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Abstract

Heat exchanger is a device that allows heat from a fluid to pass to a second fluid with out the
two fluids having to mix together or come into direct contact. Thus, devices like Shell and
Tube Heat Exchanger and concentric tube heat exchanger are used to conduct this
experiment which consists of two flow patterns co-current and counter current flow.

The objectives of this experiment are to investigate the heat transfer capabilities of a shell and
tube heat exchanger and concentric tube heat exchanger , to obtain the effect of flow rate on
the overall heat transfer coefficient to get the differences and similarities between co- and
counter-current operations clear and to obtain the performance of a heat exchanger, the best

convergence of Qc and Qh (the ratio of Qc/Qh is nearest to 1.0). /
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Results.

For shell and tube heat exchanger

Table (1): Specifications for shell and tube heat exchanger

heat transmission area (m~2) 0.0182
heat transmission length (m) 1.008
cold water flow rate (I/min) 1.664
cold water flow rate (m~3/s) |2.773*107-5

» Co-current flow

Table (2): raw data for co current flow in shell and tube heat exchanger

n/

hot water flow rate | hot water flow rate | Thotin | Thot | Tcold | Tcold AT AT AT
(I/min) (mA3/s) () out | in(C) | out(C) | max | hot | cold
(€)

3 0.00005 59.6 55.8 26.5 32 331 3.8 5.5

4 6.66667E-05 60 56.9 27.1 33 329 3.1 5.9

A 4.7 7.83333E-05 59.9 57 27.1 33.5 32.8 2.9 6.4

o (5 8.33333E-05 598 | 571 | 272 | 338 | 326 | 27 | 66

0.0001 59.8 57.4 27.2 343 32.§/ 2.4/ 7.1

VAR
Table (3.a): parameters for co current flow in shell and tube heat exchanger

cold stream density | Cpcold | Cold mass flow hot density Cp hot Hot mass
Avg temp (K) cold (J/Kg.K) rate stream hot (J/Kg.K) | Flow rate

(Kg/m?) (Kg/s) Avg tf)emp (Kg/m?) (Kg/s)

(K

302.25 995.62 4180 0.0276 330.7 984.44 4190 0:0492
303.05 995.7 | 4180 0.0276 331.45 984.06 4190 0.0656”

303.3 995.62 | 4180 0.0276 331.45 984.06 4190 /o.o7’7ﬁ

303.5 995.56 4180 0.0276 331.45 984.06 4190 0.0820

303.75 995.49 | 4180 0.0276 331.6 983.98 4196 0.0984
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Table (3.b) parameters for co current flow in shell and tube heat exchanger

Q Q Qloss | u n n n hot n
absorbed | emitted | (W) AT, AT, | ATume | (W/m2K) | overall | cold | (%) exchanger
(W) (W) - (%) | (%) (%)
634.72 783.71 | 14899 | 33.1 | 23.8 28.2 1527.0 81.0 16.6 | 11.5 14.0
680.94 | 852.13 | 171.19 | 32.9 | 239 | 28.16 | 16627 | 79.9 | 179 | 94 13.7
738.58 | 936.66 | 198.07 | 32.8 | 23.5 | 27.89 | 18453 | 789 | 195 | 88 14.2
761.6,2 927.72 | 166.10 | 32.6 | 23.3 | 27.69 1840.9 82.1 20.2 8.3 143
819,26 989.49 | 170,23 | 32.6 | 23.1 |27.577 | 19715, } 82.8 | 21.% 7.4/ 14.6
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Figure (1):temperature profile in co-current shell and tube
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Figure (2):efficiency vs hot water flow in co-current shell and tube




