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(Heat Transfer in Food Processing)
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Rate of transfer = Driving force
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111: Earle. and Earle. (2005)
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MINANUTOU (Convection heat transfer)
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% 1 d' 1 4 ay X a = . a [ o
A208197 3 HHUABS NV 4 117 Muvilaligurigil 10 °F 8ndumilaligangil 70 °F immsihanuieu

J 1 Qdy 1 [ @ 1 ]
(thermal conductivity) "Uf)iﬂﬂiﬂﬁlu"]ﬂflQmﬂguuﬁﬂuﬂWﬂU 0.024 BTU/fth °F leW1@¢l§1ﬂﬁfﬂﬂmﬂ’ﬂu%jﬂuﬁﬂu

W9 1 0131990

#20819N 4 A cork slab 10 cm. thick has one face at -12 °C and the other face at 21 'C. If the mean thermal
conductivity of cork in this temperature range is 0.042 W/m °C, What is the rate of heat transfer through 1 m’of

wall?
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MsmannIou (Convective heat transfer)

S o a W
NHMTIUAIVDIUIAU (Newton s Law of cooling)

q = hA(T,- Ta)

= (T,- Ta)

1/hA

e q =oATIMIMBNANNTOU, W
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a £
h = duilsgansmsmanudou (convective heat transfer coefficient) W/m'K

T, = QuugiNHIveIIng, K
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Ta = guuiglvesvedlva, K
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k4
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@ T A @ J 9 1 dy A 1 S A 2 Al A A A 0
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#2081397 7 The heat flux, g, is 6000 W/m’ at the surface of an electrical resistance heater. The heater temperature is
120 °C when it is cooled by air at 70 °C. what is the average convective heat transfer coefficient, h? What will heater

temperature be if q is reduced to 2000 W/m’
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MIUHS I8 (Radiation)
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o g = danmItemanuTen, W

O = Stefan-Boltzmann constant UAUNINDY 5.67x10° W/m'K'
€ = emissivity (19U blackbody) HA10GT=HI19 0 D4 1

T, T, = gungiiduysalvesing, K
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A298190 9 Calculate the radiation unit thermal conductance for a small spherical thermocouple junction located in a

large black pipe carrying air. The pipe temperature is 300 K, the thermocouple temperature is 500 K, and the

emittance of the thermocouple surface is 0.3.

mslndnmsmemanudounuunanluma§iia (Application of Stead-State Heat Transfer)

mﬂ‘hmm%’eugmuﬁﬁﬂmﬁmmaiﬁ’ﬁmazmﬁ (One Dimensional, Stead State Conduction)
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(Untead State) gaunglazi)asuuilasmudumuanagina
1. Wi£39511 (Plane Wall)

1.1 N“LTQﬁ‘UGi’EJLL‘U‘U?J‘LgﬂiJJ (Plane Wall in Series)

4 =9 =L =9
k1 k2 | k3
q, = kKA, (T-T)
L q ——>» —>» (q

% = kA, (T T1| T2| T T4

L Ll 12 L3
4 = kA, (Ta'T4)

L
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q = KA (T-T) = kA, (T, T, = kA, (T,-T,)

L, L, L,
T,-T,=qL, ; T,Ty;=qL, ; T;-T,=qL,

k,A kA kA

T-T, =q(L, + L, + L,

kA kA kA

q= qr = T = TI-T4 = A T total

1'T4
L, + L, R1+R2+R3 R

total

L, +

KA kA kA

1.2 W95 IUABUUVUUIY (Plane Wall in Parallel)

9 ] Y] 1 g}/ Y % 1y d' LB Y [ 1
mwmamz'lﬁamuwmsmaz%u”lﬂwmu q NU meaﬂ’%mmw"lmmﬂu BATIINITNYINAINY

v
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=q,+q,+
d4 =9 79274 T1 T2
q, = kKA, (T-T)
Y ql—» k1 —»al
q Q2—> K2 — @ 4
4 = kA, (T1'T2) 3
- - - QPB—> k3 —» q
L
q; = kA, (T-T)
L
q =| kA + kKA, + k3Aj (T,-T,)
L, L, L

=/ 1 + 1 + 1 (T,-T,)
R, R, R
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ﬁ’JEJEJ'Nﬁ 10 A cold store has a wall comprising 4.5 in of brick on the outside, then 3 in. of concrete, and then 4 in.
of cork. The mean temperature within the store is maintained at 0 °F and the mean temperature of the outside surface
of the wall is 60 "F. Calculate the rate of heat transmission through the wall. The appropriate thermal conductivities
are for brick, concrete and cork respectivel, 0.4, 0.44 and 0.025 Btu/hr Ft °F. Determine also the temperature at the

interface between the concrete and the cork layers.

