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ABSTRACT: Heat exchangers are used extensively and regularly in process and allied industries and are very
important during design and operation. The choice of heat exchanger type directly affects the process performance
and also influences plant size, plant layout, length of pipe runs, and the strength and size of supporting structures.
Compact heat exchangers are characterized by having a comparatively large surface area to a given volume, when
compared with traditional heat exchangers, in particular the shell and tube type. Two-phase (liquid-liquid) flow is
frequently encountered in chemical process industries. In the present work the performance of plate type heat
exchanger have been studied experimentally and comparison was made between the co-current and counter-current
flow pattern with different cold side fluids that involve both immiscible and miscible systems. Hot water was taken
as the hot side fluid for all the experimentation. The cold fluids used were water, kerosene-water system, acetic acid-
water system of different compositions say 9%, 10%, 20% and 25% on volume basis in different flow rates. Also the
flow rate of cold fluid was varied to find the effect of flow rate and composition on heat transfer coefficients,
effectiveness and efficiencies. The hot fluid flow rate was kept constant at 1lpm and the cold fluid flow rate was
varied from 12.5 to 42.5 Iph. The above experiments indicate that the plate type heat exchanger performs well when
operated under counter current flow pattern.
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I. INTRODUCTION

A heat exchanger is process equipment used for transferring heat from one fluid to another fluid through a
separating wall. “When none of the fluid condenses or evaporates, the unit is called as Heat Exchanger." In this only
the sensible heat transfers from the one fluid to another. They are widely used in petroleum refineries, chemical
plants, petrochemical plants, natural gas processing, refrigeration, power plants, air conditioning and space heating.
Heat exchangers could be classified in many different ways such as according to flow arrangements, number of
fluids, surface compactness, process function, heat transfer mechanisms, type of fluids (gas-gas, gas-liquid, liquid-
liquid, gas-two-phase, liquid-two-phase, etc.) and construction type (R.K. Shah et.al.,2000). There are several types
of heat exchanger:
e Recuperative type, in which fluids exchange heat on either side of a dividing wall
e Regenerative type, in which hot and cold fluids occupy the same space containing a matrix of material that

works alternatively as a sink or source for heat flow

o Evaporative type, such as cooling tower in which a liquid is cooled evaporatively in the same space as coolant.

1.1 OBJECTIVE OF THE PROPOSED WORK

The experimental work in plate type heat exchanger (Parallel and Counter flow) involved in the
determination of outlet temperature of both cold and hot fluid for various flow rates. The water-water system, water-
acetic acid system, and water-kerosene system at 9%, 10%, 20% and 25% composition on volume basis of kerosene
and acetic acid, were used to determine the performance of plate type heat exchanger. i.e. overall heat transfer
coefficient (Uy), effectiveness (g), cold side efficiency (1) and hot side efficiency ().

Il. PLATE TYPE HEAT EXCHANGER
2.1EXPERIMENTAL STUDIES
Experiments were carried out on a plate type heat exchanger with both parallel and counter flow patterns with
miscible (acetic acid) and immiscible (Kerosene) systems in cold side and water in hot side
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2.2 Experimental Set-up

The plate type heat exchanger under study consists of 5 plates and 2 end plates made of Aluminium of
dimensions, 150 mm x150 mm inner dimension and 250 mm x 250 mm outer dimension. The heat transfer plates are
arranged to form a network of parallel or counter flow channels. The plate pack is mounted on upper and lower rails
and compressed between two end frames using compression bolts. The hot fluid is hot water which is obtained from
an electric geyser and it flows through one plate while the cold fluid is flowing through the other plate. The hot
water flows always in one direction and the flow rate is controlled by means of a gate valve. The cold water can be
admitted at one of the ends enabling the heat exchanger to run as a parallel flow apparatus or a counter flow
apparatus by simple valve operation.

2.3 HEAT EXCHANGER SPECIFICATIONS

No. of plates: 5 plates and 2 end plates.

Size of the plate: outer diameter 215 mm x 215 mm inner diameter 150 mm x 150 mm.
Material: Aluminium

Gasket: silicon 6 nos.

Temperature scanner 5 point 1 nos.

Thermocouple 4 nos. 2 nos. for cold water inlet and outlet, 2 nos. for hot water inlet and outlet.
Measuring tank 70mm in diameter length 500 mm 2nos.

Stop watch- digital- 1 no.

Geyser- single phase 230v-3kW-2 nos. total 6 nos. with main switch

Insulation material: Asbestos

VVVVVYVYVVYY

2.4 EXPERIMENTAL PROCEDURE

The experimental setup was operated in counter-current flow pattern by adjusting the valves. The flow of
water on hot side was started. The flow rate of water entering the hot side of exchanger was adjusted with the help of
a ball valve.

The geysers were switched ON and waited till temperature reaches a steady state. The temperature scanner
was switched ON and inlet temperature of hot side (T,) was noted. The pumps were operated and the rotameters on
cold side were adjusted to get the required flow rate of cold fluid with required composition (9% or 10% or 20% or
25% on the basis of volume).

The inlet temperature of cold fluid (t;) was noted from temperature scanner. The flow rates on the hot and
cold side were unaltered until steady state is reached. When steady state is reached, outlet temperature of hot fluid
(T,) and cold fluid (t;) were noted. The flow rate of cold fluid was varied and the above procedure was repeated.
After completing a run with different flow rates for a particular solution at a particular composition, the procedure
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was repeated for different compositions and different systems (Kerosene-Water, Acetic acid-Water). Similar
procedure was followed for the co-current flow operation.