» Counter current flow

Table (4) raw data for counter current flow in shell and tube heat exchanger

|
water hot water Thotin | Thotout | Tcoldin | Tcold AT max | AT hot | AT cold
flow flow rate (€ (€) (C) out
rate (m3/s) (€
(I/mm)
\ 0.00005 60.1 63 | 272| 332| 329 38 6
\ 6.66667E-05 60.2 57.1 273 34 39| 34 6.7
\ 8.33333E-05 59.9 57.2 273 345| 326| 27 7.2
O RS T |
0.0001 60 57.7 27.4 35 32.6 2.3 7.
¢ | i
o .
Table (5.a): parameters for counter current flow in shell and tube heat exchanger
cold stream | density Cp cold Cold mass | hotstream | density | Cp hot | Hotmass
Avg temp cold (J/Kg.K) flow rate Avg temp hot (/Kg.K) | flowrate
(K) (Kg/m?) (kg/s) (K) (kg/m’) (Kg/s)
r 303.2 \ 995.65 4180 0.0276 331.2 984.19 4190 0.0492
| 30365 | 995.52 4180 0.0276 33165 | 983.96 | 4190 | 0.0656
| 3039 | 99544 4180 0.0276 331.55 | 983.01 | 4190 | 00819
| 3082 | 99535 4180 0.0276 33185 | 983.86 | 419p 9/ 0.0984

Table (5.b): parameters for counter current flow in shell and tube heat exchanger

Q Q Q U n ncold | nhot n
absorbed | emitted | loss ATy AT, | AT ime (W/m2K) | overall (%) (%) | exchanger
(W) w) | (W) (%) (%)
692.44 | 783.51 |91.07 | 32.9 | 231 2827| 15266 | 8838 | 18.24 | 11.55 | 14.89
77313 | 852.04 | 78.92 | 329 | 23.1 28.16)| 1662.5 | 90.74 | 20.36 | 9.42 14.89
830.76 | 926.73 | 95.98 | 32.6 | 227 27.89 ) 18257 | 89.64 | 22.09 | 8.28 15.18
876.83 | 948. 15 71.32 | 32.6 | 227 27.69( 1881.4 |\92.48 | 233Y] 7.06/ 1518 |~
J v V Ji \Q d/“/ v b c/
cheels P o= "‘\'
2344
2% 46
92754
9.% 5
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Figure (4) ):efficiency vs hot water flow in counter current shell and tube
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Results.

For concentric tube heat exchanger

Table (6): Specifications for concentric tube heat exchanger

Tube outer | Shell outer | Insulation Heat Heat Cold Cold water
diameter | diameter thikness transfer transfer water flow rate
length area,, | flowrate: | .00
15*¥0.7 | 22*0.9 mm | 20 mm wall 1.5m 0.067 m2 1300 2.166366E-5
wall wall cm®/min m°/s e
» Co-current flow
Table (7): Raw data for co current flow in concentric tube heat exchanger
Hot water flow Hot water flow Thot | Thot Tcold | Tcold, | Tmax | Thot | T cold
rate (cm3/min) rate (m3/s) ,in jout ,in out
1000 ’ 1.67E-05 58 48 27 34 31 10 7
1500 2.50E-05 60 50 27 37 33 10 10
2000 3.33E-05 60 51 27 40 33 9 13
2500 4.17E-0§ 60 52.5 27 41 33 7.5 14
Table (8.a): parameters for co current flow in concentric tube heat exchanger
koo | densityicold | @picold y|, CO0masS densityhot | Cph
cold stream ensity co 0] ot hot Sea ensity ho p hot Hot mass
Avg t Avgt
o | Eem) | OKeK) | Kew) | ™ | Kgm) | (KgK) | Flow rate
_(Kgfs)
3035 995.56 4180 0.0216 326 986.73 4180 I 0.0164
305 995.1 4180 0.0216 328 985.77 418" 0.0246
306.5 994.62 4180 0.0216 328.5 985.53 450 | 0.0329
307 994.45 4180 0.0215 329.25 985.16 {4/(190 0.0410
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Table (8.b): parameters for co current flow in concentric tube heat exchanger
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Figure (5) ):efficiency vs hot water flow in co-current concentric tube
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Figure (6): temperature profile in co-current concentric tube

Q :

absorbed AL U ovgrall n
Q loss ncold | nhot

(W) (W) (W) | BTy | AT, | AT | (W/m2K) | (%) (%) (%) | exchanger
(cold fluid) | (hot fluid) °, (%)
3115 | 687.42 | 56.27 | 31 | 14 | 2139 | 479.76 |91.81% 22.58% | 32.26% | 27.42%
901.23 1030.13 | 12890 | 33 | 13 | 2147 | 716.14 87.49% | 30.30% 30.30% | 30.30%
17103 | 123881 | 67.78 | 33 | 11 | 2003 | 92332 | 94.53% | 39.3%% (27.27% | 33.33%
126090 | 1289.5% | 29.05 | 33 | 115 | 2040 | 94398 | 97.75% 42420 | 22.73% | 32.58%

