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TABLE 7-1
ConTtiNuITY EQUATION IN RECTANGULAR CYLINDRICAL,
AND SPHERICAL COORDINA’I‘ES

6 _ _
9— =-V. (P‘F)
Rectangular (x, y, z) coordinates:

V-0 = 2o + S o) + L ou)

Cylindrical (r, 8, z) coordjnateS'

Velpr) == ——(prvr) + ———(pve) + —(pvz)
Spherical (r, 8, ¢) coordinates:
V:(pv) = ——(pr vr) + ——s P 8?00% sin 6)
r si}l [ 5'3(‘0%)
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TABLE 7-2
CaucHy MoMENTUM EQUATION
IN RECTANGULAR CARTESIAN (x, ¥, z) COORDINATES

x component: (66 S+ a2 av" o 6”" + s av") = S &1"" df" Z 4 S af”‘ + pg=

ycompo_nent': ( Y |y ,3?4. ’?i?*‘”"’%?) 5p+6rxy+3fw+5fzy+pgy

z component: (aﬁ’ Folegs Ove =y '?;;f + vz (?;‘Z = + s?r,, + &1:" Z 4= 61,, + pg:

TABLE 7-3
STrESS CONSTITUTIVE EQUATION
FOR A NEwTONIAN FLUID
N RECTANGULAR CARTESIAN
(J'c, ¥, z) COORDINATES

Tox = r:[Z'J”" — v~ V)]

= n[z"”y ¥ - v)]
T 11[2% —3 -]
— [avx ® }

e ﬂ[avy i@ av,]

d'u; L Bﬂx

Tex = Txz =

(Vo) = B Gy S0

. TABLE 7-4
NAVIER-STOKES EQUATIONS FOR A NEWTONIAN FLUID
WITH A CONSTANT VISCOSITY IN RECTANGULAR CARTESIAN
(x, ¥, ) COORDINATES?

T, 2
X component: (ax+vxavx+vy%1;'+uzavx)= gi-l—n(%%-l—%%%“%)

¥ component: ( Y 4 gy =2 aﬂy + yav" + za”") Bi +?!(%?{ + g;ﬂf + 5;:7-)

2. 2 2
ceompmen: (3 vtz o) ool o3

aThe equations are written in terms of the equivalent pressure, ®.



TABLE 7-5

i
. f CaucHY MoMENTUM EQUATION
IN CYLINDRICAL (r, 8, z) COORDINATES
L . dv, dv, Ve dur __ vp? du\__ _dp
r " r component; ( + oL 4 2L = T+v‘73?) ==y
1 9tr9 _ Tog , Bt
. brgn Lt Gy

6 component: (ﬂ"" + v, 2 &”"‘ + 202 313’ 1 220 4, Ot ‘31’9) =-1op

1 3749 , d7s,
3—(" 27.6) + + 90+ 3z T P&
’ z component: ( +o, 2 6”‘ + ';9?;’ + ,%"_') = _gzp
4 E P 3’, (J'"L'r:) + = ﬂTe, + 81” + PEg:

STRESS CONSTITUTIVE EQUATION FOR A NEWTONIAN

Wi |
: TABLE 7-6
|
|
w FLUID IN CYLINDRICAL (r, 8, z) COORDINATES .

Trr = II[2 dor %(V -"'V)] ’
Top = 4[2(: (;? + U') V. V)]

e = n[22% 4. v]

: ;‘ Tn‘; = Tgr = ﬂ[rad (?) i ‘;3’
; Toz == Tz9 = 71['5”9 -+ : ?é‘

Tar = Tyz = ﬂ[dvz %1;’

V=L ghu) + Loy O




TaBLE 7-7
NAVIER-STOKES EQUATIONS FOR A NEWTONIAN FLUID
wiTH A CONSTANT ViscosiTY IN CYLINDRICAL (r, 6, z) COORDINATES"

r component: (‘L I ,3‘”1' + 1;0%; _ v; Hiy avr)_ _%?T)
r[E(Egen) + AT - A%+
¢ component: (a”f" + v, 28 a"ﬂ ue ‘:6' %%0 4 et ‘vrva e Qg:_a)= _:_%

e [dr(r Br(rva))+r2 [
) e

T Tz
1 02v, 631),]

61’: Haz
+73H+”' 9z
v
+ﬂ[r 6r( ’)+1‘—2W+ 9z2

z component : (a”" +oe Gt

9The equations are written in terms of the equivalent pressure, ¢

TABLE 7-8
CaucHY MOMENTUM EQUATION
IN SPHERICAL (r, 8, $) COORDINATES

2
y; (&v, ‘ vrﬂv, 1;361}, rmé Bv,. __vg (+ w)
1 9d%rg _ Tos + Tos
- e T PEr

~ %+ Fagp ) +m3“(“'93m")+rsma 7
&»vg g dvg vp dvg v,«ug __wg2cotd
( S YT + s nddp r )