2.5 EXPERIMENTAL OBSERVATION
2.5.1 Counter Current Flow Pattern

2.5.1.1 IMMISCIBLE SYSTEMS

Inlet Outlet
Volumetric | Volumetric | Temperature | Temperature
flow rate | flow rate | °C °C
of cold | of hot | Cold | Hot Cold | Hot
fluid Iph fluid Ipm Fluid | Fluid | Fluid | Fluid
9% kerosene-water sytem
125 1 31 74 50 59
175 1 31 74 49 58
22.5 1 33 73 48 57
275 1 34 75 48 56
32.5 1 32 75 47 55
375 1 35 76 46 57
42.5 1 33 76 43 57
10% kerosene- water system
125 1 29 76 50 67
175 1 30 77 51 65
22.5 1 31 76 51 64
275 1 33 75 48 63
325 1 35 76 51 63
375 1 36 75 52 64
42.5 1 37 75 51 65
20% kerosene-water system
125 1 34 78 51 69
175 1 35 78 50 67
225 1 35 79 48 68
275 1 36 79 48 67
32.5 1 37 79 47 66
375 1 38 80 46 65
425 1 39 80 47 65
25% kerosene- water system
12.5 1 31 73 48 59
175 1 33 76 47 67
22.5 1 34 75 50 64
275 1 33 74 48 62.9
32.5 1 35 72 48 61.9
375 1 32 77 46 59.9
42.5 1 36 78 45 58.9

Table 2.1 Kerosene- water system

2.5.1.2 MISCIBLE SYSTEMS

Volumetric Volumetric

flow rate of | flow rate of

cold  fluid | hot fluid | Inlet Temperature °C Outlet Temperature °C
Iph Ipm Cold Fluid | Hot Fluid Cold Fluid | Hot Fluid
9% Acetic acid —water sytem

125 1 33 72 56.9 63

175 1 33 72 54.9 61

225 1 33 72 53.9 58

27.5 1 33 72 49.9 57

32.5 1 33 72 47.9 56

37.5 1 33 72 47.9 55

42.5 1 33 72 42.9 54

10% Acetic acid — water system

125 1 33 72 53.9 63.9
175 1 33 72 51.9 62.9
225 1 33 72 50.9 58.9

www.ijeijournal.com Page | 46



Heat Transfer Studies On Plate Type Heat Exchanger Using Miscible And

275 1 33 72 50.9 57.9
325 1 33 72 49.9 55.9
375 1 33 72 48.9 52.9
42.5 1 33 72 46.9 54.9
20% Acetic acid —water system

125 1 33 72 54 67
175 1 33 72 52 64
225 1 33 72 52 63
275 1 33 72 52 62
325 1 33 72 51 61
375 1 33 72 50 61
42.5 1 33 72 49 60
25% Acetic acid — water system

125 1 33 72 60 64
175 1 33 72 58 63
225 1 33 72 58 62
275 1 33 72 57 62
325 1 33 72 54 61
375 1 33 72 55 61
42.5 1 33 72 54 60

Table 2.2 Acetic acid- water system

2.5.2 Co-Current Pattern
2.5.2.1 IMMISCIBLE SYSTEMS

Volumetric Volumetric

flow rate of | flow rate of | Inlet Temperature °C Outlet Temperature °C
cold fluid Iph | hot fluid Ipm | Cold Fluid [ Hot Fluid Cold Fluid | Hot Fluid
9% kerosene-water sytem

12.5 1 31 74 45 65
17.5 1 31 74 46 63
22.5 1 33 73 45 61
27.5 1 34 75 45 63
325 1 32 75 43 63
375 1 35 76 44 64
425 1 33 76 43 64
10% kerosene- water system

12.5 1 29 76 45 68
17.5 1 30 77 46 67
22.5 1 31 76 46 66
275 1 33 75 44 65
32.5 1 35 76 47 65
375 1 36 75 48 66
425 1 37 75 47 67
20% kerosene-water system

12.5 1 34 78 48 71
17.5 1 35 78 48 68
22.5 1 35 79 47 68
27.5 1 36 79 48 67
325 1 37 79 47 66
375 1 38 80 46 65
425 1 39 80 47 65
25% kerosene- water system

12.5 1 31 73 43 64
17.5 1 33 76 44 67
22.5 1 34 75 45 64
27.5 1 33 74 43 62
325 1 35 72 44 62
375 1 32 77 42 63
425 1 36 78 43 63

Table 2.3 Kerosene — Water system
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2.5.2.2 MISCIBLE SYSTEMS

Volumetric Volumetric Inlet Temperature °C Outlet Temperature °C
flow rate of | flow rate of Cold

cold fluid Iph hot fluid Ipm Cold Fluid Hot Fluid Fluid Hot Fluid
9% Acetic acid -water sytem

125 1 33 72 49 68
175 1 33 72 47 67
225 1 33 72 46 64
275 1 33 72 44 64
325 1 33 72 44 62
375 1 33 72 43 61
42.5 1 33 72 42 61
10% Acetic acid - water system

125 1 33 72 48 66
175 1 33 72 47 65
225 1 33 72 46 63
275 1 33 72 44 62
325 1 33 72 43 61
375 1 33 72 43 61
42.5 1 33 72 42 60
20% Acetic acid -water system

125 1 33 72 50 69
175 1 33 72 48 68
225 1 33 72 48 68
275 1 33 72 48 67
325 1 33 72 47 66
37.5 1 33 72 46 66
42.5 1 33 72 45 65
25% Acetic acid - water system

