SNS COLLEGE OF TECHNOLOGY, coIMBATORE-35

DEPARTMENT OF MECHANICAL ENGINEERING, 16ME306/ Heat and Mass Transfer — UNIT Ill -
PHASE CHANGE HEAT TRANSFER AND HEAT
EXCHANGERS
Topic - Tutorial- LMTD Method - NTU - Effectiveness

1L Water flows at the rate of 65 kg/min thromsh a double pipe coumter flow heat
exchanger. Water iz beated from 50° C t075°C by an oil flowing through the tube.
The specific heat of the oil is 1.750 kjig K_ The oil enters at 115°C and leaves at
70°C._the overall beat transfer co-efficient is 340 W/m2 K caboualie the following

1. Hear grchamzer area

2. Rare of heat mansfer

CHven:
Hot fusd —oil, Cold fhaid —water
(T:. T3 (5. =)

Mass flowr rate of water (cold floid), m. =65 kg'min
=628 ks
m =108 kg’
Enmy temperanme of water, t, =50 C
Exgt remperarors of wrater, 1, =75 C
Specific heat afedl (Hot fiuid), C, =1 780 KTke K
=1780% 10 Tk K
Epiry temmpearainme of otl, T, =115°C
Exat tempematore of water, T; =70 C
Croeralll heat ramsfer oo-efficient. T7= 30wm® K
To find:
1. Heat exchanger area, (4)
2. Rate of heat mamsfer, (1)
Solution:
We know that,
Heat tramsfer, Q=m, ¢ (1) (o) m, € (T, - T2)
Q=m C.(t.-1)
Q=108 =418 x 75 — 50
[Specfic hear of water, . = 4134 Tkg E]
Q=113x 1" W
We knoer that,
Heat tramsfer. () =TI%A (AT),
[From HMT data book paze no-1 52{sixh ediisomn) |
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1 A parallel flow beat exchanger is wsed fo cool 4.2 kz/min of hot Giquid of spedfic
beat 3.5 kIkg K at 130° C. A cooling water of specific heat 4.18 kIkg K is used
for cooling purpose of a temperatare of 13° C. The mass flow rate of cooling
water & 17 ke/min calculate the folkwing

1. Ouflet temperature of Gud
1 Ouflet temperaturs of water
3. Effsctiverss: of heat exchanger

Owerall heat ransfer co-efficient iz 1100 W' K.
Heat exchanger area i 0 3007
(Aven:
Mas; flow rate of hot bquid, m, =4.2 kz'min
m, = 007 ks’
Specific heat ofhot liquid, ¢, =3 SkIkzK
Ca=dS110 IizK

et tenperature of hot liquid, T,=130°C
Specific heat ofhot water, C,=418KkgE

C, =418x1FJlzK
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Inlet tepperature of hot water, ;= 15" C
Mags flowr rats of conkEng water, 1= 17 Eg'min

m, = 0.28 loz'=
Croerall heat mansfer oo — efficient, T7=1100 wim®* K
Area A=003 o
Tofmd -
1. Outlet fepperatre of Homd, (T5)
2. Ouwilet ienmperatore of water, (i)
j. Effecrivensss of heat echanger, (E)

Solotion :
Capacity rate of bot lignid, Co=max G
=007x35 =10 e
Co=R5WE........(1}
Capacity rate of watsr, Co=mxle
=028=418x10
C=INTAWK....._..(2)
From (1) and (¥},
Coan =285 WK
Cowe = 11704 WE
e :::__.,"= Ifj:J =0.202
E:nm S .
Elmternfmfauniti.hTU’:ﬁ
[From BT b book pasano. [52]
= NTU= '.]I?-‘;‘:E‘! e 1e
NIU=134_ _____ _____ {4
To find qffectiveness &, rgfer HMT daa ook pase ne 143
{(Permalied flow hear aochangari
From zraph,

K™ NTLUI=134
Curve "—:::: =020

Comespomnime W vakoe s & %
ie, e=0.64
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from HMWT daia Boolk
= mep (T, —T)
Ca T —1,)
130—-T.
e = —
130 -15
T:=354"C
To find t;

oy, (T -T3) = mCp, (1-1;)
007 w3 5107 (130-56.40) =0 2B:4186 (1-15)
= 304

Meodrmpn possibls heat ransfer
Qe = G (Th—i)
=2M5(130-135)
Qe = 28175 W
Artoal beat tram=fer rate

Q=& X Qe
=08 x28.175
Q=18.032"W

We know that.
Heat ransfer, (= my, Co(t:-— 5]
18032 =028 x4 18 x 10F (1, — 15)
= 18032 = 11704 t; - 17556
== = = 3040
Ourtlet temperaiure of cold water, €; = 30.40°C
We know that.
Heat ransfer, Q=my Cul{Ti— T2)
18032 =007 x3 5 10" (130-T5)
= 18032 = 31850 -245T:
== T =364C
Outlet temperaire of hot Bepmd, T: = 56.4°C
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3 Hot chemical produocts (C = 2.5 Kl'kg K) af 600° C and at a flow rate of 20 kg's are
msed to heat cold chemical prodocts (C, =4.2 LTl K) af 2000C and at a flow rate 10
kg's in a paralld flow heat exchanger. The fotal heat transfer is 50 m” and the overall
heat tramsfer coeffident mav be takem as 1500 Wm' K calcalate the onilet
temperatures of the hot and cold chemical prodocts.