Tro __

é,(Twsm&)-i—rsm& 0¢> = .
+"_’L.+”"“’¢cot9)

__ 1 8p 1 1&13,», 1 - drgp 4 Tr 2c0t9
T T rsind@ag r’-d (r ) + o +rsm66 +_£+ == Tes T PEY

r component:

# component:
cot [ cotf, .+ sgo

—_19p
TW (r T’G)—'—rsmﬂd

. dvg dvg |, vedvg _vg dug
¢ component: ‘0(6_+ r &r Babed ok +rsm9T




TaBLE 7-9
STRESS CONSTITUTIVE EQUATION. FOR A NEWTONIAN FLUID
IN SPHERICAL (r, 8, ¢) COORDINATES

e 3v.v)]

Trr = 1257
. n[z(l aw+ v.—) 3V -9

Tap = q[z(ﬁa—‘g +2 20t yy.y)]

= =a[r () + Ly -
o = vs0 = 1[0 (245) + g 75

Tor =T =1 rsfnﬂ%g e i(%)]

(V'Y)————(f' V) + ——5 B(’UeSln 8) tz %ﬁé

rsm90

v TABLE 7-10
P NAVIER-STOKES EQUATIONS FOR A NEWTONIAN FLUID
WITH A CONSTANT VISCOSITY IN SPHERICAL (r, §, ¢) COORDINATES®

Mg

2 2
_a@ 19 ( ;0 1 3 (. 00, 1 g2,
=—=gt r_ZW(r )+ e g sin 0F) + rramTe FTE
2. _ 2dve_ 2 3
~ 7t yage paveeord = zme7]
. dove &va vy Fvg vy Oug v,.vo __vgZcotl
8 cotipongnt; (6: Ty Y rm AR D 36 L) T “r_")

_1 (3(? o Ovg 1 J dvg 1 02yg
| roo tiaa(r e+ rZsinaaa(smgao)+““_r23mzaa¢.z
+2_(_9&_k ve 2cos 8 duy 5’8]

K r2d9 rZsinZ@ rZsinZ @ op

. dug 61),5 vg Ovg v Vg dvg | vguy Vgvg
greompanent; ( Flhgr r af rila rsind dg a2 r -+ r a0t 8)

__10@ 1d( ,d 1 3. odv 1
=~ rsnoag Trzar (’zﬁ;ﬁ) T and sinﬂ@(sma a&) t rTsmz e 95t

vy & 2 64;,. 2cos @ ﬂva:[
r2sin2@ ' r%sin 6 9¢ rzsmzﬂd’qb

9The equations are written in terms of the equivalent pressure, ®.




TABLE 6.2 Selected dimensionless groups of heat and mass transfer

Group Definition Interpretation
Biot number hL Ratio of the internal thermal resistance of a solid
(Bi) ks to the boundary layer thermal resistance.
Mass transfer b b Ratio of the internal species transfer resistance to
Biot number i e boundary layer species transfer resistance.
: D
(Bi,,) AR
Bond number gl — p)L? Ratip of gravitational and surface
(Bo) I3 tension forces.
Coefficient 7 Dimensionless surface shear stress.
of friction ;
(oh) pva2
Eckert number V2 Kinetic energy of the flow relative to the
(Ec) (T, — T.) boundary layer enthalpy difference.

Fourier number at Ratio of the heat conduction rate to the rate of
(Fo) 12 thermal energy storage in a solid. Dimensionless
time.

Mass transfer Dt Ratio of the species diffusion rate to the rate of
Fourier number 2 species storage. Dimensionless time.

L
(Fo,)
Friction factor Ap Dimensionless pressure drop for internal flow.
&) (LID)(pu/2)

Grashof number
(Gr)

Colburn j factor
(Jm)

Colburn j factor
)

Jakob number
(Ja)

Lewis number
(Le)

Nusselt number
(Nuy)

Peclet number
(Pep)

Prandt]l number
(Pr)

Reynolds number

(Rey)

Schmidt number
(Sc)

Sherwood number
(Shy)

Stanton number
(S

Mass transfer
Stanton number
(51,,)

Weber number
(We)

8T, — T

St pris

St Sc¥?
Cp(T.l‘ - Tsal)

hfg

Dy
h,L
D AB

h _ Ny
pVe, " Re_ Pr
h, Sh
V ReSe

pV3L
fod

Measure of the ratio of buoyancy forces to
viscous forces.

Dimensionless heat transfer coefficient.

Dimensionless mass transfer coefficient.

Ratio of sensible to latent energy absorbed
during liquid—vapor phase change.

Ratio of the thermal and mass diffusivities.
Ratio of convection to pure conduction heat

transfer.

Ratio of advection to conduction heat transfer
rates.

Ratio of the momentum and thermal diffusjvities-
\

Ratio of the inertia and viscous forces.

Ratio of the momentum and mass diffusivities.
Dimensionless concentration gradient at

the surface.

Modified Nusselt number.

Modified Sherwood number.

Ratio of inertia to surface tension forces.