125 1 33 72 50 67
175 1 33 72 48 66
225 1 33 72 48 65
275 1 33 72 47 64
325 1 33 72 46 62
37.5 1 33 72 45 61
42,5 1 33 72 44 60

Table 2.4 Acetic acid — water system

2.6 CALCULATION METHOD

The performance of the heat exchanger for different solutions of different solutions of different
concentrations is evaluated by calculating the overall heat transfer coefficient, NTU, exchanger effectiveness and
efficiencies. The heat exchanger specifications are taken from the section 3.2.2. The calculation method is similar
for co-current and counter-current operations. The calculation involves the following steps,

1. Average Temperature:
The average temperature of hot and cold fluid are calculated using the formula,
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(t+t,)
2
(T,+T,)

For cold fluid,t,yg =

For hot fluid, T,y =

t;— Inlet temperature of cold fluid
t, — Outlet temperature of cold fluid
T1— Inlet temperature of hot fluid
T, — Outlet temperature of hot fluid

2. Log Mean Temperature Difference:

((Tz —t

For counter-current flow, LMTD = L _
In (Tz _tl)
(Tl _tz)
For co-current flow, LMTD = (T, ~t,)-( -t,)
(Tz _tz)
In
(Tl _tl)

3. Fluid Properties:

Fluid properties such as density, viscosity, specific heat capacity and thermal conductivity at average temperature of
hot and cold fluid should be calculated. Properties of pure substance at average temperature are taken from Perry’s
chemical engineering handbook. To find the properties of fluid mixture the following formulas are used,

Hix = /upure(xl)+ /uwater(l_ Xl)

Phmix = ppu.re(xl)+ Pwater (l_ Xl)

C, . =C, pure(x1)+ Cppe 1= %)

kmix = kpure(xl)+ kwater(l_ Xl)

4. Mass Flow Rate:

The volumetric flow rate of hot and cold fluid are converted in to mass flow rate by multiplying it with their

respective densities at average temperature.
Mass flow rate (m) = Volumetric flow rate x Density

5. Dimensionless Numbers:
Reynolds number, Nusselt number and Prandtl number for hot and cold fluids are calculated as follows;

Reynolds number= (De—m .
y7]
Prandtl number = (C ;)(,u)
Nusselt number = (hEe) =(0.28)Ng, (N, ).

6. Heat Transfer Coefficient:
Individual heat transfer coefficient is calculated from respective Nusselt number. Overall heat transfer is found using
the formula,
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7. Capacity Rate Ratio:
Capacity rate = Mass flow rate (m) x Specific heat capacity (cp)

min

Capacity rate ratio =

max

Cmin = mcxcpc
Crax =MyXC

8. Number of Transfer Units:

U XA
NTU = —( - ) .
min
9. Efficiency:
Efficiency for both hot and cold side are calculated using the formula,
m Xc XAT
Cold side efficiency = 77, = (( - pcAT ))
mc XC ch max
(m,xc ,,xAT)
Hot side efficiency = 77, = :
(mh XC o XAT, o )
10. Effectiveness:
NTU
Effectiveness = u x100.
(L+NTU)

111. PERFORMANCE ANALYSIS OF PLATE TYPE HEAT EXCHANGER
3.1 COUNTER CURRENT FLOW PATTERN
3.1.1 Immiscible Systems
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Table 5.1 Kerosene -water system

Tl Fluid ot Fluid (hot water) Hueat Transfer cocfficiest | Capaciry Mooal | Elfecriveness EfMicivney
Kate Transfer

= = Halio unis
Fluid Temparaber: L2 Revmoklls | Musselis | Flusd semperstune LY ET Revmalds | Musselis Cuold Hat Ohrall cald hut
flaw mgmber | nuwmber Flow rarmber | mamber sick side side side

[ ale

K Bp'sec K Kglsec Wik | Wk | Wark 3 % k)
[ 2 m, Mo Moo T, 1 m, . M. h, I U K, NTU & . ™

9% Keroseme— Waler System

S0ALLT | 33ET | G0dde | 1X4asd | REERAY | 37T | 23207 | 001625 | RS4GRS | TARGR | 14856 | 49589 | 112y | Giwndd | 240344 TI0IR 44,180 | 34884

3T [ 32T 00T 17.27R2 1148 FTIT | 33107 | DAlazd B RREN TATAS Ixa1 | 4U2E3 13159 | B2753m4 | 207129 AT 4186 | 3720%

0607 | FILET | ogend [ EE4I90 ) LRSI | 346LT | 130007 | 001625 | RL6R4I TASSE | XITHE | 49072 | 49 | B3S440D | LRORG &l 195 ] B At

37T 32007 | 00T ITHAZS 4 I3 AT | 3FT | a4 BL.Z0ED TAnn 24905 | 491 14335 | (hd3319 1.n1937 H1XITN 34040 AnEd
IS NT | AMAT | B00ATI [ 3127 | 46ER0E | 34407 | 3IRIT | 001625 | BI6e4] TARSE | ITSIT | 49072 | ITE] | DBA120d4 | | ASORS 5947 IER4 | 46512
0807 | 30T | epl00T [ 373664 | L0641 | 3407 | 3B00T | 001623 | RS4685 | TARGH | M0BRY | 40580 | 12555 | 0S9l0es | |.54877 746 26.420 | d6.341
AT | ALRIT | IEIT43 [ 404245 | S MOED | F4RIT | 3T | 001623 RS ARKS TARRE FI4ER | 4UEEE | 19309 | eTndes 123831 33334 23250 | 44188