ﬁ?ﬂﬂ?ﬂ‘ﬁ 11 The wall of a baker oven is built of insulating brick 4 in. thick, and of thermal conductivity 0.13 Btu/hr
Ft F. Steel reinforeing members penetrate the brick, and their total area of cross-section represents 1% of the inside
wall area of the oven. If the thermal conductivity of the steel is 26 Btu/hr Ft °F Calculate (a) the relative proportions

of the total heat transferred through the wall by the brick and by the steel and (b) the heat transfer for each ft’ of oven

wall if the inner side of the wall is at 450 °F. and the outer side is at 120 'F.
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2. N39NTe VN (Cylinder)
9/ vy 9
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q = -kAdT/dx = -k(QT7uL) dT/dx

msmemanudouluuuisal dx =dr

rO TO
q / dr = -2 TEkI/ dT
r T,

qln| r, = 2TKL (T,-T,)
I‘l

q = (T-T) = AT
In(r,/r,) R
2TTkL

nItilauIuudnTu

q = (T-T,) = At
In(ry/r,) + In(r,/r,) R, R,
2TkL  2TTk,L
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= o 1 9 Y & dy
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q = kA, (T,—T,)

Lo I
A= A -A = 2TL(r-r) = 2TLr,,
m In(/r)
Lﬁ@ I, = logarithmic mean radius
r, = arithmic mean radius = (r;+r,)/2

<2 oylawlild  r, unuld
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WIHUN 1/r,=2 > 1. =096,
$208197 12 A thick-walled tube of stainless steel (18% Cr, 8%Ni, k=19 W/m OC) with 2-cm ID and 4-cm OD is
covered with a 3-m layer of asbestos insulation (k=0.2 W/m °C). If the inside wall temperature of the pipe is

maintained at 600 "C and the outside of the insulation at 100 "C, Calculate the heat loss per meter of length.

$208197 13 A tube of 60-mm outer diameter (OD) is insulated with a 50-mm layer of silica foam, for which the
conductivity is 0.055 W/m °C, fllowed with a 40-mm layer of cork with a conductivity of 0.05 W/m °C If the
temperature of the outer surface of the pipe is 150 °C and the temperature of the outer surface of the cork is 30 ‘c,

Calculate the heat loss in watts per meter of pipe.
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(Y a £ ) . . . .
Mslszanamauilseansmsninnusou (Estimation of convective heat-transfer coefficient)

Lﬁmfﬂ1ﬂm'iﬁ1’5@151m'idwmmm%}@uiﬂﬂmﬁw1mm%’auﬁ@u%’n«§u%’@u !,Wﬁwﬁmimﬁ@u‘ﬁmﬂwm
= ' . o ' 9 9 AN Y W Y
uh’iﬁ 1380731 Empirical approach Glu‘fﬂiﬂ’l@@l5’]ﬂ’]§ﬂ’lfJLWﬂ'J’IﬂJﬁ'EJUTﬂfJﬂWTW’I ﬂlayaﬂllﬂﬁ’auclmy"lﬂmﬂmi
o a L) Y v Jyaa . . @ Yaado 9 I Y
NAavl Llagﬂ']ﬁﬁ]ﬂﬂ']ﬁ'zllﬂi131’7"‘”@3&@%31"5@]3@%15%@] (Dimensionless numbers) W’J!ﬁsllﬂiiJ@l‘ﬂﬁ]’l!‘]Ju@]@Qsl%llﬂllﬂ

