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H101A Concentric Tube Heat Exchanger
(Co-Current Flow)
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USEFUL DATA
CONCENTRIC TUBE HEAT EXCHANGER HI101A

lnner Tube

Material Stainless steel
Outside Dhameter 0.012m
Wall Thickness 0.001m

Outer Tube

Material Clear Acrylic
Inside Diameter 0.022m
Wall Thickness 0.003m

Active Heat Transfer Section
Length 2% 0.3180m
Area 0.02198 m*



[Tapadetypato OeprokpaGIOKNG KATOVOUNG O OHOPPOT] — AVTLPPOT)

Thermocouple Stations

Co-current and Counter current flow

Themmocouples sense the stream temperatures at the four fixed stations: -
T1—Hot Water INLET to Heat Exchanger

T2 — Hot Water RETURN from Heat Exchanger

T3 — Cooling Water INLET 1o Heat Exchanger

T4 — Cooling Water RETURN from Heat Exchanger

In addition, two plug-in stations: -

T5 — Hot Mid-positon (for Concentric Tube)

T6— Cold Mid-position { for Concentric Tube)

All thermocouples are duplex sensors, the spare sensor 1s utilised when HC101A Data Acquisition
upgrade 15 fitted.

e TS
T - N 'I'2
. _ — T4
g
s — I'e
q Cold
T3
L
q Haot B
Tl —» = = T2
Co-current flow
" 14
m |
| S — - 'I-s
T4 L —— __._______
- o - T2
—
1N — I3
r4 i
Hot - -
At i —
T1 _ |
Counter current flow I
3 qCold

Kobohg o1 Beppoxpaciokég dapopés petald tov {eotoh Kot Wyuypod pedUOTOC
petafdiovrol Katd PNKog Tov eVOALAKTN Bepuotntag, eivar avaykoio va oprodet
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OBSERVATIONS
Flow Direction: Counter-Current
N*:;“F‘ Il I's 2 I3 6 4 Veoid Vi
e C C C C C (ifsec Gisec
1 59.2 6.6 53.0 15.4 25.1 309 17 50
2
3
4
5




Caleulated Idata

Sample | ALy, Al i

No. Oe Oa Trhermal
- K K W W Yo
t.2 15,5 1277 1099 a6.1
CALCULATIONS

For the example the calculations are as follows.

1t is necessary to correct mass flow rates using the conversion factors in tables 1 and 2 on pages A7
and AR. The water density p (kg litre™") and specific heat capacity Cp (kJ kg™ K') is dependant
upon the temperature and the mid point temperature T5 and T6 1s a good approximation of the
mean temperature for the hot and cold streams.

For the Hot stream:
From table 1 and 2 at TS = 56.6 °C Phot  =0.9852 kg lire’'
Cpiy =4.183 klkg' k'

Henee the power emitted from the hot siream Qe

QC= Vit Phet Cp}lm {T]-TB} Watts
= 50 x0.9852x 4.183%(59.2- 53.0)
=1277 Watts

For the cold stream:
Fromtable 1 and 2 at To=251"C Prad  =0.9970 kg litre !
Cpeag =4.185 klkg' k'

The power absorbed by the cold stream Q) a

Qa = Vepeas Cpead (T4- T3) Watts
= 17x0.997x4.186x(30.9-15.4)
= 1099 Watts

The overall thamal efliciency

1 Thermal = %xll}ﬂ[%]
e

1099
- x 100(%)

1] Themal =

=86.1%



Mote that m this procedure the cold water circulates through the outer annulus and 1s not insulated
from the outside environment. Therefore if the ambient temperature is below the cold stream
temperature further heat will be lost from the system. 1T the ambient 1s above the outer stream
temperature then heat can be gamned from the atmosphere. In extreme cases, this can result in an
appareni thermal efficiency greater than 100%.