1075 Kerasene— Waler Sysiom

2T | FEAT | 00333 [ 1ZMen | ZSEET | R40lT | 340007 | 000608 | Yle0n2 | TEROE | 14697 | 50422 | D1ZE6 | oosedlds | 24Tel) TI2E™ 44081 | 19149
AENT | 3ANT | WeeR [ 17 S53R | LAEMIT | 3SKIT | FIRAT | 0060 | S00EA | TETU) [ IERA4 | OS03.20 | 133349 ) 274300 | 209340 &7.6T4] A4AK1 | 25532
LT | AT ) ouggd [ ZETTA] | LTI4A | 34917 | 33707 | 00162 | E07404 | T55RT 172 | S0LIR | 14984 | 0353431 | 1.R206] el HERS Ad.Add | 26,667

00T | 330 | G0T3T | ZRARE | 4 EEES | BRAT | 107 | 0016210 | BRIV | TARD | Made | 40000 | 1a118 | 0d30esT | 1244y e 35704 | A

INET | 3240T | 0ET | H026 | 4TSEE | 34RIT | 33617 | 00162 ER1327 | T.4F4 | ITEER | SMLIG | ITETR | DGOETTI | 14%448 a4 30024 | 31,707

0907 | 32507 | elood | 0040 | SE4002 | R80T | 33707 | D0I62 | 890327 | TS4R4 | 30772 | SMRLE | 15788 | 0Gsedsl | 13773 STR1ET 41026 | 28,205
ST | x0T | oenndT | asamme | fensss | ST | 330t | ez | oseded | Tassy | zaam | Sad | 1sTas | gz | 12771 Sh0HAD R
0% Kerosone— Waler Sysfem
0707 | 33T | n003de | 130502 | 2A00RY | 35107 | M2I17 | 000616 | 940871 T4 12088 | SO8.15 | 102 | 008151 258542 TEONLT 3R.636 | 204558
ST [ A2EAT ] DT | O19SMIG | 3BTRS [ FSLIT | 00T | AWielT | 928487 TalE [ ITH4 | S0e21 | 1ZRI9 | 0253 | 207805 G5 5143 S4.854 | 25,541

I0EAT [ F2LAT | SRR | MGRTE | IRIMEO | 35LIT | ML1T | D0lGl6 | SEART] 743 HiiR S08.15 | 14391 | B32GT4R | ].KDRSS G5 ALY 20.545 25

ST | OAILT | OTIE | 304104 | 434ESE | F3LAT | 34007 | 00lele | 954075 Tol9f | I3IRg | 50709 | IETTR | n3es0d 1.70244 Gl g 20007 | 37907

FURIT | 32T | AR | ISR | 4R4TRD | 3SLIT | 3T | O01617 | 92.k47 THIUA | I35 | SR | 1894 | RATITIE | 15475 50,7451 2341 | 3kUST

JLLLT | 31%1T | TS | 414R] SIR0ST [ 3FAUT | AIRNT | 01617 | 2R TAOE | TREEE | 50621 | ITRRT | 0344307 | ].A42368 R TG 19048 | 33,714
FI207 | FMeT | DOLI0S | ATRSOK | AR | S3ELT | 23RI1Y | 001GlY | 92K37 TG | 306T | 30631 | 1E9Rd | DelesLY | 152503 AT .006R 19512 | 3383

25% Kerisene— Waler Sysfem

ST | OF2LT | D23 | 13702 | T&IMKD | Fd6LT | 13207 | 001624 | S4.ERd6 TATHS 13282 | 49283 | 10383 | 173828 | 256579 TI9557 ANATG | 33333

ST | 3T | O4AZ | 1948125 | 22SEK2 | S4RIT | 00T | AdalE | 9L6in2 TARU3 16277 | S22 D362 | (R243%d | ZIH20H X 874 32554 | 2w

INTAT | 32T | OOSR | ISET0D | IERSME | AT | 13717 | 04162 B9 1327 TSRS 19738 | SMHKLS | 14007 | ;313381 1.92302 65 TRER 30024 | 26829

6T | 20T | Gnodl 7RI | 427AT | MTAT | 1M | D0162] | ET.EGDD 18272 | Xl 403 1521] | 0382848 | 171083 L1112 36.585 27

T [ AT | EEs | 3TAGKA | 4 | 34507 | 338 AN A2 EAAIS 1R T4 49AK | AU EE | e | 4T214E 155055 0T 35,135 | 27218

05T | WIT | 0%ES | d0ReE? | S3XT0 | 3EBT | 1110 | 00162 | ET.EG00 15272 | IT0AD 408 17106 | 0.52206 1.42554 52721 LI | 37033

ST | OSLALT | GuplosT | 4TSTET | ARIZ4E | 33LAT | 33E0 | 00lell | BY.Ep09 15272 | WAy 498 13304 | B3%led 155107 STa012 21.429 | 45403
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3.1.2 Miscible Systems
Table 3.2 acid -water system

