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Abstract - In double pipe heat exchanger, there is 1.2 Types of Fluid Flow

continuously requirement on improving the performance and
effectiveness. In order to achieve this, many parameter is to be l
changed like flow of fluid, tube diameter, number of tubes, ‘ | Purallel Flyw |
. —
baﬁh'a arran.gement,' dlﬂfer?nt types of baffles shapes an_d baffle
spacing. This experiment is performed on the double pipe heat I — r
exchanger for parallel flow and counter flow using baffles and /.x"' | ‘
analysing and comparing it with double pipe heat exchanger HRd TiEnargar Tuksa l
with and without baffles .
Key Words: Heat Exchanger, Double Pipe, Parallel ‘ T | :’:“"“"'" |
Flow, Baffles, Triangular Baffles .
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1.INTRODUCTION - p....f.'.'../.: = |

FIG.1.2.1 T

Heat exchanger may be defined as it is an devices
which transfers the energy from hot fluid to a cold In double pipe heat exchanger there are two types of
fluid which have maximum rate and less investment flow parallel flow and counter flow .In parallel flow hot
and running cost. The rate of heat transfer is depends fluid and cold fluid in the double pipe heat exchanger
on thermal conductivity of dividing wall & convective  flow in a same direction and in a counter flow hot fluid
heat transfer coefficient between the fluids and wall.  4pq cold fluid flow in apposite direction.

Heat transfer rate also changes according to the

boundary conditions like insulated wall condition or 2. Experimental setup

adiabatic condition.

1.1 Double pipe heat exchanger

A double pipe heat exchanger (also sometimes referred
to as a 'pipe-in-pipe' exchanger) is a type of heat
exchanger comprising a 'tube in tube' structure. As the
name suggests, it consists of two pipes, one within the
other. One fluid flows through the inner pipe
(analogous to the tube-side in a shell and tube type
exchanger) whilst the other flows through the outer
pipe, which surrounds the inner pipe (analogous to the
shell-side in a shell and tube exchanger).
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e Copper Pipe (Inner

Pipe) Specification :-
Length - 800mm
Thickness- 2mm

Inner diameter - 25mm
Outer diameter - 27mm

o Copper Pipe With Baffles

Specification :-

Baffles dimension - 48 x 48 x 48 mm
Baffles thickness - 5mm
Number of baffles is - 5

e Mild Steel Pipe(Outer
Pipe) Specification :-

Length - 1000mm
Thickness - 5mm
Inner diameter - 50mm
Outer diameter - 55m

e Digital Temperature Indicator

Specification :-

Supply - 4-20 mA /0-1V/0- 10V
Accuracy - |, K Thermocouple +/-1
LED display colour : Red Range :
0to 400 °C

e Thermocouple
Specification :-

Thermocouple - Type ] (iron -
constantan)
Range - -40 °C to +750 °C

3. READING AND CALCULATION

3.1. Nomenclature
Qf - Heat transferred between fluids,

Cph - Heat capacity of hot fluid , K] / Kg K

Cpc - Heat capacity of cold fluid , K] / Kg K

mn - mass flow rate of hot fluid , Kg/min

m. - mass flow rate of cold fluid , Kg/min

U - Overall heat transfer cofficient, w/mz k
1. The heat transfer rate for hot

side Qh = mn x Cph (Th1 — Thz)

Where,

Thi1 - inlet temperature of Hot fluid , °C

Thz - outlet temperature of Hot fluid , °C

2. The heat transfer rate for cold side

Qc = Mc X Cpc(TcZ-TcZ)
Where,
Te1 = inlet temperature of cold fluid, °C

T2 = outlet temperature of cold fluid , °C

3. The Overall heat transfer rate

1

E ) O mE) ()

Where,
r1 = inner radius of copper pipe, mm
r2 = otuer radius of copper pipe, mm
hi = heat transfer coefficient inner , w/m:
ho = heat transfer coefficient outer , w/m:
K = Thermal counductivity, w/m k

4. Area of the Heat Exchanger

Aera of cylinder(copper) = 2nir(h+r) , m2
Aera of cylinder (mild steel) = 2nir(h+r) , m2

Aera of Heat Exchanger (A) = Aera of cylinder (MS)
- Aera of cylinder (copper)
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5. LMTD equation for parallel and counter flow 3. Number of transfer unit (NTU)