Reynolds Number, Nusselt number (8¢ Prandlt number

1. Reynolds Number

I ax a d 9 9 o YyaaR ) 1 A a <R o
AudsmsimnzideyalagldduayinaseIdannsnaaesite q imeeFunedeanvaznis
4@ (Flow characteristics) vovoanad Tasiaddoudn 1) Iuveuarnmas lnaeglunenonsimslvua (Flow
o Ay A A v a A o A 2 = o A ay 2
rate) M1 Adovvzindouniluduasaluianeaunuuny Wedans namuudseaunils Adouvzisunedy
o A = a Ay A A = 2y 0 a o AA o
ivveuraINszeznilngaRamd 11 e inmanaeuivesddonvisaiuludianemuuunsalinons
2y o o Ada 9 ay ¥ a
m3 laga 9 Fdowrzmausrunuveurariniindad 1l ddensznizarveennluniameauuuinnunaz i
Seril

M3 lauuuduase (Straight-line flow) H8A51A5 1ae 9 (38071 Laminar flow

M3 Ivauuudunsg (Straight-line flow) #16a31013 1Ma32AUNA1 (58N Transitional flow

- M3 lvanuuduase (Straight-line flow) #19A351M15 Iwaga 9 $on91 Turbulent flow

Reynolds Number 92 191undns1ms navesves lva dunaldningas

Re = Dup

1)

A 3 A
[S\3)] u = ﬂ’JﬁJLi’Jmﬁﬁl"U’t’N‘U’l’Nulﬁﬁ
P = anurunuiuveved lia
A
]J, = ﬂ??llﬂllﬂﬂl@ﬂ‘l]@ﬂulﬁa
I o
01 Re <2100 Lﬂuaﬂymzmﬂmgmu Laminar flow or Streamline flow
<3 @
Re > 4000 Lﬂuaﬂymzmﬁllwauuu Turbulent flow

[ [ I~ @
Re TATEHIE 2100 94 4000 (JUSNHULMS 1ML Transitional flow

Yaa

I o a £ Y
2. Nusselt number 1lugi)13avesduilsz@nsmsmanuiou

Nu = hD/k
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A [ a £ 9y
Lo h = dudszansmsmanuion
T J 1
D = LﬁUWTHﬁuﬁlﬂaNﬂJ’l’)\iﬂ@
k= ﬁwmiﬁwmm%umawaﬂwa

3. Prandtl number

Pr = kinematic viscosity =

L
Thermal diffusivity (04

1o = MANuFouTUMLNANUAUAIN (specific heat at constant pressure)

CP
L = anunilavesveslva
k

= ?hﬂﬁlhﬂ’ﬂh%lﬂu"ll@ﬂﬂ]@\‘lllﬂa

'd
mymuIadulszansmsmanuiou (Convective heat transfer coefficient)

o o a £ v o Ja .. .
mMsmuadulszansmsmanydonlaemsl¥anuduiusi ldanmsnaass (Empirical correlations)
Y 2
AUTOMUIU MANNTUADUAIL

1. Identify flow geometry

@

2 o ! a ¥ A < . A o 1Y 1 I
VULLIN ﬁ@ ﬂﬁi]WlluﬂgﬂiN‘ﬂNLi"lﬂﬂmWUﬂQﬁuW’JSUEN!L"IN (solid surface) waumﬂmm"lwawu 13lu
1 . A I Y 1 A a gy
19 (pipe) ¥39N59naN (sphere) tHudu voslvalrnanelunevse lvavuraiuuen

2. Identify the fluid and determine its properties

= A

? o a 13 ¥ a 4
VYUNTDIND ﬂ?i%?!LHﬂﬂfUﬂﬂJ@\iﬂl@\illﬂﬁ’ﬂ!ﬂuiﬂ RN ﬂ%ﬂfﬂ’ﬂﬁma’l uazmqmwgmaaﬂmawm
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inseaandasunnusou GlUﬂimuGlﬁﬂ']u@m@mﬁﬂﬂJ!ﬂﬁﬂﬂ]@ﬂﬂl@ﬂhlﬁaﬂﬂu

To= (T, + T,)/2

A a g9 = n
[¥NJ3] T, = QUUQNIVURATTOITON [ A
T, = guiigieonmasvovedlva

Ta = Qquﬁmﬁamawaﬂﬁa
mm%u“l%’qmwgﬁm?%wawm"lwa To, TumMsmantiananenIniazau3ou (physical and thermal
properties) voued Iva 151 ANnuila (viscosity), ANUHUMIUY (Density), AMM3IANU3 U (thermal
conductivity) 91NA1T N