Cold Flwid Hot Fluid (hed waier) Hent Transler coelficient Cnpacity Mo, of | Efleclivemess Eflichency
Rate Tramsler
. . Ratin umirs
Fluiil Temperature Pliss Feynolids | Musselts | Fluid temperature liss Reynolds | Nusseles Cald Hot Orverall cold it
il wumber | sambey Flvw number | number shle shie side: sike
male male
K Kgiser K Kgiser Wmk | WK | Wm'E o ) )
vl m, N kS T[T -, o N b, b U, " wTU ; W "
9% Acetlc sohd - Warter Svstems
6.7 Q00143 122165 | 253736 | 34517 1A 622 H G THITA | 156 | 49500 | 1453 | 0201772 1439K OIS | 61359 | 13477
.17 LEMHE] 16,7936 | 303 | 34517 Q01623 | 854651 TARBE | 18635 | 49180 | 3347 | 0282452 1079 610815 | 562 | XRS5
1T Q00619 | 215054 | 3esaal | 54907 DR35S | 8366410 TASAE | 21882 | 49072 | ld0sd | 0502972 17T 63500 | A366T | 14807
M6.17 Q0TET | Z52N1R | 416453 | 34507 0411635 | RI0ETI TA4RE | 465 | 4R6R | 16205 | 0443838 1.5671 GLOMRE | 4340 | IR46T
.17 O0RDS | 20,2574 | 463521 [ 34317 D01620 | B14TIR 7435 | 27304 ARRA | 17506 | 0.5245599 14158 SB.G0ET | JEIRD | 41026
ETNE QOMIES | 33,7580 | S.07606 | 34507 UANG26 | ALAROL | 74245 | 20Ue | 45758 | (2322 | 0605173 12991 A6.504] | JA2EZ | 43
6,17 001172 | 365612 | 545687 | 34517 001627 | RIS TAI4] | 3IRES | 4864E | 9065 | D6R6I9S LI97 543731 | 15462 | 46154
0% Acetic scid - Water Syslems
6,17 FITD | b4 1183 | 130338 345,17 A0 | UAIR22 #7.24592 7.517 148.17 | 49496 LIG % |0 2HHRs2 24114 TILTTIR | FRbAT | 20492
206,17 3150 [ QU4E2 16,2614 | 310609 | 34517 3360 | 001622 | 663N TSOET | 18333 | 49591 | |32.58 | 0281378 10252 66,9447 | 43538 | 13756
.17 3040 | 00osld | 20eTIYE | desddd | 54507 520 | 0Aledd | B42302 | Taesd | 1533 4917 | 14813 | 03els1 1. Ta5% 63. 7632 | 43974 | 11813
6.7 3240 | 00OTET | 253200 | 40THE | 34507 3300 | AR | HIGTIZ TASS] | 24533 | 40044 | (6162 | 0441747 (B3 G1LIDIE | 4557 | 36077
.17 3200 [ 0GRes | 206529 | delleb | 34517 32001 | 041626 | B14313 TAME | 27072 | 4RR.52 172.8 | 0521922 14XR SR.OS2E | 4340 | 41205
1T 3220 | 000033 | 530044 | Somdsd | 54307 60 | 0627 | B0USSEE | TAI2E | 20847 | 48838 | 18233 | denion [ET] 63076 | A0E46 | 45897
617 3200 | 001171 37,7323 | FARGEE | 34517 3201 | OA6Z6 | R1AIND TAIIR | JILNT | 4ETAHE | (9LLT | 0GRV 1.2016 S4.5TTR | JRTIE | 43769
20% Aceric scid - Water Systens
2.7 FITNT | Don4s 1132 | 2apaTs 34507 | 34017 AL A2 [ENEF T.A4R4 [ECCC DN E 11hi 51 A9 13932 TAITI | 53846 | 12X2)
617 [ ITEAT | QUNHES 15,5328 30233 [ 34517 | 33707 | 001622 | RTI9I9 TSITT | L6%16 | 49703 | 12505 | 0267965 20054 66,5437 | 48718 | 10513
61T [ ITEAT | Q00622 199707 | 36T6XT | 34507 | 35607 | 001622 i ExE TENTA | luhia | 49590 | [d06E | 0544449 I_TE51 635107 | 42 Tix | X477
60T | FIRNT | 000 | 244086 | 41ARS8K | 34507 | 33507 | 04HA23 | Ae0T4 TAIT] | 22643 | 49404 | O155A4 | 042089 15707 BILHMRE | 4TI | 25640
0617 [ ITANT | QOOSOR 2R.581 | 460008 [ 34507 | 33407 | 001623 | 854633 TARGE | 25106 | 49380 | |64.96 | 0497384 14149 SB.5TIF | 46054 | IRT05
Zon T | 32T | 00037 | 51eled | S00des | 54507 | 35407 | 040625 | 834883 | TAERE | 2700 | 49380 | [T4RD | 0575083 13054 Sndwen | 4380 | X &
M6,17 | ITTANT | 0011T5 | F66UE4 | SIITOZ | 34507 | 33307 | 041624 | H4RSS TATES | U866 | SNZHED | [HIAT | 0650461 1.211& 46007 | 41.026 | 30.TEW
25% Aretic acid — Water System
.17 IS 117220 | 2388333 | 34317 | 33707 | 04622 | 8725919 | 7197 | 13328 | 497403 13 | L1863 24034 TGIR | 68231 | 813
617 QHES 160908 | 06645 | 34517 | 336017 | 001622 A 6XT THITA | 16482 | 49599 | 12266 | 0260935 10005 66,8931 | 103 | 23077
17 Qo022 | 206882 | 173819 [ 34507 | 33507 | 001623 | Be0ddl TAUT] | 109 | 4S04 | I3R.06 | 0355413 I_TAEE 63.ER19 | ol B0D | R4
2.7 CLMITH 25059 | 433552 34507 | 33507 | 04633 T4 TAIT) 22062 | 45434 I5LS] | DAy 13318 WL JEGE | G)53R | 2864
6,17 QOOES [ 287472 | 469608 [ 34517 | 334,17 | 001623 | 854633 TARGE | 24384 | 49389 | 16132 | 0484613 1.4302 SB.AS0 | 51546 | IRI0S
TN QOIE? | 55daaa | S0642T | 34507 | 55407 | 001623 | #5d4ex3 TARGE | 26437 | 4910 1717 | 0550100 [ I 5687 | 5640 | EHE
617 001178 | 575024 | S8a0ns | 34507 | 55517 | 001624 | H4AGS TATRS | 202G | 4923 | 1HIIT | 0RSISHG Pz SR | 53848 | 30T

