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Heat & Mass Transfer Formula Sheets

Definitions

Definition

Flow

Flux

Heat generation

Viscosity

Coefficient of thermal expansion
Specific heat (constant pressure)

Apparent specific heat (constant pressure)

Velocity

Free stream velocity
Heat transfer coefficient
Thermal conductivity
Thermal diffusivity
Boundary layer

Density

Kinematic viscosity (u/p)
Pressure

Enthalpy

Latent heat of fusion
Mole fraction of solvent
Stefan Boltzman Constant

Mass concentration
Molar concentration
Molecular weight (of A)
Moles of A

Total pressure

Density

mole fraction of A in liquid
Partial pressure
Partition/distribution coefficient
Reaction rate

Activation energy

Shear

Viscosity

Volumetric flux

Hydraulic conductivity
Hydraulic potential

Matric potential

Distance

Permeability

Osmotic pressure
Membrane permeability
Mass flux

Diffusivity (of A in B)
Mass transfer/convective coefficient

Units

W (energy)
W/m? (energy)
W/m?3
N-s/m?

K-1

JikgK
J/kgK

m/s

m/s
W/m?-K
W/m-K
m?/s

m

kg/m?3

m?/s

N/m?

Jikg

J/kg

none

5.67x10® W/(m?K*)

kg of A/m3
mol of A/m?
g/mol

mol

atm

kg/m?®

mole fraction or kg/L

atm
none
kg/m?®s
J/mol
Pa
Pa's
m/s
m/s

m/Pa-s
kg/m?s
m?/s
m/s



Ex Dispersion coefficient

Y Surface tension

Na1-2 Mass flow rate

ra Reaction rate (creation/depletion of A)
k” Reaction rate constant

w Moisture per unit mass of solid
Ms mass of solid

Bim Mass transfer Biot number

H Henry’s constant

K Boltzmann constant

Rg Gas constant

Heat Transfer

Flux Equations:
e Conduction: ¢" =
e Convection: q"1_, =h(T; — T,)
e Radiation: ¢" =0 (T} — Ta.r)
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Resistance: Reonvective = 75

Governing Equations
oT k 0°T Q
e Slab: —+ ax_pcpﬁ E
e Cylinder: pcpa—: =il ( g:) +0Q
oT
e Sphere: pcp o = erar( 2 )+Q

e Bioheat: pc, (Z k2L P T+ ppcVE (Ta —T) +Q

ror

Rionductive =

m?/s

N/m

kg/s

kg/m3-s

S-1

kg of water/kg of dry solids
kg

dimensionless

(varies) mol/m3-Pa
1.380648 x 102 m?-kg/s>K-molecule
8.314 J/mol-K

L

kA

. T-Teo _ _ t . E
Lumped Parameter: T exp( ey /hA) Bi =~
. . T-Ty  wo 4(-D7" (2n+1)mx] —(@nrom)’at _at
Series Solution: T, Zn—0(2n+1)n S[ i ) 12 o =13
T T-Ti _ .
Semi-Infinite: ror = 1 erf[Z\/_] L > 4Jat
5x Sveloci
Boundary Layers: 6velocity = W Othermal = — 8velocity = Y|u=0.99u°°
Dimensionless numbers:
Ug L ) hL
Reynolds number = P Biot number Bi =
}.l: kmlid
L
Nusselt number Nu = Rayleigh number Ra = Grx Pr
Kfiuia
uc U 2I3AT L3AT
Prandtl number Pr=—" = /p Grashof number | Gr = bar = 2
Kewia  Krwia/PCp u? V2




Freezing and Thawing:

AHy [ 1 17 AH [ 1 1 ] |
Rg TAO TA Rg Tpure Tsol’n
_ AHgp (LZ L) _ AMHgp (RZ R) _ AHgp (
tslab - Tyn—Ts \2k + h tcylmder - Typ—Ts \4k + 2h tsphere - Ton—Ts
Error function:
z arf{z) z erflz) z erfiz)
0 0 055 0,563 13 0.9340
0.0258 0.0282 .60 0.603% 1.4 (19523
0.03 0.0564 (.65 0.6420 1.5 1.9661
(.10 0.1125 (.70 0.6778 1.6 .9763
(.15 0. 1680 .75 07112 Lid 0.9838
0.20 0.2227 0.80 07421 18 0.9891
0.25 0.2763 0.85  0.7707 19 0998
0.30 0.3286 0.90 07970 20 0.9953
0.3 0.3794 0.95 08209 22 0.991
0.40 0.4284 1.0 0.8427 2.4 (19993
0.43 0.4755 1.1 0.8802 26 0.9998
0.50 0.5205 1.2 0.9103 2.8 1.9999
Mass Transfer
|deal Gas Law: p,V = nyR,T Surface tension: h = 2y/(pgr)
) . . 1 ] ac <x?>
Henry's Law: p, = H x, Fick's Law: ju» = —Dap = D=—
) o0H k d(pgh) . . . dac
sV — o2 _ _ Kolpgh) . — _f %€
Darcy’s Law: n¥ = s os Dispersion: ji4 » E, o
; Convection-diffusion mass transfer:
Van't Hoff Law: t = cR,T —
Ny, = mA(cr — ¢2)
Chemical kinetics:
dc
e O"order:r, = —d—;‘ =k"; co—c=k'"t
dc k"
e 1Storder:r, = - = k'c; ¢ =cpe
Governing Equations:
dc
 General: DypV2cy + 1y =22
. . aCA aCA _ [aZCA]
o Cartesian: —=+u—==Dyp |- |+ 7
. . . 10 aCA)] _ aCA
e Cylindrical: Dyp [r p (r 5 )| T =5
. A 10 2 aCA)] __dcy
e Spherical: Dyp [rz P (r )| 1A=

Navier-Stokes: p Z—?

—(u V) up — Vp + uviu

. 1 AL
Slab: Rconvective = hm_A Rdiffusive = DA
. . _ In(ro/m)
Hollow cylinder: Ry rusive = —r 2mDL
. — _To7Ti
Hollow sphere: Ry;ffysive = pr——

RZ
6k

R

W)

3h



e—mL

. . . . . . Ca _ - mx —-mx -mx _ k
Diffusion with chemical reaction: can = emi—gmI (e™*—e ™) + e m= \/;

ow hnA

Lumped Parameter: w —w; = — —Co)t T ——(cs — Co)
. . 4(-1)" (n+1)mx -D M ¢ _ Dt
Series Solution: e = Zn=0 a0 € (Crm) Fy=—
. . . c—
Semi-Infinite: e = 1T erf[ ] \/7(c5

1= nsdt—f\/—(cs l)dt—Z\F(cs ;) L > 4V/Dt

S~ é i
Boundary layers: % = 0.99 Svetocity = ¥lu=0.99u., % =5c'/3
U XP
Revnolds numb Rex=—, Biot numb o _ L/DA k'L
eynolds number iot number Iy = =
Re, = Ueolp = Ueol ™ 1/h,A Dyg
U v
hmL _ L/Dyp :
Sherwood number Sh = I 1/h Rayleigh number Ra,, = Gryg - Sc
B
v \vj L3
Schmidt number Sc=—= w Grashof number Grug = gpre
DAB DAB Hz

Convection-Dispersion (infinite fluid):

c(z) = cieM? + et W= 1+ 4Ek

>1;/11=%(1+‘P)>0;12=%(1—‘P)<0

Convection-Dispersion (semi-infinite saturated porous solid): CS - rf[ erf[:/—z_z
* o z—ut Z—Zp—
e=c —e = a (e[| - erf[5E)

(1-ca/c) _ ((1 CAZ/C))H N Dypc In (1—CA2/C)

(1-car/c) ~ \(1—ca1/c) 4 Z—-7 1-ca1/c

Convection-Diffusion (stagnant gas):

Convection-Diffusion (over a surface): Ny, _, = hpy A (¢; — ¢3)

e over a sphere, natural: Shp = 2 + 0.43Ra,,*/*
e forced: Shy = 2 + (0.4Re'/? + 0.06Re?/3)Sc04
e over a plate: Sh = 0.664Re'/2Sc'/3 (laminar), 0.0360Re*/>Sc1/3 (turbulent)



