Birzeit University
Mechanical & Mechatronics Engineering Department

Heat Transfer ENME 431
Final exam formula sheet
Instructor: Dr. Afif Akel Hasan 15t semester 2018/2019
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TABLE 3.3

One-dimensional, steady-state solutions to the heat
equation with no generation

Plane Wall Cylindrical Wall” Spherical Wall”
: d’T _ 1d( dr\_ 1d [ ,dT
Heat equation P =0 7 (r dr) 0 dr (r dr) 0
In (v/74) 1= (r/r)
Temperature _oagX T .+ AT—— = — AT |:—
distribution Ta—ATT R TYCNEY L= (/)
" AT kAT kAT
Heat flux k— _
@) 7 rin(ry/r) Py = (1r)]
AT 2Lk AT Ak AT
Heat rate l:g) kA T m m
Thermal L ].'Il(?‘z;'f?"l:l (lfrlj - l:ll"l?‘z)
resistance (‘Rl‘,ccde kA 2wlk W
gl 2\ To—Tax TatT gL? 2
T =—"——|1—=]|+— +-= = I(x)=— 1—— + T,
2k I? 2 L 2 2k L?
1d ( ; d_r) a_y
Fdr\ dr k
TG ———}’_‘I‘C]_lli"l‘C £ (1 ﬁ)+]‘
()=~ 4or + Gl + G L (1-5)+
ins
qr _ 49 qr tanh mL
£, = =
" Ay 0 Gme RAB8, VT L
TaBLE 3.4  Temperature distribution and heat loss for fins of uniform cross section
Tip Condition Temperature Fin Heat
Case (x=1) Distribution 8/0, Transfer Rate g,
A Em‘fec‘_i"“ heat coshm(L — x) + (A/mk) sinh m(L — x) sinhmL + (h/mk) coshmL
Mm;( L)fE;" — kv, coshmL + (h/mk) sinh mL coshmL + (h/mk) sinhmL
. (3.75) (3.7
B Adiabatic: coshm(L —x)
dildxl;r = 0 T A Mtanh mL
(3.80) (3.81)
C Prescribed temperature:
L)y =#; (0/8,) stnh mx + sinh m(L — x) v (custh — /fy)
sinh L - sinh L
(3.82) (3.83)
D Infinite fin (L — c):
H(L) = g™ (3.34) M (3.85)
g=T-T, = hP/kA,
f}b = H(’D) = Tg, - .T,, M=V JifI'.PMCﬂﬁ
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Re, = PL:IF =35 x10°

Nu; = CRel! Pr"

—  hx
Nu =—
k
Re. = PYD _ VD
oD 13 v
TABLE 7.7  Summary of convection heat transfer correlations for external flow™"
Correlation Geometry Conditions®
Nu, = 0.332 Rel? pr'? (7.23) Flat plate Laminar. local, 7. Pr = 0.6
N, = 0.664 Rel? pr1? (7.30) Flat plate Laminar, average, Iy, Pr = 0.6
Nu, = 0.564 Pel? (7.32) Flat plate Laminar, local. 7. Pr = 0.05, Pe, = 100
Nu, = 0.0296 Re¥* Pri? (7.36) Flat plate Turbulent, local, T,. Re, = 10%,
06 =Pr=2060
Ny = (0.037 Rej® — 871)Pr13 (7.38) Flat plate Mixed, average, T;. Re,, = 5 x 10°,
Re; = 10°,0.6 = Pr = 60
Nup = C Re} Pr'® (7.52) Cylinder Average, Tr, 04 = Rep = 4 x 10°,
(Table 7.2) Pr=07
Nup = C Re}y Pr(PriPr)'* (7.53) Cylinder Average. T, 1 = Rep = 10°,
(Table 7.4) 0.7 = Pr= 500
Miup= 0.3 + [0.62 Re}* Pr'? Cylinder Average, Ty, Rep Pr=02
% [1+ (0.4/PrP3]- 14
% [1 + (Rep/282.000)*%*3 (7.54)
Mup =2+ (0.4 Rep? Sphere Average, T... 3.5 = Rep = 7.6 x 10,
+0.06 Rep)Pr* 071=Pr=380,10= (u/py) =32
X (plpg)™ (7.56)
Nup =2+ 0.6 Rep® Pr'? (7.57) Falling drop Average, T,
Nup = C,C Refinay PFP*(PriPr,)'? (7.58). (7.59) Tube bank” Average, T. 10 = Rep = 2 x 10%,
(Tables 7.5, 7.6) 0.7 = Pr= 500
Ay Sr
vV =—"T | Vopazr = ————F
max ST —D e E(SD - .D]
S\l s,+D
) T I
=%t (?) =73
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TABLE 7.6 Correction factor €, of Equation 7.59 for N << 20
(Rep ... = 10°) [16]
Ny 1 2 3 4 5 7 10 13 16

Aligned 0.70 0.80 0.86 0.90 0.92 0.95 097 0.98 0.00
Staggered 0.64 0.76 0.84 082 0.92 095 097 0.98 099

