Vi, @
PR "on an
Parameter Laminar (Re < 500,000) Turbulent (Re > 500,000)
(Estimated)
99% thickness, & o 50 o 0382
X Rel X Rel
displacement thickness, 8p or 8 op 172 o, 0.0478
X Re/ X  Re}
momentum thickness, 8y or © oy _ 0.664 oy 0.0371
X  Re’ X  Re’
friction coefficient, C; T 0.664 C T, 0.0594
" ypU? Re’ T ypU? Re’
drag coefficient, Cp c D 1.328 c D 0.0742
° 3 pUAW  Rel ° Ty pULW  Re’
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continuity equation

ME 309 Formula Sheet

rectangular coordinates (x, Y, z) cylindrical coordinates (r, 0, z)
o o), Aeu, ) alen,) | o, Lolpr,) 1lm,) o)
ot OX oy 0z ot r or r o6 0z

stress tensor components for a Newtonian fluid

rectangular coordinates (x, Y, z) cylindrical coordinates (r, 6, z)
ou, 2 ou. 2
=—p+u|2—2-—(V-u =—p+u|2—-—(V-u
Tw =P ”[ x 3l )J Tn =P “{ or 3l )}
ou, 2 10u, u 2
=—p+u|2—L-=(V-u =— 2| =24+ |-=(V-u
Oy p ,U|: oy 3( )} Opg p {(r 20 rj 3( )}
ou, 2 ou, 2
=—p+u|2—--—(V-u 0,=- 2—+——(V-u
-\ I EE U]
Oy =0, = ou, +—6uy Oy =0y = ra[u") 1,
v T T S T e e A YT
o = fou o, o o = {aug +18uz}
O-xz _sz =H az 8X 0z 26 ,u 7 r 69
ou ou, ou,
O'yzzo-zy:/u 7y+auz er:Grz::u[ i|
0z oy or 0z
ou 1 o(ru 10ou ou
V'UZaux+ y+auz V'U—— ( T) 4 z
ox oy oz r or r o oz

Navier-Stokes equations for a Newtonian fluid with constant density (p) and dynamic viscosity (p)

rectangular coordinates (x, y, 2):

au, au, au, au, op o%u, d%u, d%u,
P +u, +u, +U, =——tpu—+— +— |+,
ot OX oy oz OX OX oy oz
ou ou ou ou o’u, 0°u, 9%
Pl —=+U, —+U, —+U, — =—@+y L —L+— 4+
ot ox oy oz oy ox?  oy? oz’
ou, ou, ou, au, op o%u, 0°u, 9%y,
Yo, +u, +U, +u, =—— At U —+—t— |+ A,
ot OX oy oz oz OX oy oz
cylindrical coordinates (r, 0, z):
ou, ou  u,ou Ui au op o(10o 1 0%, oy,
pl Sy St T Moy T |- By 2 2D () e e T
ot o r oéé r oz or or\ror r-o0° oz
2
p(auewraua uaauuur%wzauej:_lapw 8(16(%)}12@ u;,
ot or r 06 r 0z roe or\ror r- o6
[auz du,  u, du, 8uzj__8p+ 1a[rauzj+1azuz o, |, s
Pla " ar "vae “a) e Mvarl o )Tvreer e TP
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Math Formulas

%(cosx):—sinx %(sin X) = cos X

i(tan X) = sec? x i(secx) =sec xtan x

dx

i(cscx):—cscxcotx i(cotx):—csczx

dx X

d 1 d

&(In x)_; &[exp(ax)]_aexp(ax)

Jsinzxdx:}éx—%sinZX Jcosz xdx = ¥ X + ¥,sin 2x

Jtanz xdx = tan x — x

ME 309 Formula Sheet

sin(a + B) =sinacos B + cosasin B
cos(a + ) =cosacos f—sinasin B

tan(a+/3) tana +tan S
l-tanatan g

sin? (Zj = %(1— cosd) cos® (2) = %(1+ cosd)

jsin3 xdx = — (2 +sin” x) cos x

[ cos® xdx = %(2+cos® x)sinx [ tan® xdx = % tan” x+ In |cos X

miscellaneous vector operations (In the table below: Nis a scalar and n is a vector.)

rectangular coordinates (x, y, z)

cylindrical coordinates (r, 0, )

(anX on, jA
- e, +
oz ox )’

o, _on,
ox oy )’

D>

wn=Ng MNg Ng vN=Ng LN, N
OX oy ' oz or r oo 0z
v.n:%+ﬂ+anz V-nzli(rnr)+l%+%
ox oy oz ror roe oz
on, on, ). 1on an[,jA
|z Ty Vxn=|-2z_2"%
v [8y 6z]ex+ " (rae a )T