Table 1 Specific Heat capacity Cp of Water in kJ kg ' k*

R 1 2 3 4 5 [ 7 B 9
0

41274 42138 42104 42074 42054 42019 41996 41974 4.1954 41936
v 41919 41904 4,189 41877 41866 4.1855 41864 4. 1B37 41829 41822
- 41816 4.18] 4.1805 4.1801 41797 4.1793  4.1790 4.1787 41785 41783
= 41782 41781 41780 41780 4.1779 41779 4.1780 4.1780 4.1781 4.1782
b 41783 41784 41786 41788 40789 41792 41794 41796 41799 4180
= 4. 1804 41807 41811 41814 41817 41821 41825 41829 4.1833 41837
° 41841 4.1846 4.1850 4.1855 41860 4.1865 4.1871 41876 4.1882 4.1887
" 4. 1893 41899 41905 4.1912 41918 4.1925 41932 41939 4,194 4.1954

To use the table the vertical columns denote whole degrees and the Horizontal rows denote tens of

degrees. For example the bold value 4.1792 ki kg-11s a1 40 +5 =45 °C.

Alternatively the equation Cp = 6x107 t* —10x10° ¥ +7.0487x107 ¢ -2.4403x107 t +4.2113
may be used if the data is to be calculated using a spreadsheet.



Table 2 Density of Water in kg Litre™

oy 2 4 [ B
L]

0.9998 0.9999 0.9999 0.9999 0.9999
10

0.9997 0.9995 0.9992 (.9959 (0.9986
20

0.9982 0.9978 0.9973 0.9968 0.9962
30

0.9957 0.9950 0.9944 0.9937 0.9930
40

0.9922 0.9914 0.9906 (L9598 (L988Y
S0

0.9880 0.9871 0.9862 (.9852 (.9842
6l

0.9832 0.9822 09811 (L9800 (0.9789
70

0.9778 0.9766 0.9754 0.9742 0.9730

To use the table the vertical colunms denote degrees and the Hortzontal rows denote tens of
degrees. For example the bold value 09906 kg isat 40+ 4 = 44 °C.

Alternatively the equation p =-4.582x10°° ¢ —4.0007x107 t + 1004
may be used il the data is to be calculated using a spreadsheet.

Opwonoc t

The logarithmic mean temperature difference (also known as log mean
temperature difference or simply by its initialism LMTD) is used to determine
the temperature driving force for heat transfer in flow systems, most notably in
heat exchangers. The LMTD is a logarithmic average of the temperature difference

AoyapaOuikn

between the hot and cold feeds at each end of the double pipe exchanger (A,B).
The larger the LMTD, the more heat is transferred. The use of the LMTD
arises straightforwardly from the analysis of a heat exchanger with constant flow

rate and fluid thermal properties..

Méo

Ocprokpoocwokne Avaoopac (LMTD

AT, = Ogprokpactakr] S1popd TV 000 PELUATOV GTO dKpo A

ATy = Ogpuokpaciokn oeopd Tmv dvo pevudtov 6to dkpo B

LMTD =

ATy — ATy

ATy — AT

AT,
h]( ATy

) - InATy —InATg

(1)


https://en.wikipedia.org/wiki/Logarithmic_average
https://en.wikipedia.org/wiki/Heat_exchanger
https://en.wikipedia.org/wiki/Heat_transfer
https://en.wikipedia.org/wiki/Acronym_and_initialism

Q=UxArx LMTD ()

Where Q is the exchanged heat duty (in watts), U is the heat transfer coefficient (in watts per

kelvin per square meter) and Ar is the exchange area (eq.2)


https://en.wikipedia.org/wiki/Kelvin
https://en.wikipedia.org/wiki/Heat_transfer_coefficient
https://en.wikipedia.org/wiki/Watt
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OBSERVATIONS
Flow Direction: Counter-Current