3. Calculate the Reynolds number
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) 4 @ 13 .
MU Re (M0MANHULMT 111av99v03 111a3 )11 Laminar flow , Turbulent flow
‘Hdﬁ’t) Transitional flow Lﬁ’t)!,a’ﬂﬂ empirical correlation Nz ay

4. Select an appropriate empirical correlation

[

1990 empirical correlation AMIZANAV AN (Conditions) HasITVINUA (Geometry) ﬂl@ﬂiﬂqﬁm N
= ' ¥ ' I y g Y . A A o
AN 1 N3 1AV Turbulent 1o 1WudY 91017119 correlation NADA AI1UIYMT Nusselt number
X 1 3 [ a <3 A
1tae Convective heat transfer coefficient (h) #9A1 h ﬂzﬂ?uﬂu%ummzﬂﬂmi’JGIJ?NGIJ?Nh],ﬁ’d, AUTULANIINIYN TN
Yoo 11a, Haa1wveIguHal 1Hazg1ls19NMuTANAAYDITZDUNMAINDITN

MINIANNTBUHVTIAY (Forced convection)

o v o .
anuduriusna 'l (General correlation)

Nu = CRe"Pr" 19 C,m tagn = coefficients

Internal flow

1. Laminar flow in pipe @UN1TUDY Sieder and Tate

0.14

Nu = 1.86 (Rex Prx D/L) " (LLy/LL,)

Lﬁ@ L = ANNIY9IN0D
1 J 1
D= LﬁUNTUﬁUEJﬂaNﬂWEJGlu‘U@QVIS

v 1

Auauiaa q vosve lvavzmngurgiimasvesves lva snidu W, dmnguugiinmiame

2. Turbulent flow in pipe

1/3 0.14

Nu = 0.023Re ** x Pr 151un3ai Re > 10,000

x (UyW,)

'
=) a

Auauaa q vowe lvavzmiguugiimaevesuedlva enidu W, 1dmnguugiimime
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% ] A ¥ [ o g I ' {
mod1an 14 11 Tnadreeasimsna 0.02 ke/s gnihldieuaiunn 20 ‘ciilu 60 °c Tuneinalunniueu

% 1 9

%~ 1 4 1w A 1w ' o a £
Famduriugudnanamelumin 2.5 cm. gaurginmisnemuluminy 90 °’c vlszanamdusz@nsmam

A5 0U B1ANVEIVDINDNNY 1 m.

o [l ~ Y o 3 Y ] ~ A dg! a Id ~ A
AIDYINN 15 mEJGIﬂﬂﬁulﬂa"llmuﬂu@?@mqw 1 IWNUUINAN 0.02 kg/s ll]u 0.2 kg/s Gl»u"llmzmﬁﬂ']:]g@u 9

1 U a QJ L}
mﬁaumu %Qﬂ?ﬂ?ﬂ!ﬂ?ﬁﬂﬂi%ﬁﬂ‘ﬁﬂﬁ‘l"ﬂﬂ’ﬂu%l@uclﬂh
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External Flow

9
1. The cylinder in cross flow ﬂlﬂﬂllﬂallﬂﬁﬁiﬂ1ﬂﬂ‘1J3ﬁQ§‘]J‘VINﬂ5$‘1JE]ﬂ

TqUNITVDI Hilpert

Nu = hD/k = CRe"Pr”

1 o [ ' g” S g . . . .
A1 C 1ag m ammgﬂmwm il NI circular cylinder @& noncircular cylinder RN ERRTERERR
A1 characteristic length D N1 1uM3f1uIM Re 1ag Nu dm5nginsans q uaasegluglluas
ﬂmauu‘“ﬁmewaﬂwamﬁ film temperature

T, = (Ta +T)2

2. The sphere @UNITUDY Whitaker

1/4

Nu =2+ (0.4Re'"” + 0.06Re™) Pr™* x (La/LL,)

AuauiAaN 9 vo3u0e liar NNyl To (free-stream temperature) 8nt3U L, WINQungl T, (surface

temperature)

msmmm%’ammuaﬁiz (Natural Convection)

[ 1 v F4
miwmam%@uwu1Jaas3Lﬂmﬁmmﬂmmwumuuﬁummqﬂumawm"lwawﬁuWﬁﬂuﬁum%u 13

a o

= = vy A Y a o ' v P A A
Wum"lwaummwumuuufJfmQmwnquﬂmﬂmgsaaaﬂm (buoyancy forces) mwaiwmaﬂwasaumaauw