0z

1( 0
?(a“

(an, ansz
L 1§, +
or

on, )
ng)—ag g,

2 2 2 2 2
V3N = ON + oN +a N V°N =1i(r@j+%g+g
ox2 8y2 072 ror\_ or r- o6 oz
DN ©ON ON ON ON DN ©ON ON u, oN oN
—=—+Uu,— —+Uu,— —=—+U —+F—+Uu,—
DT ot ox oy oz Dt ot or r 060 0z

Lagrangian (aka material, substantial) Acceleration

rectangular coordinates (x, Y, z) cylindrical coordinates (r, 9, 2)
2

Du, _ oy, +U, o, +u, ou, +u, o, Du, _au, | r% U, Ou, Uy u, ou,

Dt ot OX oy oz Dt ot or r o0 r oz
Duy :% %-FU %4_ % _Du9 :% %+U_9%+_Urug +Uu %
Dt ot * ox Yoy Loz Dt ot “or r 00 r t oz
Du, ou, du,  ou,  ou, Du, _ou, . oy,  U,0u, . au,

Dt ot ax gy iy Dt ot 'or r oo o
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Average Roughness, g, of Commercial Pipes

ME 309 Formula Sheet

Material (new) ft mm
Riveted steel 0.003-0.03 0.9-9.0
Concrete 0.001-0.01 0.3-3.0
Wood stave 0.0006-0.003 0.18-0.9
Cast iron 0.00085 0.26
Galvanized iron 0.0005 0.15
Asphalted cast iron 0.0004 0.12
Commercial steel or wrought iron 0.00015 0.045
Drawn tubing 0.000005 0.0015

Plastic, glass

Table of Minor Loss Coefficients

0.0 (smooth)

0.0 (smooth)

Component K, Component KL
a. Elbows
Regular 90°, flanged 0.3 Valves
Regular 90°, threaded 15 Globe, fully open 10
Long radius 90°, flanged 0.2 Angle, fully open 2
Long radius 90°, threaded 0.7 Gate, fully open 0.15
Long radius 45°, flanged 0.2 Gate, ¥4 closed 0.26
Regular 45°, threaded 0.4 Gate, % closed 2.1
Gate, % closed 17
b.  180° return bends Swing check, forward flow 2
180° return bends, flanged 0.2 Swing check, backward flow
180° return bends, threaded 15 Ball valve, fully open 0.05
Ball valve, 1/3 closed 55
c. Tees Ball valve, 2/3 closed 210
Line flow, flanged 0.2
Line flow, threaded 0.9 Entrances
Branch flow, flanged 1.0 Re-entrant 0.8
Branch flow, threaded 2.0 Sharp-edged 0.5
Slightly rounded 0.2
d.  Union, threaded 0.06 Well rounded 0.04
Exits
Re-entrant, sharp-edged,
slightly rounded, well-rounded 1.0
h.  Sudden Contraction/Expansion:
Contraction Expansion —‘
e el
1 —A A — Ay
a .
5 10 T s Afml S A}m 1.0 :—
S W 06 —o,sgli:"
g 4';‘ 0.4 —Ho04 8
ge— 02~ o2 5.5
g 0 L o £
5 0 02 04 08 10 §

Area ratio, AR

Fig. 8.15 Loss coefficients for flow throu

(Data from [1].)
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ideal gas relations

p=pRT du=c,dT dh=c,dT
c k 1
k=/ c,=¢C, +R c =— R c = R
Cv p v p k—l v k_l
¢ = JKRT gs—c T _gIP_o dT pdv

T p T Vv

properties of air (treated as a perfect gas)
k=14 R =287 % c, =1005 fim c, =718 Nm

R=533 5% ¢, =187 p2= ¢, =133 32
adiabatic relations for a perfect gas
2 2 B -1
T0=T+V— l:(ij :(l+u|\/|a2j
2c, T, (¢ 2
isentropic relations for a perfect gas
%71 %,1 k
&:(T_zj &Z(T—Zj &:(&J
Py T P T P A1
B Y B Ko
ﬂ:{uulvlazj £=(1+uMa2J
Po 2 Po 2
k-1 2 Z(kktll) k+1
A 1|t Ma . k-D\eww [k .
_— 1 Menoked = 1+ —— Po —A
A Ma 1. K= 2 RT,

conditions across a normal shock wave
2 (k-1)Maj +2

* 2kMa’ - (k -1)

&zz_kM i’-_ﬂ

p, k+1 k+1

p Vo (k+1)Ma;

oV, 2+(k—1)Ma12

2kMa12 —(k—1)

[(k+1)Ma, |

_Tr—j:[z+(k—1)|v|af]

&:&:iz (k +1) Maf My k+1 ey
P P A | 2+(k-1)Ma] 2kMaZ - (k -1)
TOl
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