3.2 CO-CURRENT FLOW
3.2.1 Immiscible Systems

Table 3.3 Kerocene -water system
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3.2.2 Miscible Systems

Table 3.4 Acetic ocid -water system
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IV. RESULTS AND DISCUSSION

5.1 COUNTER-CURRENT FLOW PATTERN
5.1.1 Effect Of Ng, (Cold) On Efficiency % (Cold)
5.1.1.1 Kerosene — Water System

Cold side efficiency, %

50

40

30

20

10

Cold side efficiency Vs Reynold Number(cold)

—@— 9% kerosene

—— 10% kerosene
—ae— 20% kerosene
—Jll— 25% Kerosene

10

20 30 40 50

Reynolds Number(cold)

Fig. 5.1 Effect of cold side flow rate and composition on 1. of kerosene-water system
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From the above graph it can be observed that, as Ng. (cold) increases the efficiency (cold) decreases. The graph also
shows that as the composition of kerosene increases the efficiency of cold side increases and then decreases
gradually for same flow rate of cold fluid.

5.1.2 Acetic acid-water System

Cold side efficiency Vs Reynold Number(cold)

80 -
70 - —e— 9% Acetic Acid

60 - ‘\\‘\ —@— 10% Acetic Acid
50 - ‘\ 20% Acetic Acid
40 - — —B- 25% Acetic Acid
30 -

20 -

Cold side efficiency, %

10

10 15 20 25 30 35 40

Reynolds Number(cold)

Fig. 5.2 Effect of cold side flow rate and composition on 1 of acetic acid-water system
It can be observed that, as flow rate of cold fluid increases the efficiency of cold side decreases. The graph also
shows that as the composition of acetic acid increases the efficiency decreases for same flow rate of cold fluid.
Maximum cold side efficiency is seen for 25% acetic acid -water system

5.1.2 Effect of Ng, (Cold) On Hot Side Efficiency (%0)
5.1.2.1 Kerosene — Water System

Hot side efficiency Vs Reynold Number(cold)

50 -
X
2 40 -
% —— 9% kerosene
o —— 10% kerosene
5 30 -
% 20% kerosene
7 —l-25% Kerosene
'.6 20 7 r
T

10 . . T ‘

10 20 30 40 50
Reynolds Number(cold)

Fig. 5.3 Effect of cold side flow rate and composition on 1, of kerosene-water system

From the graph Reynolds number of cold fluid Vs Hot side efficiency it can be observed that, as flow rate of cold
fluid increases the efficiency of hot side gradually increases. When the flow rate on cold side is increased, heat
transfer from hot to cold side is also increased. As the composition of kerosene increases from 9 % to 25 %, the
efficiency of hot side decreases gradually for same flow rate of cold fluid.

5.1.2.2 Acetic Acid — Water System
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Hot side efficiency Vs Reynold Number(cold)

20 -

X

<. 50 - . .
= —&— 9% Acetic Acid
5

S 40+ —m— 10% Acetic Acid
o

= i #— 20% Acetic Acid
£ 30 = .

_8 ~—fll— 25% Acetic Acid
‘»

i

o

T

10 -

10 15 20 25 30 35 40
Reynolds Number(cold)
Fig. 5.4 Effect of cold side flow rate and composition on 1, of acetic acid-water system

From the graph it can be observed that, as flow rate of cold fluid increases the efficiency of hot side gradually
increases. When the flow rate on cold side is increased, heat transfer from hot to cold side is also increased. As the
composition of acetic acid increases, the efficiency of hot side decreases for same flow rate of cold fluid.

5.2 CO-CURRENT FLOW PATTERN

5.2.1 Effect of Ng. (Cold) On Cold Side Efficiency (%0)

5.2.1.1 Kerosene — Water System

Cold side efficiency Vs Reynold Number(cold)

40 - —&— 9% kerosene
35 - —#— 10% kerosene
#—20% kerosene

—jll—-25% Kerosene

30 4

25 -

20 4

15

Cold side efficiency, %

10 T T T ]
10 20 30 40 50

Reynolds Number(cold)

Fig. 5.5 Effect of cold side flow rate and composition on 1 of kerosene-water system
From the above graph it can be observed that, as Ng. (cold) increases the efficiency (cold) decreases. The graph also
shows that as the composition of kerosene increases the efficiency of cold side decreases gradually for same flow
rate of cold fluid.