\/ J / . Y v v

10




z2.auv

» Counter current flow
Table (9): Raw data for counter current flow in concentric tube heat exchanger
/’/_T ———”W—*"_“
Hot water flow Hot water flow | Thot T hot Tcold | Tcold out
cate (cm3/min) rate (m3/s) Jin , out in Tmax | Thot | Tcold
1000 1.67E-05 60 47 27 36 33 13 3
1500 2.50E-05 60 49 27 38 33 11 11
2000 3.33E-05 60 50 27 39 33 10 12
____—-—,-———————"—‘
2500 | 417605 60 51 27 40 _’3'37 9 /| 13
% \/ V.
Table (10.a): parameters for counter current flow in concentric tube heat exchanger
cold stream | density cold | Cpcold Caldmess density Cp hot Hot mass
flow rate hot stream hot
Avg temp (K) (Kg/m?) (J/Kg.K) (Kg/s) Avg temp (K) (kg/m?) | (/KgK) Flow rate
(Kg/s)
304.5 995.26 4180 0.0216 326.5 986.49 4180 0.0164
305.5 994.94 4180 0.0216 327.5 986/.,0’1 4180 0.0247
306 994.78 4180 0.0216 328 28/5.77 4180 0.0329
306.5 994.45 4180 0.0215 3285 A 985.53 4190 0.0411
Table (10.b): parameters for counter current flow in concentric tube heat exchanger
. n
Qabsorbed | Qemitted Y avetall n
Qloss ncold | nhot
(W) (W) W) | a1y | ATz | ATim (W/m2K) | (%) (%) (%) | exchanger
(cold fluid) (hot fluid) (%)
811.24 893.43 82.19 33 11 20.03"; 665.90 | 90.80% | 27.27% 39.39% | 33.33%
991.19 1133.42 142.23 33 11 20.03} 844.77 | 87.45% | 33.33% 33.33% | 33.33%
1081.13 | 1373.51 292.38 33 11 20.03 { 1023.71 | 78.71% 36.36% | 30.30% | 33.33%
117083, | 154851/ [377.68 | 33 | 11 2003 |) 115415 | 75.61%)| 39.39%/| 27.27%| 33.33%
\ \ CWweold- 2 \/ o6 % A
2\ N
9.
2,44
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Figure (7) ).efficiency vs hot water flow in counter current concentric tube
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Discussion
Shell and tube exchanger

As we can see in figure 2 * that the greater the flow, the greater the efficiency; especially the
flow of hot wat'er. Why? Because we are improving the heat exchange by increasing the
flow, the ﬂ.ow increases the turbulent, and this enhances the heat exchange, SO the higher the
flow, the higher the efficiency .

We conclude that in the counter - current the efficiency is better because the heat exchange is
better

Concentric tube exchanger

Increasing hot water temperature increases the overall heat transfer coefficient and that leads
to increase the rate of heat transfer

The higher the flow rate of the fluids flowing in the heat exchanger, the higher the rate of
heat transfer, thus the better the performance of the heat exchanger.

In counter current the temperature difference between the hot and cold water is higher, that
means the rate of heat transfer is higher and the efficiency is better.

13
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Heat exchangers are devices that transfer energy, in the form of heat, from one working fluid
to the next, whether that be solids, liquids, or gases. These devices are essential for
refrigeration, power generation, HVAC, and more, and come in many shapes and sizes that
can both introduce heat or remove it

ugh a cold fluid without

the fundamental point of heat exchangers is to pass a hot fluid thro
m shows two inlets and

mixing them, so that only their heat is transferred. The above diagra
two outlets, where each fluid starts at their respective inlet and exits the device at their

outlets.

In shell and tube exchanger the tube-side flow passes through the tube bundle (secured by

metal plates known as tube sheets or tubeplates) and exits the tube outlet. Similarly, the shell-
side flow starts at the shell inlet, passes over theses tubes, and exits at the shell outlet. The

headers on either side of the tube bundle create reservoirs for the tube-side flow and can be
split into sections according to specific heat exchanger types.

nger there will be an inner tube through which the hot water will pass

In concentric tube excha
and an outer tube surrounding it through which the cold water will pass through .