TaprLe 7.1 Constants of
Equation 7.53 for the circular

Taere 7.2 Constants of Equation 7.52 for
evlinder in cross flow [17]

the circular eylinder in eross flow [11. 12]

Rep C " Rep C m
044 0989 0330 1-40 0.75 04
4-40 0011 0385 40-1000 051 05
40-4000 0.683 0466 102 105 02 0
4000—40,000 0,103 0618 - : :
40,000—400.000 0027 0.805 2% 10°-10° 0.076 0.7
Nu, |§=ﬂ

ST — @ | o
with unheated section laminar local

Nu, |._
Nu, = |£ °
[1— @xP]"

with unheated section turbulent local

Internal flow

_ 4m_
wDu
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TABLE 8.4  Summary of convection correlations for flow in a circular tube®"*

Correlation Conditions
J=04/Rey (8.19)  Lamunar, fully developed
Nup = 4.36 (8.33) Laminar, fully developed, uniform g7
Nup = 3.66 (8.53) Lanunar, fully developed, vniform T,
T — 366+ 0.0668 Gz (8.537) Lanunar, thermal entry {or combined entry with
Mg = 3. m Pr = 5), wniform T}, Gzp = (D/x) Rep Pr
3.66 (8.58)  Laminar, combined entry, P = 0.1, uniform T,
— + 0.0499 Gzptanh(Gzp! - : : @
o _ ub[2264 G2y + 17 G ) ptanh(Gzp) Gzp = (Dix) Rep Pr
e tanh(2 432 Pr'5 Gz1%)
\ 37 RepNT
F=(0.790 In Rep, — 1.64) 2 (8.21F  Turbulent, fully devel . smooth walls,

0 =Rep=5x1

Nup = 0.023 Re}’ Pr™ (8.60)  Turbulent, fully developed, 0.6 = Pr = 160,
Rep =10,000, (L/DN =10 n=04for T, = T,
andn =03 for I; << Iy

N . 014
Nup = 0.027 Rei® Pr'”(ﬁ) (8.61F  Turbulent. fully developed, 0.7 = Pr = 16.700.
Hs Rep = 10,000, L/D =10
. (f8)(Rep — 1000) Pr d _
Nip = — (8.62) Turbulent, fully devel 0.5 = Pr = 2000,
1+ 12.7(/18)(Pr™" — 1) 3000 = Rep = 5 % 10°, (L/D) = 10

Nup = 4.82 + 0.0185(Rep Pr)*™ (8.64)  Liquid metals, turbulent, fully developed. uniform
FI36X1IF=Reyp=005x10° 3 x 107 =
Pr=5% 102 10° = Rep Pr = 10°

Nitp = 5.0 + 0.025(Rep Pr)" (8.65)  Liquid metals. turbulent, fully developed.
uniform T,. Rep Pr = 100

g =mcy(Tow — Tia)

_ A7 — AT —AT,
Geom = RA AT, == 1n(AT,/AT)
Tm{x)=Tm,f+£x I:_TM(I)ZEKP(—&E) ﬁsz Tw_Tm,azexp(_ ETAI)
H‘I'n‘.'.‘P Ts _ -Tm,f I‘;ICP ﬂ.T! Tw - TM-‘!' fr.;cP
qg=UA, ATy
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20

=== Tharmal entry length

= Combined entry length
(Pr=0.7)

10

Constant surface

haat flux

= 4 4.36
366
Constant surface
temperatura
2
Entrance | Fully developed
region region
1 [ AEN| I
0.001 | o.01 | 01 05 1
0.005 0.05
xDr _ 1
RepPr ~ 7

G=p = (D/x) Rep, Pr

TABLE 8.1  Nusselt numbers and friction factors for fully developed
laminar flow in tubes of differing cross section

N D,
Nip = T&
b
Cross Section " (Uniform g;) (Uniform T,) Re p
O — 436 3.66 64
a[] 1.0 3.61 208 57
b
] 143 373 3.08 50
b
o ] 20 412 330 62
b
a1 3.0 470 3.96 60
b
a 40 5.33 444 73
b
o —— g0 6.40 5.60 82
b
= 8.23 7.54 26
Heated
: o0 530 486 ]
" insulated
A — 311 249 53
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TABLE 8.2 Nusselt number for fully developed laminar
How in a eireular tube annulus with one surface insulated
and the other at constant temperature

DD, Nu; Nu, Comiments

0 — 3.66 See Equation 8.55

0.05 1746 4.06

0.10 11.56 411

0.25 737 423

- h.D,
0.50 574 443 Ny =2 o h, Dy
=1.00 486 4.86 See Table 8.1. bla— = ' k Nu, =

Free convection
8 :_l(f""‘_ﬁ) _1pr _1
P\oT/, PRT:* T
_ gB(T, — T)L
VZ

T.—T)OI?
RﬂL=G!‘zPr=M

G?'L

Vertical wall

_ T G\ 14
Nu, =1L 21(71) 2(Pr)

3

Nu; === CRa}

| 2|

Typically, n=1/4, and 1/3 for laminar and turbulent flows, respectively.
0.387Ral* F
[1 + (0.492/PF)* 16122