5.2.1.2 Acetic Acid — Water System
Cold side efficiency Vs Reynold Number(cold)

u
o

40

—@— 9% Acetic Acid

—#— 10% Acetic Acid

30 - A
#—20% Acetic Acid

20 —jll— 25% Acetic Acid

Cold side efficiency, %

10 + T T T T T
10 15 20 25 30 35 40

Reynolds Number(cold)
Fig. 5.6 Effect of cold side flow rate and composition on 1 of acetic acid-water system
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The graph shows that, as Ng. (cold) increases the cold side efficiency decreases. As flow rate of cold side is
increased the cold side efficiency decreases. The graph also shows that as the composition of acetic acid increases
the efficiency of cold side increases gradually, for the same flow rate of cold fluid.

5.2.2 Effect of Ng, (Cold) On Hot Side Efficiency (%0)
5.2.2.1 Kerosene — Water System

Hot side efficiency Vs Reynold Number(cold)

40 -
X
°. 35
? —@— 9% kerosene

30 -
% —l— 10% kerosene
% 25 1 20% kerosene
(]
% 20 - —l- 25% Kerosene
S 15
T

10 ; ; ; .

10 20 30 40 50
Reynolds Number(cold)

Fig. 5.7 Effect of cold side flow rate and composition on 1, of kerosene-water system

From the graph Reynolds number of cold fluid Vs Hot side efficiency it can be observed that, as flow rate of cold
fluid increases the efficiency of hot side gradually increases. When the flow rate on cold side is increased, heat
transfer from hot to cold side is also increased. As the composition of kerosene increases, the efficiency of hot side
decreases at first and later it increases gradually for same flow rate of cold fluid.

5.2.2.2 Acetic Acid — Water System

Hot side efficiency Vs Reynold Number(cold)

35

(=]
S 30 -
>
25 —&— 9% Acetic Acid
(7]
‘© 20 —8— 10% Acetic Acid
©=
g 15 20% Acetic Acid
'TUE, 10 - —fl- 25% Acetic Acid
<}
T 5

0 T T T T T 1

10 15 20 25 30 35 40

Reynolds Number(cold)
Fig. 5.8 Effect of cold side flow rate and composition on n,, of acetic acid-water system

From the graph Reynolds number of cold fluid Vs Hot side efficiency it can be observed that, as flow rate of cold
fluid increases the efficiency of hot side gradually increases. When the flow rate on cold side is increased, heat
transfer from hot to cold side is also increased. As the composition of acetic acid increases, the efficiency of hot side
increases for same flow rate of cold fluid.
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V. CONCLUSION

Experiments were conducted on a Plate type heat exchanger with different flow rates and compositions of
cold side fluid in both co-current and counter-current flow pattern. The effect of these parameters on heat transfer
coefficient, efficiency and effectiveness were studied and comparison was made between co-current and counter-
current flow operation.

It was found that as the flow rate of cold fluid increases, Reynolds number increases thereby increasing the
cold side heat transfer coefficient. Consequently the overall heat transfer coefficient also increases with increase in
flow rate of cold fluid for both counter-current and co-current flow pattern. The graphs also show that as the
composition of cold fluid increases the Ny, number decreases gradually for immiscible system, and increases for
miscible systems. Therefore the cold side heat transfer coefficient and overall heat transfer coefficient decreases for
immiscible systems and increases for miscible systems.

For both counter-current and co-current flow pattern as Ng. (cold) increased the Ny, (hot) decreased
thereby, decreasing the heat transfer coefficient of the hot side. As the flow rate on cold side increased the heat
transfer coefficient on hot side (h,) decreased thereby decreasing the overall heat transfer coefficient but as the
composition of cold fluid increases the heat transfer coefficient of hot side increases for the same flow rate of cold
fluid

It was observed that the cold side efficiency and hot side efficiency for counter flow pattern is greater than
the co-current flow pattern

From the results and discussion it can be concluded that, as flow rate of cold fluid increased the
effectiveness gradually decreased. As the composition of cold fluid increased from 9% to 25%, the effectiveness of
exchanger increased for immiscible systems and decreased for miscible systems for same flow rate of cold fluid for
both counter current and co-current flow pattern.

Based on the overall results and discussion it was found that the overall heat transfer coefficient, hot side
efficiency ,cold side efficiency and effectiveness was greater for counter current flow pattern when compared to co-
current flow pattern.

Therefore it can be concluded that the counter-current flow pattern was efficient and feasible compared to
co-current flow pattern irrespective of the type of cold fluid used.

APPENDIX |

MODEL CALCULATION
Counter-Current Flow Pattern

(t,+t,) (304.17+323.17 )

Average temperature of cold fluid = > = > =313.67 K
(T,+T,) (347.17+33217 )
Average temperature of hot fluid = > = > = 339.67K
T, —-t,)—(T, -t
Logarithmic mean temperature difference = (T, ~t,)-(T, -t,))
In T2 B tz)
(Tl o tl )

((347.17 -304.17 )-(332.17 -323.17))
. (347.17-304.17)
(332.17 —323.17)

=21.739

Mass flow rate of cold fluid m = Volumetric flow rate of cold fluid x Density
=(12.5x 10"-3 x 966.7414) / (60 x 60) Kg/sec
=0.0033567 Kg/sec

Mass flow rate of hot fluid mj, = Volumetric flow rate of hot fluid x Density
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Mass velocity of cold fluid
=0.74593 Kg/m?sec

Mass velocity of hot fluid

Dimensionless numbers for cold fluid,

D.V
Reynolds number Ng, = (e_p)

y7,

(c,u)

Prandtl number Np, =

Nusselt number Ny, = (O.28)(N Re )0'65(N br )0'4

Dimensionless number for hot fluid,

DV
Reynolds number Ng, = M

N

N—

(¢, u

Prandtl number Np, =

Nusselt number Ny, = (0.28)(N Re )0'65(N br )0'4

Cold side heat transfer coefficient h,

Hot side heat transfer coefficient hy,

Overall heat transfer coefficient U, =

c

x 1
h k

= (1 x 10"-3 x973.9417) / (60) Kg/sec
=0.016123 Kg/sec

= Mass flow rate / Flow area

=0.0033567 /0.0045

= Mass flow rate / Flow area

=0.016123/ 0.0045
= 3.582888 Kg/m2sec

(0.01x0.74593)

0.000599
=12.455

(3995.857x0.000599)
0.588332

=4.067

= (0.28)12.455)**°(4.067)™
=2.52871.

