SNS COLLEGE OF TECHNOLOGY, COIMBATORE-35

DEPARTMENT OF FOOD TECHNOLOGY, Heat and Mass Transfer for Food
Products —

UNIT IV-HEAT EXCHANGERS
Topic - Tutorial- LMTD Method - NTU - Effectiveness

1 Water flows at the rate of 65 lkz'min thronsh a dooble pipe conmber flow heat
exchanger. Water is heated from 50° C toT5%C by an ofl flowing throngh the fube.
The specfic heat of the ol is 1.730 kjlz K The o enters at 115°C amd leaves at
TorC_the owverall heat transfer co-eficent is 340 Wim? K caloalie the following
1. Hear gnchamssr area
1 Rate of heat mansfer
Caven:

Hod fhid —oil, Cipld fuaid —water
(T:. T2l (., 2]

Iass Bowr rate of water (oold fluid), m. =&5kz'min
= 6560 ks
m =108 kg
Eniry ternperanare of waber, t, =507 C
Exat remperatore af waber, =75 C
Speqific heat of edl (Hot fuid), T, =1.780 ETke K
=1780% 10 Tkg K
Eniry temparaiame of ail, T, =115 C
Exat tempemitore af waber, T; =70¢ C
Oreerall heat mansfor co-efficient. T7= 40w K
To find-
1. B=at exchanzer area, (A)
2. Rate of heat macster, (0
Solotion:
We koo that,
Heat tramsfer, Q=m, ¢ (L.—{,) {er) m, c, (T, -T2}
Q=m Cp(t.—-1,)
Q=108 x4186 = (75— 50
[Specific hear of water, c. =4135 Tkg K]
Q=112x 10" W
We knwrer that.
Hear mamsfer, (=T =4 (AT,
[From HMWT data book pass no-1 53 sixth editon]) |
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A= L0 m

1 Aparallel flow beat exvchanger is wed fo cool 4.2 kz'min of hot iquid of specfic
beat 3.5 kIkg K at 140° C. A cooling water of specific heat 418 kIkg K is used
for cooling purpose of a temperature of 13° C. The mass flow rate of cooling
water & 17 ke/min. caloulate the follwing.

1. Onutlet temperaturs of hiymid
1 Outlet temperature of water
3. Effsctiveness of heyt exchangsr
Take
Owerall heat ransfer co-afficient iz 1100 W' K.
Hear enchanger arza i 0 300
(Aven:
Mas; flow rate of hot iqued, m, =42 kz'min
m, = 0.07 kgs
Gpecific heat ofhot Bigud, . =33kkzE
u=3511F JizK

et tenperanure of bt liquid, T, = 1307 C
Specific heat ofhot water, C.=418KkeE

C,=41811F JizK
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Inlet tepqperature of hot water, £, = 15" C
Miass flowr rate of cookng water, m, = 17 kg'min

m, = 0.28 l=s
(rerall haat manster co — efficient, U= 11 wm* K
Arpa A =003 m*

1. Cutlet terperatore of Houid, (T4
1 Outlet ienmperaiore of wates, (i-)
j. Effemivensss of haat echanzer. ()

Solution
Capacity rate of ot liguid, C.=mxCa
=007x35x10 — -
Co=lEWE. . __. (1) -
Capacity rate of watsr, C=mxly
=028 x4.18x10
C=LUTMAWEK....._..(2)
From (1) and (2.
Cam =25 WE
Coawe = 11704 WE
=% %:%:ﬂj@
=09 )

Mamher of rapsfer wmis, WITU = c'i

miE

[From HUT drin book posene. 1327

= h-l—[-i- - l.JIf!:::‘J k0]
NIU=134 . {4
To find effectiemess £, ngfer HMT data Seok poge noe 163
(Faralial flene Bear acchamgeri

From graph.
X NIU=134

Carve *% = 0200
Comespondime ¥, valoe i 64 T
ie, e=10.64
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from HWT daia Book
o muep, (I —T,)
C. (T, —1)
130 —T,
130 -15
T:-=384"C
To Omd 1

oy, P T1-T2) =m O, (-t
007 =3 5107 (130-564) =0 2B-~2185 (t-15)
=304C

Dvlancirmprn peoissibls hear trarefer
Qene = G [T — 1)
=245 (130-15)
Qe =2817T5 W
Acrtual beat tramsfer rate
Q=% Quu
=086 x 22175
Q=13032TW
e ey thart
Heat mansfor, = m C.t:— 1)
12032 =028 x4 12 107 (1. — 15)
12032 = 11704 1z - 17556

