HEAT AND MASS TRANSFER
Area Exam
EQUATION SHEET

Conservation Laws
Control Volume Energy Balance: Ej;, — Eyy — Egen = AEg

AEg, = me% and Egpp, = q""'V

Surface Energy Balance: E;, — E,,; = 0

Conduction
. " oT "
Fourier’s Law: q.onq, = —ka 5 Geondx = Yrondx Ac
Heat Flux Vector: q” = qx1+qyj + q’z’k = -k [a—T" + ﬂ"-f- ot k]

Heat Diffusion Equation:

Rectangular Coordinates: — (kx 5) (ky 5) ;—Z (kz Z—Z) +q"" pCp E

Lo . 19 Ty , 1 0 ar ] oT o or
Cylindrical Coordinates: ;;(krr 5) +3 3% (kq, a¢) py (kz Z) +q" =pCy 0

Spherical Coordinates:
29 (kr2 D) g 0 (1, ) g L2 ) 4 g = pCy 2L
r2 0r(krr ar +rzsin266¢ kq) 20 +r251n969 kg sin© q" = pCp "

Thermal Diffusivity: a = e
pCp

Thermal Resistance
Conduction Resistance:

Plane Wall: Roppq = —— Cylinder: Reppq = o2

2mLk

(1/rp)—(1/7r0)

Sphere: R.ong = BT
1

Convection Resistance: R.,,,, = E
S

S'U,T)(TZ ur)

Radiation Resistance: R,,; =

1 1

Resistance of Surface with Convection & Radiation: =
tot Rconv Rrad

1

Two-dimensional Conduction Resistance: R ,,q.p = E



Extended Surfaces (Fins)

ar
hAcp0p
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hAbe
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Fin Effectiveness: € =

Single Fin Efficiency: n; =

NAf

Fin Array Efficiency: n, = (1 -n f)

hAtotaleb Atotal
Single Fin Resistance: R o4 fin = ——
’ nyhAg

Fin Array Resistance: Rcongarray = ——>——
’ NohAtotal

Transient Conduction
Lumped Capacitance Analysis:

Biot Number: Bi = Jcond _

Reonv Ksolid

hL. 14
aLC _A_S

. ot
Fourier Number: Fo = =
c

. pvce
Time Constant: T, = —= = R,C,
hAg
T—Teo

Temperature: e% = = exp (— Tit) = exp [— (%) (a—t)] = exp[—(Bi)(Fo)]

2
i—Teo Le

Heat Rate: Q% = [1 —exp (— i)]

Tt

Qo = mCy(T; — To,) = pVCp(T; — Too)




Dimensionless Parameters

Reynolds Number: Re = % = % Prandtl Number: Pr = 2
Nusselt Number: Nu = hle Schmidt Number: Sc = —
kf Dap
Lewis Number: Le = Di Sherwood Number: Sh = %
AB AB

_ 3
Grashoff Number: Gr = M, B = 1/T for ideal gas

2
9B(Ts—Too)L3
va

Rayleigh Number: Ra = GrPr =

Convection
Newton’s Law of Cooling: q.on, = h(Ts — Tw) ; Geonv = QeonvAs

Average Heat Transfer Coefficient: h = = [, hdA
Ag VAs

Boundary Layer Thickness: 61 ~ Pr™ where n =1/3
t

Turbulence:
External Flat-Plate Flow: Re, . > 5x10°
Internal Flow: Rep, = 2,300

Internal Flow:
Mass Flow Rate: m = pu,,, A,

Mean (Bulk) Velocity: u,, = p% J, pudA,

Mean (Bulk) Temperature: T,, = # ) L PU C,TdA,
14 c

Heat Transfer Rate: q.,,, = h(Ty — Ty,)

12
Constant Heat Flux: T,,,(x) = T,,,; + %x
p
Ts—Tm.x Ph
Constant Surface Temperature: ——— = exp (— .—x)
Ts—Tm,i mcCp

My _ Ty _ oo PIR
AT; Ts—Tm,i mcp
__ AT,—AT;
ATLMTD - AT,
ln(—)

AT;

Qconv = EASATLMTD = mcp (Tm,o
Entry Length (Laminar):
Hydrodynamic: % = 0.05Re)
Thermal: xf.# = 0.05Re, Pr
Entry Length (Turbulent): % > 10

- Tm,i)




Mass Transfer
Mass Transfer: n), = hm(pA,s - pA,oo) s Qevap = Mihsg

i h=2
Average Mass Transfer Coefficient: h = . ) s im A

Boundary Layer Thickness: 2~ Scn H % ~ Le™ where n=1/3
Heat and Mass Analogy: M ; Lok pCyLe' ™™ were n=1/3
Sh Scn hmn DpglLe™

Heat Exchangers
Heat Transfer Rate: g = q;, = Ch(Th’l- - Th,o) =q., = CC(TCJ- - TC,O) = UAAT 1D

R”- . RII
Overall Heat Transfer Coefficient: — = —— + 24 4 1Po/0D | Fro | 1
UA hiA; A 2mkL A ho4o
) AT, AT,
Log-Mean Temperature Difference: AT, yrp = —zr~
L (m)
Parallel Flow: Counter Flow:
AT, = Th,i - Tc,i AT, = Th,i - Tc,o
AT, =Tyo — Tep ATy =Tho — Te,
Heat Capacity Rate: C, = nijc,, and C, = niycpp 5 €, = gmi
max
q _ Ch(Th,i_Th,o) _ Cc(Tc,o_Tc,i)

Effectiveness: ¢ = = =
HEX dmax Cmin(Th,i_Tc,i) Cmin(Th,i_Tc,i)

Number of Transfer Units: NTU = va

min




Radiation

dq

Radiation Intensity: I, , = ———
d 0 ensity: [ . dAq cos OdwdA

Total Hemispherical Emissive Power:
E= fooo fozn f; I e(A,0,) cos Bsin B ddddda

Diffuse Surface: E =nl, and ] = I, Diffuse Irradiation: ¢ = mtl;
Emissive Power: E = €E;, = ea T, Radiosity: | = €E}, + pG
Net Radiation Heat Transfer: g,y = E — aG 5 Qraq = Graals
Stefan-Boltzmann Constant: 0 = 5.67x1078 W/m?K*

Wien’s Law: A,,,,, T = 2898 ym K

. [} EapT)ar
Blackbody Power Fraction: F;,_,, = m
o EapA,

Table 12.2 will be provided as needed on exam.

Emissivity and Absorptivity

Spectral-Directional Emissivity: €, (1,0, $,T) = 12 40.6T)
’ Ipg(AT)
Spectral-Directional Absorptivity: oy (2, 8, p) = Iniabs(4.0.0)
' 0i(2.6,0)
e, AT)dA
Total Emissivity (Diffuse Surface): €(T) = Jy E}?xg DEep (1)
Jo EBp(AT)dA
* 0 (DG (N)dA
Total Absorptivity (Diffuse Surface): o« = M
Jo Ga)aa

Total Radiosity leaving Aj and arriving at A; qij

View Factor: F;; =
Y Total Radiosity leaving A; Ji4i

View Factor Summation Rule: Z?’=1 F;j = 1 where N is number of surfaces

View Factor Reciprocity Relation: A;F;; = A;Fj;

View Factor Composite Receiver: F;(jy = Y.i_; Fix

n .
View Factor Composite Emitter: F(;); = Lic=1 AkFki
J Z;(l=1 Ak

Diffuse-Gray Surface Exchange:

. e . 1-€
Surface Radiation Resistance: R, oyrf = s
1

Geometrical Radiation Resistance: R,,q gco = T
itij