_ (0.01x0.016123)

0.000422
= 85.46826
_ (4194.033x0.000422)

0.659672
=2.683293

= (0.28)85.46826)"°°(2.6832)**
=7.486838

= (Nnu X K) / (De)
= (2.528571 x 0.588332) / (0.01)
=148.764 W/m*K

= (Nnux K) /(D)

= (7.486838 x 0.659672) / (0.01)
= 493.8858 W/m?K

h
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1
1 0.02 1
+ +
148.764 273 493.8858
=113.3777 W/m*K

Capacity rate ratio = Cmin / Cmax
Cin =M, XC,. = 0.0033567 x 3995.857 =13.4129

Cmax = mhxcph = 0.016123 x 4194.033 = 67.6203
Capacity rate ratio = 13.4129 / 67.6203
=0.1984
U _xA
Number of transfer units NTU = w
min

= (113.3777 x 0.2925) / (13.4129)
=2.47244

(moxc, XAT)  (13.4129x19)
M XC, XAT, ) (13.4129x43)

Cold side efficiency 77, = ( =0.44186 = 44.186%

(m,xc,, XAT)  (67.6203x15)

(m,xc,XAT,..) ~ (67.6203x43) _ 0.3488 = 34.88

Hot side efficiency 77, =

Effectiveness % = LU) x100
(1+NTU)

_ (2.47244)

= —~————>_x100 =71.202 %
(1+2.47244)

APPENDIX II

MODEL CALCULATION
Co-Current Flow Pattern

(t, +t,) (304.17 +318.17)

Average temperature of cold fluid = > =311.17K
(T,+T,) (347.17+338.17 )
Average temperature of hot fluid = > = > =342.67 K

((Tz -1, )_ (Tl -1 ))

(Tz _tz
(Tl - tl)

Logarithmic mean temperature difference =

—1

In
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((347.17 —318.17)—(338.17 — 304.17))
(347.17 -318.17)

(338.17 - 304.17)

=31.433

Mass flow rate of cold fluid m, = Volumetric flow rate of cold fluid x Density

(12.5 x 10"-3 x 967.8842) / (60 x 60) Kg/sec
0.003361 Kg/sec

Mass flow rate of hot fluid mj, = Volumetric flow rate of hot fluid x Density

Mass velocity of cold fluid

Mass velocity of hot fluid

=(1x 1073 x972.4119) / (60) Kg/sec
=0.016207 Kg/sec

= Mass flow rate / Flow area
=0.003361 / 0.0045 Kg/mzsec
=0.74689 Kg/m?sec

= Mass flow rate / Flow area
=0.016207 / 0.0045 Kg/m?sec
=3.60156 Kg/m?sec

Dimensionless numbers for cold fluid,

Reynolds number Ng,

Prandtl number Np,

_(DVp) _ (0.01x0.003361)

U 0.000628
=11.8895

() _ (3993.66x0.000628)

k 0.585352
= 4.28556

Nusselt number Ny, = (0.28)(Ng, )**(N,, )™ = (0.28)(11.8895)**°(4.2856)"

= 2.50506

Dimensionless number for hot fluid,

Reynolds number Ng,

Prandtl number Np,

_ (0.010x016207)

7 0.000407
=88.51743

(c,u) (4195.917x0.000407)

k 0.662113
= 2.5784

Nusselt number Ny, = (0.28)Ng, )**°(N,, )** = (0.28)(88.51743)"%°(2.5784)>

=7.5382

Cold side heat transfer coefficient h, = (Nnu X k) / (D)

= (2.505061 x 0.58535) / (0.01)
= 146.6344W/m’K
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Hot side heat transfer coefficient hy, = (Nnu X K) 7 (De)

Overall heat transfer coefficient U , =

= (7.5382 x 0.662113) / (0.01)
=499.114 W/mK

1 N 10n-2 N 1
146.6344 273 499.114
=112.4038 W/m’K

Capacity rate ratio = Cpin / Crax

Cpin =M, XC, = 0.0033361 x 3993.663 = 13.42154
Crmx =M, XC,;, =0.016207 x 4195.917 = 68.0027

Capacity rate ratio = 13.42154/ 68.0027
=0.1974
U_xA
Number of transfer units NTU = ( 2 )
min
=(112.4038 x 0.2925) / (13.4215)
= 2.449654

Cold side efficiency n, = (

Hot side efficiency

Effectiveness %

[

[

(m.xc, xAT)  (13.42154x14)

= =0.3255814 = 32.558 %
M XC, XAT,, ) (13.42154x43)

(m,xc,, xAT)  (68.0027x9)

= = =0.2093 =20.93 %
T = (moxc, AT, ) (68.0027x43) ’

_ (NTU)

1+ NTU)
_ (2.4497)
~ (1+2.44967)

x 100

x 100 =71.011 %
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