U

= : A< ' o A
Gllualn\iﬂuﬁ')usllﬂ\illﬁaﬂlﬂuﬂ?’m5lm’]ﬂ’]uﬂum

anuduriuiin liazeglug

Nu = hD/k = C(Grx Pr)" = CRa"

d’ 1 d'
o C,n = FITPNTI

Ra = Rayleigh number = Grx Pr

v A

< aa
Rayleigh number %Lﬂuwaﬂmmmmm‘l%’m 2 A7 AB Grashof number % Prandlt number
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Grashof number

Gr = g (T,-To) P’D’ = g} (T,-Tw) D’

2 2

w L

i g = anuiguileaninusaTiuntavealan (gravitational acceleration), m/s’

B = coefficient of volume expansion, K" or T for ideal gases

T.— gamgiiiiivessay,

Ta = guvigivesves Ivafivhsnniasagun,

D = characteristic length of the geometry, m

L = WP = kinematic viscosity of the fluid, m’/s
GI,L!ﬂ'ifil‘lJ’éNﬂTiﬂlWﬂmﬂ’NﬂJ%}’l’JuLﬁ@QQWﬂﬂﬁWTﬂ’J']EJ%}’l’JuuUUa’dﬁg ﬁJJ‘]_Ian]NﬂWFJﬂTWGU?NGUI’Nllﬁﬁfﬂ$ﬁ1°ﬁ

oUW T, (film temperature) Tag T, = (To, +T)/2

Q QU

@ ]

= ' o a £ ' 9:
$20819N 16 %Qﬂiglﬂmﬂiﬁhﬂﬁgﬁﬂ‘ﬁﬂ1§WWﬂ'JnJ%J’EJu“U’ENﬂWigﬂlul,a’EJﬂ’NiJ%J?JUIﬂfJﬂWiW']ﬂ’NiJ%}'OUﬂWﬂ‘ﬂ’l’)hl’f]Ln

Aa

A 1 2 A ] J an A ] ' w a
1seglunueu Flidumuguinais 10 cm. gungiinane N lulddunuumi 130 'C uazquugives

21MANIND 30 °C
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msmmanlszanssInmsaenaN3ou (Estimation of overall heat-transfer coefficient)

Y 9
mﬁawmmm%’@umﬂmﬂﬁuw%’am q N ﬂﬁiﬂﬂﬂTﬁﬁ?ﬂ?TﬂJ%@Hllﬁ%ﬂ1§W1ﬂ313J%}@u(combined

conductive and convective heat transfer) 15U M3a18MANNSoUINNONLVOL InaNguUgiigInIgurgiive

' Y 1
mumﬁ’ameuuawa Tunsaiil ﬂam%’au%awmmﬂmm"h/iamﬂﬁlumumwuwaﬁ'miuiﬂﬂﬂﬁwwmm%jau

v o . 1 ] v 1 o 9 . g’/ 1
HUVUNAY (forced convection) LlazﬂﬁﬂWUL‘ﬂNWHWUQW@I@HﬂﬁHWﬂ’NNi@H (conduction) IINUUDIUNLUUNIG

' Y
MANuFeUdATE (free convection) 11NAIAIHUBAVBING 11/FiFUAdBNTOY 9 AU NMIBIBMANNS oUIY

9 Y 1
DANIUBU 3 FU mmmﬁﬁumumﬂmmmuﬂm

E1]1ﬂ@'11‘fﬂﬁ‘fﬂﬁhEllfl/lf‘]’ﬂll%}’@‘l/!

q=(T;~ Ta) /R,

130 R, = ANUAUMUANUTDUIIY (Combination of the thermal resistances)

RT = (Rt) insideconvecli0n+ (RI) conduction + (RT) outsideconvection

=h.