== I = 30407
Outlet temperatore of cold water, € = 30.40°C
We Emoay that

Heat mransfer, O = my Tl — Ta)
180532=007x3.5 107 {130— T2
12032 = 31850 -245 T,

== T: =564°C

Outlet temperatnre of hot Bepmd T = 56.4°C
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3 Hot chemical products (C.. = 2.5 ke K) af 600 C and at a flow rate of 20 kg's are
meed to heat cold chemical products (C, =4.2 ETkg K) at 2000C  and at a flow rate 20
kg's in a paralled flow heat exchanzer. The total heat trapsfer is 50 m" and the overall
heat tramsfer coeffident may be fakem 3= 1500 Wim' K calcnlate the outlet
temperatures of the hot and cold chemical prodacts.
Criven: Parallel flow beat exchanzer

o =600° C ; my =30 kg's

Ca=215kkeK

T, =100 ; m. 28 kg's

Ce=42klkz K
A=50nr
U=1300 WK
Find:
@ Te (@T.?
Solution
The heat capacities of the two Soids

e mle=30%25=T5EKWE

C=mue=Ex42= 11THEWEK

The o =2 = —— = 0.64

Camay T

I‘!ﬁTU= (] - LEDE x 50 - i,l:'

min TExip®

For a parallel flow heat exchanser, the effectiveness from Fig 1313 mnia@mdmgtn%
and WU

e=048
We know that

E= Acsiual hes! crznef T
Mar porcel bl Aeaf frang e

_ ™A (e — Ta)

r'nl::’l.l— Fol

E= [Fhz=Thal

[Ta=TFal

__ GD0- Ths
j AR =" "R
b=g i e 13

Page 50of 9



SNS COLLEGE OF TECHNOLOGY, COIMBATORE-35

DEPARTMENT OF FOOD TECHNOLOGY, Heat and Mass Transfer for Food
PHASE CHANGE HEAT TRANSFER AND HEAT
EXCHANGERS
Topic - Tutorial- LMTD Method - NTU - Effectiveness

Tz = 36FC
We knowr that
Haat ko= by the hot produc = Heat gained by the cold prodoct
Mg [Ty — Thod =Mt (T, — Ty
THEMD - 3600 = 1174(Tz — 100)
T..=253.06°C

4. Estimeate the diffosion rate of water from the bottom of a fobe of 10mm diameter amd
15cm lomes vte dry air 15°C. Take the diffasion cosfficent of water thromsh air as 0138

M. = molecular weight of wazer = 18
P=Total pressure =1 01325 x 10¥ Har®
-3 =015m
P, = partial presaure at 25° C =0.03156 = 107 Nor®

Be=0
Fimd-
Dniffirsiom rate of water {or) Wass marsfer raes of water,
Solution
Wa know that
Miolar rate of water (L) ‘»
M =%-=;.1 In I"—
BT b=
Here B.=P-P. BE,=PF-F,
AL =172 1 107" kp-meole's
Mizss ansfor rate of water
{inr) = Iviolar rare of water X molacular weizht of steam
Daffiasion rate af weater

M.=1T2x10" =18
Daffasion rate of water (AL)=3.1x 10" k=5
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6. A comnter flow heat exchaner is emploved to cool 0.5 kg's (C, = 145 kjke*C) of il
from 115°C to 40°C by the use of water. The mnlet and outdet temperature of cooling
water are 13°C apd 75°C respectvely. The overall beat tramsfer coefficient i expected to

be 1450 Win™C.
Using NTU method, calulate the following:
M The mass fow rate of water,
(@ The efectvensss of beat enchanzer,
(M) The surface arsa required
(Avea:
Counter fow HE
M, =0355ke’s
G, = 2450 %gC
T,=115C
T=40C
t,=15C
t,=75C
U=1450 Wm™C
To fmd:
1. The s foor mite of water, (o)
1 The effectivensss of heat enchangar, (=)
3.The surface area required (A)
Stfuton:
Fore -NTIM method fom HMT date book
Q=2 G (T - ty)
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To find m,
sz enerzy halance equaton.
Heat Jost by hot fuid = Heat mined by cold fusd
My, (T-T;)= m,'r-m{tr’hj
Q55 4500115 - 4 =m x 418675 - 15)
m, = 0.40kgs
Heat capaciry raee afhot fuid =G =my, - C,
=035inlss
=135 kwkK
Heat capacey rate of cold hsd = =me, -
=040 %4108
C.=LiTkwE
Ao ot
G= G

E="ﬂhf_|!;_r-_—.";.l
Cmin 1T =Tl
= 15=40

115=15
€= 075 =T5%
Q=07551350{115-15)
Q=101
Q=TA AT
A=Q/UAT) im
A=

ILE L
_lpis—7gi-{4a—psl
1

(AT)y=319°C
_ lOL3EE
TSI

A=11m
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