NTU = L
B Cmin
AT = Al A2
0 4. Effectiveness for the Parallel and Counter flow
In (,/’\u )
Where, o 1-exp[-NTU(1+R)]
parallel flow —
At1 = th: - tcz (1+R)
Atz =thz - tar
th1 = inlet temperature of hot fluid , °C ¢ 1 -exp[ - NTU (1 - R)]
counter flow —
thz = outlet temperature of hot fluid, °C 1 - Rexp[ -NTU (1 - R)]

tc1 = inlet temperature of cold fluid , °C

) e READING WITHOUT BAFFLES
tcz = outlet temperature of cold fluid , °C

PARALLEL FLOW :-
. - VassFlow  Mass flow verall Heat Effectiveness
6. The overall heat transfer coefficient can be Sr fateofcold [rateof Hof [Thi [Th2|Tet Te2 mnslerb) by NTU
i ; . No. fluid fuid 0| ro)|ro) o) LMTD method
calculated by using following formula : Eniicd | Gaed) pss
3 0.5 0.0111 | 70 | 65 | 27 |30 | 4850 0.235
Q=UxAxATm 7. 0.5 0.030 | 70 |66 | 27 |32 | 8851 0.093
3. 0.5 0.125 | 70 |68 | 27 |33 | 45.10 0.023
. 4| oz 0.125 | 70 |65 | 27 |30 | 48.50 0.022
3.2 Effectiveness By NTU (Number Of Transfer
. 5. 0.42 0.125 | 70 |66 | 27 |33 | 6L10 0.022
Unit) 6. 0.5 0.125 | 70 |68 | 27 |35 | sa62 0.024
1.The Thermal capacity rates of HOT and COLD COUNTER FLOW :-
Ch = mn x Cpn
Mass Flow  Mass flow Overall Heat [EfTectiveness
Ce = me X Cpc Sr jateofcold mateof Hot Thi Th2 Tel Te2 transferby by NTU
No. fluid Fm (°C) °C) (°C) (°C) LMTD method
(Kghsee) | (Kgseo) | 1 1 | 1(W) RS
Where, 1. 0.5 0.0111 | 70 | 65 | 27 | 30| 4850 0.235
2. 0.5 0.03 70 | 66 | 27 | 32| 5551 0.093
Cph , Cpc SpECiiC heat of fluid , K]/Kg K 3. 0.5 0.125 70 (68 | 27 | 33 45.10 0.023
4. | oaa2 0125 | 70 65 27 |30 | 48.50 0.012
. . 5. 0.4 0,125 | 70 66 | 27 |33 | 6110 0.022
2. Heat Capacity Ratio (R)
6. 0.8 0125 | 70 |68 | 27 | 38 | 362 0.024
Cmin
R=——
Cmax

Where,
Cmin = Cnh and Cc which are less value Cmax =

Cn and Cc which are higher value
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PARALLEL FLOW :-
Sr MassFlow Massflow [Thil [Th2 [Tel [Te2 Overall Heat Effectiveness PARALLEL FLOW.-
No. [rateof cold [rate of Hot | (°C)|{(“C) |(CC)Y°C) ftransferby by NTU
Muid Muid LAMTD method
(Kg/sec) (Kg'sec) (W)
1. [E] o0l 70 51 0 | 45 m 0235 0 -
3 (5 [0 T0 | 59 |20 | 39 151,30 9,093 g 04 ‘ R
3. 05 012 70 | 62 | 20 | 31 11665 0,022 f 03 i baffies
-E- 02 S * —»— Effectiveness without
a (RS ons 0 | S0 | 20 | 42 15951 0023 &2 N baflles
5 [ 013 BEERERED 167,13 0.023 2 0 13 : R
6. 0526 1S T0 |61 |20 |32 13557 0.023 05, o5, 03, 0142, 042, 05,
- 0611 003 0125 0128 0125 0128
Mass flow rate of Cold . Hot (kg 'sec)
COUNTER FLOW :- COUNTER FLOW :-
Sr MMassFlow Massflow [Tht  [Th2 [Tel Te2 [Overall Heat [EfTectivenes
No. rateofcold frate of Hot| ("C) |(°C) ((“C)("C) transferby by NTU 0.5
Muid Nuid LMTD method g 04 . :
(Kg‘sﬂ‘) (Kg,’“) (W) E o - h;m.':‘"‘“-“ ot
L 0.5 0.011 e 51 W 6510 0.2 = .
- o i 1 ) = i - T 02+ —~— + *  Effectivemess with
2 05 0.03 R ETRED) 181,30 0,093 g o NS bafRles
¥ S ¥R IS T T J Y 0 } =
L naa 0125 T | S0 |20 42| 15991 .01 o g I
& > o"' \Q ."v &
s 04 0125 To = ]38 19192 0,023 >
3 03 0135 5 CERB RED 130.9% 0033 Mass flow rate of Cold , Hot (Kg sec)
4. CONCLUSIONS
PARALLEL FLOW:-
By performing this experiment we concluded that the
;“: T = = heat transfer rate Q is minimum without baffles and
PR maximum with triangular baffles .the hot fluid is vary
S 1% - ol | [ o~ LMTD vithout baffles as low, medium, high and the cold fluid is constant.
= 100 = = LMTD with baffles then the cold fluid is vary as low, medium, high, and
50 Tt e the hot fluid is constant this type of setting is used to
o get the proper reading because of this we know that
& o & & : :
S\\ §_v°’ o \;" RO in the triangular baffles the LMTD and the
e vih & ¥ EFFECTIVENESS is maximum as compare to without
Mass flow rate of Cold,Hot triangular baffles. By analysis this experiment we
(kgisec) know the maximum heat transfer rate are in
triangular baffles as compare to without baffles.
COUNTER FLOW :-
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