Iﬂﬂ (Rt) insideconvection = 1/ hiAi

(Rt) conduction = ln (r(]/ri )/2’TCkL

(Rt) outsideconvection= 1/ hvo

a lg 1
e h = dulszansmimanudeunelune (inside convective heat transfer coefficient)

F4
Aa

A, = fuhrimelune (inside surface area of the pipe)
= mmsthanuiouvesiaqhl9iivia(thermal conductivity of the pipe material)

r. = salneluveane (inside radius)

1

[

r, = SAUMEUDNVDIND (outside radius)

o a £ F ' . . .
h, = ﬁuﬂi%ﬁ‘ﬂfﬁmi‘wmﬁmiﬂumﬂu@ﬂﬂ@(outmde convective heat transfer coefficient)
k2 v
A = ﬁu‘ﬁﬂ’)ﬂﬁ]u@ﬂﬂ]@ﬂﬂﬂ

0

[

Y
!fllﬂuﬁllﬂﬁﬂﬁﬂm!,‘ﬂﬂ’ﬂu%j@ui’JiJ Ulﬁj JU

q =UA,(T,- Ta) = Ti—Ta/[l/UiAI} qums 1
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d‘ o a QJ A = v i‘ ﬁ' 1
Taoh U, =ﬁll‘].]i%ﬁﬂ‘ﬁi’JiJﬂﬁi‘lﬁJL‘V]ﬂ’JﬂJ%jE]‘lﬂﬂﬂmfJ‘]JﬂTJW‘LW]J’HfJblH‘VIE]

Y

22 181

1 = 1+ In@/)+ 1 wag 1 = 1+ In(r/r,) + 1

UA, hA, 2TkL  hA UA, hA, 2TkL  hA,

1 0" "o

= 1 9 Y o A
mmsmmaufmmsmsmmemmiausaullﬂammuwmﬂa

q =UA, (T,— Ta) auMS 2

aums 1 wag 2 3 lionimmemanuionsIn q iy

TasN UA, =UA, U Uz U,

@ 1 A ' { ] 4 [ 1 { a

Mod1en 17 Nenlduriugudnaramelummny 2.5 cm. gnldlumsvudieniismaifigaumngil 80 °C

@ a £ 1 1 [ Y ' o 1< X ' o

duilszansmamanuioumeluneliaminy 10 W/m’ #oru 0.5 cm. Mrmmanaalinnmsinnuieu 43
T v U a Q( ' v

W/m °C gauingiison q aAuuenniny 20 'C dulszansmsmianuioumeusnminy 100 Wm® °C 99

< 1 § 1
ﬂiu’JmﬁWﬁﬁJﬂizﬁﬂ‘ﬁi’Jllﬂ"IﬁﬂWmeﬂﬂnJ%}E]u uazmm%’auﬁgtyzﬁamﬂmsm 1 m.
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= U Y
nuvrnfameun

v Y
1. aammAnu3ous iz ved01sAUI DY (Model food) NTaIN1sznoVAIAB 11)il Carbohydrate

35%, Protein 20%, Fat 15%, Ash 5% Lo Moisture 25 %

a

J o 9y = d’d g d' 0
2. AWHIIMINANUTO UV AUZIVONANY LTI 78.8 % N UNYN 50 C

U

k4 H k4 Y
3. Twmimsmemanuioutuy Steady state AoMIENUNRIUIAYIToMEIN AN YU TU

Aa

a A aa o e I o a £ '
VWAIUUU 4 LBEUANAT ‘VI?JQﬂlWQNﬁW?ﬁNTLﬁN@WQﬁ@QﬁHHLﬂU 100 ttag 80 °C dulszansmsnramaiiuy

4
@ I
fouvosiagiiilu 19 wm °c

& A 4 £ '

Y 1 Q a v
4. iiiehdeuligungil 95 °'C Alimdusz@nTMsmemanuounuLIIAY 70 W/m °C

Q
H k4

I a ad 0 Y] o ' ] 1 A Aa v a g 3
AUEINIEY 5 °C THmeasimaoiemanudeuaeiiunmianved lvaludamaduiu
1 [ "o I 1 a
5. vamneuvuuilag lasuanudeouTasmsunssmiufsmamla Sgamgiinielumn
< 0 < 0 A g af 4% < 2
U1y 400 °F nazvosvuualadly 100 °F yuulalian 1y 0.85 uaginunnaviuanly 100 a151947

a

Ay = ' I Y a a ~ = Ay P
6. VW’]TN’I’Tu@m@Q!LNULWﬂﬂqiﬁuN‘ﬂWHW 1 I UALUAT U 110 93 UYLBE Gluﬁumzmmumwm
3l