Nu; = { 0.825 +

Horizontal plate

A,
L=—
P

Upper Surface of Hot Plate or Lower Surface of Cold Plate [19]:
Nu; = 054 Ra}* (10°= Ra; =10". Pr=0.7)

Nu; = 0.15Ral® (10'=Ra; = 10", all P¥)

Lower Surface of Hot Plate or Upper Surface of Cold Plate [20]:
Nu; =052 Ral® (10*= Ra, = 10°. Pr=0.7)
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Horizontal Cylinder

Nuy = TD — CRal,

TApLE 9.1  Constants of Equation 9.33 for free convection

on a horizontal eircular evlinder [22
|

Ray, C n
10 1%10? 0.675 0.058
102107 1.02 0.148
10%-10* 0.850 0.188
10%-107 0.480 0.250
107-10% 0.125 0.333
. 0387 Rals 2
Nup = 10.60 + 2D Ray = 10"
_ [1 + (0.559/Pr)*"¢F2"
Sphere
_ 0.589 Rak*
NHD. S 2 - L

[1 + (0.469/Pr)"15**

Alar H —03
BT~ T  Nup =042 Ra} Pr°°" (_)

L
av

R(IL =

Heat exchanger
q = muCps (Thi — Thp)
q=m.c, (T, — T.;)
q = UAAT,,
AT, — AT, AT, — AT,
" InAT,/AT, InAT,/AT,
AT, = FAT o

AT,

Page 9 of 12

STUDENTS-HUB.com


https://students-hub.com

a = chm',.fr + Ru. + RCDI'I".'.:‘.'

L:(L) +Rw+(i)

UA  \hnA/, hA ).
_ 9
&=
"'?ma.x

Gmax — min(T.ir,i' _ T::j)
_ CilTw = Tio)
Cm.in(rh,i - Tf‘,f)

£

q = eCpn(T; hi c;‘)

Cc( T co

T f‘,f)

S =
Cmm(r hi

I c'__f)

NTU =4
Conin
TaerLe 11.3  Heat Exchanger Effectiveness Relations [5]
Flow Arrangement Relaton
1 —exp[-NTU(1 + C,)]
Parallel flo &= [rC
_ 1 —exp[-NTU(Q — G)]
Counterflo ¢ =T—C,exp[-NTUI — C)] (C,=1)
NTU
e=17 (G =1

Shell-and-tube

One shell pass (2, 4, . .. tube passes)

7 shell passes (2n. 4n, . . . tube passes)
Cross-flow (single pass
Both fluids vnmixed

C o (muxed), Cpp (unmixed)

Conn (mixed), Cpay (unmixed)

All exchangers (C, = 0)

' . l+exp[— 1+ chi?) -1
£|=2{1+C,+I:1+C3}1">< pL-(NTOM( + €7 ]}

1 — exp [-NTUn(1 + €)'
— l_ﬂlcrn_ I_E]_CF”_ 1
z=1—exp [(&) (NTU)"* {exp[-G(NTU)" ] — L}]

o= (&)(1 —exp{~C,[1 — exp(-NTU)]})

e=1—exp(—C {1 - exp[-GNTU)]})
g=1—exp(—NTU)
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TABLE 11.4

Flow Arrangement

Heat Exchanger NTU Relations

Parallel flo

Counterflo

Shell-and-rbe

One shell pass
(2.4, ... tube passes)

# shell passes
(2n_4n, . . . tube passes)

Cross-flow (single pass

Copa (muixed), Oy (unmixed)

Cpip (mixed). Cy,, (unmixed)

All exchangers (G, = 0)

Eelation
_ h[l-e1+C)]
NTU = 1+C,
NTU=—1 1|21 (€< 1)
C,—1 \zC,—1 r
NIU=-—E (C,=1)

l—&

(NTU), = —(1+ €3) *mn
Ve —(1+0C)
Use Equations 11.30b and 11.30¢ with

_F-1 _[eG -1y _
_FTI':F F_(E,'—]_) NTU—H{NTU}I

(&)

£]

NTU=— ]n[l + (&)ml - gc,)]

NTU=—(CL)1n[C,1n(1 — 8+ 1]

NIU = — In(1 — &)

NTU

Ficure 11,10 Effectiveness of a parallel-
flow heat exchanger (Equation 11.28).

NTU

Ficvre 11.11  Effectiveness of a
counterflow heat exchanger (Equation 11.29).
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0 1 2 3 4 5
NTU

Ficure 11.12  Effectiveness of a shell-and-
tube heat exchanger with one shell and any
multiple of two tube passes (two, four, etc.
tube passes) (Equation 11.30).
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Frcure 11.11  Effectiveness of a single-
pass, cross-flow heat exchanger with both
fluids unmixed (Equation 11.32).
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Ficure 11,13 Effectiveness of a shell-and-
tube heat exchanger with two shell passes and
any multiple of four tube passes (four, eight,

etc. tube passes) (Equation 11.31 with n = 2).
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0.2

Frovme 11,15  Effectiveness of a single-
pass, cross-flow heat exchanger with one fluid

mixed and the other unmixed (Equations
11.33, 11.34).
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