Increasing the volumetric flow rate will increase the power emitted and absorbed for both

counter current flow and co-current flow that will surely affect in decrease of the power lost

for each of the volumetric flow rate.
ent flow is greater than co-current flow making the flow is a

The efficiency for a counter curr
r system. Besides, heat transfer coefficient is also change

better option for a heat exchange
when the volumetric flow rate is increased.

Overall counter current flow has a better heat exchanger performance factor when it comes to
compare with co-current flow

14
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Appendix DS L PP
sample of calculation e \l: H\[‘; <'- \""(’\bl\(}(\ el 2
co-current : & UA,\ 7
flow first row: {/3 \“

cold wate
r mass flow rate =p*Q/s =995.62 kg/mA3*2.77%107-5m"3/s =0.0275kg /s

=mc *

Qabs =mc *cpc* (Tout-Tin) =0.0275%4180%(32-26.5)=632.2 W

hot water mass flow rate =p*Q/s =984.44%2.77%10/-5 =0.0492 kg/s
Qemit =mh *cph *(Tout-Tin)=783.4

Qloss=Qemit-Qabs =783.4-632.2=151.2W

overall heat transfer efficancy = Qabs/Qemit=632.2 /783.4=81%

ATcold=Tcold out-Teold in =32-26.5=5.5

AThot =Thot in -Thot out =59.6-55.8=3.8

ATmax =Thot in -Tcold in =59.6-26.5=33.1

Jucold =ATcold/ATmax=(5.5/33.1)*100=16.6%

Juhot=AThot/ATmax =(3.8/33.1)¥100=11.5

Juexchanger =(AThot-ATcold)/2 =14%

------------

-Tcold in =59.6-26.5=33.1

AT1=Thotin

at2=Thot out —Tcold out

55.8—32=23.8

ATlm:ATl—AtZ/Ln(ATl/ At2) =28.2

Area =dmL=5.77"‘10"-3*1.008=0.0182 mAh2

eat transfer coefficient (U)=Qemit/A“‘AT1m 283.4/(0.0182*28.2)

overall h
(WeE i =
¢ V"“Q ) ( cewn
ST e vl anCe e TG
\ a0 \,Ni‘"' 1% N C\S\} " al i \{\ €. CL'I -
Y»y_'-._) A e . ( (:\.\ L W } 'k_’\,\ \p 2
ok
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Version no. 1 March, 2022

Shell and Tube Heat Exchanger Data Sheet

Cold water flow rate: -2z Y hotout ‘ T coldovl
Co-current flow: Nz Vet v/
Hot water flow rate Thot in ‘Tho_t,out‘ ’ ' ‘T;'v(,-ld,,,f_,,, Tcoia,out
(Liter/min) (C) e GC) (€%
3 [=: 3% 553 wb 5 | 32-0
q £q9.9 56 -9 - 250
A £9°% £} ) 24 . | >2 &
6 543 s+-Y 2 tog. | BA-3
Counter—currept flow:
Hot water flow rate |  Thouin e = T Teold,out
. (@itermin) ST €(C) (C) - (e . G®
- bo-| 63 24.2 33"
W Frons 2 C7 24:-92 34 0
I < 4 9 SHi. 2 27t 3 2U L
é Lo 6 Pl < | 2 F - 25 o
| j

4

Instructor signature:

Date:

Page 24 of 74




‘/

Version no. 1 March, 2022

Concentric Tube Heat Exchanger Data Sheet

Heat transfer area:

Heat transfer length:

Cold water flow rate:—__L3_o_QLm3/ m?n

Co-current flow:

Hot water flow rate R T Teold;in" Teold,out
(cm’/min) oy e Q)" o Co) (C)
loo0 58 43 2% 34 .
\s oo 60 So 23 37
2000 60 5\ 2% 4ye
2500 60 53.5 23 4l
Counter-current flow:
Hot water ﬂowrate s ,Tﬁot;:in:‘? seele b_ Thotout . : "Tcolq;jr; o |4 ”'Tco‘]d,out
"(dmé/ﬁlin),> :’t"':‘_‘i SRR : (°C,)"ﬁ',' e 1k C)
\co©o 6c 4% 23 36

\Sco 60 H9 17 38
[ Zoco | G0 50 _,,,AL___E.C'/
e 5 | 77 Yo

2 500
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