Heat & Mass Transfer Chapter 17. Principle of diffusion & Mass transfer between Phases

17.5 Dimensional Analysis

Number of dimensional variables > n Number of dimensionless variables
Number of fundamental dimensions -» m ' >N —m

Concentration difference

N, = k. AC :rate of mass transfer I ,
\ . Physical properties

kc — kc (,0, U, Dv: u, D) . Degree of turbulence
—F . Geometry

F(k.,,p,u,D,,u,D) =0 n==6

Number of fundamental dimensions; [M], [L], [T] = m = 3

ke[=m/s][=LT™1]

p[= kg /m*][= ML™°]
ul=g/an -s|[= ML™'T1]
D,[= m?/s][= L’T~1]
u[=m/s][= LT 1]
D[=m][= L]

.
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17.5 Dimensional Analysis

Number of fundamental dimensions; [M], [L], [T] = m =3

- Recurring sets

.
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17.5 Dimensional Analysis

Remaining variables ; k., D,,, u

1) k.[= LT 1]
k. k. k.
T[l = =

LT-1 _ D@-'D)!  u

2) D,[= L*T1]
Cp D, D,

[L2T-1]  (D2)(u~1D)~1 D-u

7T2=

3) u[= ML 1T™]
u u u

T3 =

[ML-T-1] _ [(pD3)(D-D@-1D)-1] _ puD

.
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17.5 Dimensional Analysis

Modification of dimensionless groups

1 kc/u kD /
1 T[’ = — = = =

— D v I —
2)7Té=71'21-7l'3=(v)(“):—u/pz— T, = 5C
D-u/ \puD Dy, Dy,

p ' u
) my=m3l=(—) =— I =
) T3 3 uD oubD T3 = Re

G(7T1,7T2,T[3) = G(T[i,T[é,Tl'é) =0
Thus,

G(Sh,Sc,Re) =0 — Sh = Sh(Sc - Re)

kD
Dy

Sh = Sh(Sc - Re) Sh =

)
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17.5 Dimensional Analysis

For heat transfer
Nu = Nu(Pr, Re, Gr) g - kD  onvede  mas tunsfer  weffient
Nu="" " D,  dffus e mas tunsfer weffint
K
ppr =Y — o
a k kCD

Sh = 0.023 Re?8S %(H )0'14 For turbulent flow
= 0. e C R

Uy
E m T D
3 .
= G = = —Re - Sc —
Sh =1.76 Gz,, For laminar flow Zw =g =gReSc ]
mC, m D
Cin =L TgRe g

[y .,
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17.6 Case studies
Flow normal to cylinders Flow normal to many cylinders
\
Sh = 0.61Re/?S5ct/3 Sh = 1.28Re%45c1/3
Flow normal to sphere Packed bed
\ 50330@0@ 000% 3
0%9 ’000000
Packedbed
_ 0.585 ¢ .1/3
Sh ~ 2.0 for small Re Sh =1.17Re Sct/
Sh = 2.0 + 0.6Rel/25¢1/3 for Re < 1,000 For void fraction of ~0.4

.