U

a =

Wl 90 oA ITAITod AUNAIINTNBNANNS o U gHIdn Al uANBIAD (Steady state) D1

a

mdulszantmsthanudeuveaunin1faiuiia 17 wim °c Wmamngiiiszning 0.5 mufmas
nnfmisitgangd 110 osrnwaiFee

7. Heat transfer in cold store wall of brick, Concrete and Cork. A Cold store has a wall comprising 11 cm. of
Brick on the outside, than 7.5 cm of Concrete and than 10 cm of Cork. The mean temperature within the store is
maintained at -18 °C and the mean temperature of the outside surface of the wall is 18 °C . Calculate the rate of heat
transfer through the wall.The appropriate thermal conductivity are for Brick, Concrete and Cork, respectively 0.69,
0.76 and 0.043 W/m °C.Determine also the temperature at the interfaces between the Concrete and Cork layers, and
the Brick and Concrete layers

8. T¥msasins Inavesnnudeunenilantizen11ue11veanoNe AT Fa1U7 1.2 cm HeNoaAdl
durguéna1anislu 0.8 cm 50UNENBIAITRUIUTNUT 4.3 cm FIR20 fiberglass 1Hvo A lnanielune
NOIAIQUNYI 350 °C UAZIUUYNUITEINMATOURUIUNAUNIAY 20 °C wazfmualddulszanimamaiy
Zou neluriemaiy 2500 Wim’ K meuenenindy 17 wim® K dutlszansmsihanudeuveaneauaaniify
386 W/m 'K 1azuoq fiberglass 0.038 Ww/m’ K

@ % o ] <] a Aa a a ] <]
9. Sillﬂ‘]_]uﬁ}\i@u’i’iﬁﬂﬂﬁlWﬂLLWULWﬁﬂWU'I 5 Uaauag ﬁjuﬁ}wamuuuﬂﬁ@ﬂuwm 25 Haaluag LRUan

' o < o w a < <
saznwudianinnudowdlu 45 uaz 0.06 Wm °C muday Mgungiinielugemilu 60 'c nazmeluiouily

=1

0 1 9 = ] o I 1
20 °C pennnIIuNANYSouN g dor IRz e la

U g
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Y a [l 1 3 A A a a ' <] ' o
10. llamqﬂmgu 110 OC llﬂﬁWWHV]@LWﬂﬂ"UUWﬂ 25 UAAIAT ¥1UT 3 Uaaluag “n’e)maﬂﬁmmimmm

< = a o a £ 1 4
Fowdlu 45 wim’ °K aeluiesligangiiiu 15 °'c uaz ldduilsz@nsmsaremanuiewiiowinnisniaiy

L]

=

v o <3| 2 = 2 1
Founrnmiianoauuenldomalassouilu 20 wim’ K IdmfSuannuieunguyds lnivuanoase
ANEIING 1 10AT

A a 5 0. < 0 Y A = 9 '
11. Gluﬂ’lilwuqmﬂau"ll@\‘lu’ﬁnﬂ 20 °c 11lu 40 °C ulmﬂflﬂi@\ulﬁﬂ!f]JafJUﬂ’J'uJﬁ'ﬂquU‘ﬂ@ﬁ@Q

a

g}/ & 1 = Aa a 1 %’ & 1 = 0 9 o [ a zg 1
¥u FIno ludvuIa 25 Yaamas mu"lemcm‘lwa“l,umuaﬂuqmﬁﬂu 95 °C Imuiamdulszansnmsatom

U

9 Y H
anudouvesruih Myruald m = 1.5 m’/hr, P Nguugll 30 °C = 998 kg/m’

ada Y

] 9.! [ [ 4 Qy 1 [
12. o levhdinurudu Taduiuguanatsmeuenla 4 11 guugiArnuIusIUUBNgalia1 130 °C
P, 3 A

1 1 a o o a £ U a o
VII’J’JN@QiHﬁ}@QQmﬁ{]NEﬂﬂ"M 70 °C ﬁ]QﬂTH’JmWWﬁﬂJﬂﬁ&’ﬁWﬁﬂiﬁﬂWEJL‘I/Iﬂ’NﬂJi’t’Ju‘lJ’(’JQGHH’EJWﬂWﬂVIE]gﬁﬂﬂﬂﬂu’)u
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