Criven: Parallel flow heat exchanzer
Ty = 600" . my = 30 kg's
Ca=2135klkgE
T, =100 ; m. 28 kp's
Ce=4Ik= K
A= 50nr
U= 1500 WK
Fmd:
0 T (@T.?
Sohutiomn
The hear capacities of the twe Saids
G =My =30x215=T3kKWE
G =M= B xd42= 11TOEKWE
Tte o ::T = ——=[0.64
- BaA LS00 50 _
WTC fmin  Tsxif® v
For a parallel flow heat exchanzer, the effectveress from Fig 1315 oomespendine m@
and MTU
e=048
We know that

= Actual et trenejer

Narx porelbly Aot dranyfer

s r|L"'r'F-'i i¥ny— T

CpminF - T

— [Pz =Thal

[Teq = Tl

gy — B0 = Ths
I:I' E CO D= 130

Page 5of 9



SNS COLLEGE OF TECHNOLOGY, coIMBATORE-35

DEPARTMENT OF MECHANICAL ENGINEERING, 16ME306/ Heat and Mass Transfer — UNIT Ill -
PHASE CHANGE HEAT TRANSFER AND HEAT
EXCHANGERS
Topic - Tutorial- LMTD Method - NTU - Effectiveness

Thx = 360-C
We know that
Haat ko= by the hot prodinc = Heat zained by the cold prodoct
My [Ty — T ) = M (T — Ty )
300 — 3600 = 117.5(Tz — 100)
T,.=253.06°¢C

4. Estimate the diffosion rate of water from the bottom of a fobe of 10mm dismeter and
15cm lome vte dry air 15°C. Tale the diffusion coefficent of water fhrongh air as 0 135
10'm's

lerutar weight of water = 18
P= Total pressure = 101325 x 1(F Nm®

XX =015m
P, =partial pressure ai 25° T =0 03156 x 10" Nor
Be=
Find-
Dniffirsion rate of water (or) Mass marsfer rans of water.
Solution
We know that
Molar rate of water L)
M= iFE)
e i mme Misun-sm)
Hema B.=P-P.. EB,=P-PF,
ML =172x 107" ke-male's
Mass trans for e of nater
{inr) = Wiolar rare of water X maolecular weight of seam
Diffiasion rate of water

M.=172x10" =18
Daffosion rate of water (ML) =313 10" ks
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6. A comnter flow heat exchamzer &5 emploved to cool 0.5 kg's (C, = 145 lglg"C) of il
from 115°C to 40°C by the use of water. The mlet and outls temperature of cooling
water are 15°C and 75°C respectively. The overall heat transfer coefficient i+ expected to
be 1450 Wim™C.
Using NTU method calmlate the following:
() The mass flow rate of water,
(M The efectvensss of beat enchanzer,
(m) The surface area required
(Aven:
Counter fow HE
M. =055kgs
C,.= 243k ke'C
T,=115%C
T=40C
t,=15C
t;=75C
U= 150 W
To fmd:
1.The muss fow mate of water. (o)
1 The effectvensss of hear enchanger, (£

3.The surface area required (A)
Stution:
Fare -NTU method from HMT date book
Q=¢ Gu(T-1L;)
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Tofimim,

Use enerzy halance equation
Heat lost bry hot fiuid = Heat mined by cald fhuid

055 £ 450115 - 40) =, x 4186 (75 - 15)
m, = 0.40kzs

Heat capaciry rate ofhot fid =G =m, - C,

= EE. i+ T [
=055x143

G=135 kK
Heat capacey rate of cold fsd = G =m, - €
=40 %4186
C=16TwE
Et 2 l:'.
Eh= I:rlr.
E=“?.:-_i~5,l'-_—";:'
Cmin (=T}
_ 11540
15-15

E= 0.75 = T4
Q=075 %1350 (115-15)
Q=101250W
Q=UA (AT}
A=Q/UAT) im

AT)g =250 ::".":':

(115-75)-{43-15]
™ =14

(ATha=3L0°C

_ LoLEe

T I4SDT L8

A=11¥m
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