Sample | T1 15 T2 T3 T6 T4 Vi Voo
Mo,

°C C °C °C C C Gisec Gisec
1 37.9 365 345 15.5 189 213 35 17
2 49.1 46.7 437 14.4 209 248 35 17
3 58.0 557 51.6 14.5 229 28.1 35 17
4 68.1 645 50.0 143 25.0 317 35 17
5 73.2 69.4 63.2 14 26.4 344 35 17
Calculated Data

;T ple | Atyng Al cou Oe Oa Neou Nior NMean

K K W W % [ %

1 34 58 459 403 25.0 15.2 20.6

2 5.4 10.4 741 723 0.0 15.6 228

3 73 13.6 1003 955 0.6 16.4 235

4 9.1 17.4 1246 1222 323 16.9 24.6

5 10.0 204 1367 1360 4.5 16.9 25.7
Sample LMTD U

Mo, |

K Wm'K'

1 17.77 1291

2 26.7 1503

3 339 | 1606

4 40.4 1671

5 438 | 1692

Similar observations may be obtained for the Co-current configuration. The caleulaton procedures
are shown below,

CALCULATIONS

For the example No. 1 the calculations are as follows.

For the Hot stream:

Fromtable 1 and 2at T5= 36.5°C Phot =(1.993 kg litre !
Cp = 4178 kikg ' k'

Hence the power emitted from the hot siream Q e

Qe = Vi pror Cprion (T1-T3) Watts
35 x0.993x4.178x(37.9-34.5)
459 Watts



A useful measure of the heat exchanger performance is the temperature efficiency.

The temperature change m each stream (hot and cold) s compared with the maximum temperare
difference between the two streams. This could only oceur i a perfect heat exchanger of infinite
size with no external losses or gains.

T5

— T4

Tl

T3 T6
g Cold
i,
q Hot i - ,
1 —:[ ) . T
Co-current flow J .
Y 14
The temperature efficiency of the hot stream from the above diagram
T1-T2
ot = = 100%
R T
SLE
=152%
The temperature efficiency of the cold stream from the above diagram
Tcod = T4-Ti = 100%
21.3-155
T379-155 0
=25.9%
The mean temperature efficiency
Nt + 1) Cold
T Me T
1524152
2

= 20.6%
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As the temperature difference between the hot and cold fluids vary along the length of the heat
exchanger it 15 necessary to derive a suitable mean temperature difference that may be used in heat
transfer caleulations. These calculations are not only of relevance in experimental procedures but
also more importantly to be used in the design of heat exchangers to perform a particular duty.

The derivation and application of the Logarithmic Mean temperature Difference (LMTD) may be
found in most thermod ynamics and heat transfer textbooks.

Tl‘i T5
T2

I o

dTmax

Counter current flow Co-current flow

The LMTD is defined as
dTmax -dTmin
(dTmax]
In :
dTmin

Hence from the above diagrams of temperature distribution

LMTD=

(T1-T4)- (T2 - T3)
m( (T1-T4) ]
(T2-T3)

Mote that as the temperature measurement points are fixed on the heat exchanger the LMTD is the
same formula for both Counter-current flow and Co-current flow,

LMTD =

Hence for the Counter-current example

(37.9-21.3)-(34.5-15.5)
m(m.g-zlj)J
(345-15.5)
224
T In(0.8736)
~24

T 201351
178K

LMTD=

dTmin

e T4
T6



In order to calculate the overall heat transfer coefficient the following parameters must be used
with

consistent units:-

Q-

U=————
AxLMTD
Where
A Heat wansfer area of heat exchanger (m2)
Qe Heat emutted from hot stream (Watls)
LMTD Logarithmic mean temperature difference (K)
The heat transfer area may be calculated from:-
d.s:- + d.
= '
2
And
A =T dm L
Where
do Heat transfer tube outside diameter (m)
i Heat transfer tube inside diameter (m)
dm Heat transfer tube mean diameter (m)
L Heat transfer tube effective length (m)

Hence for the heat exchanger from the USEFUL DATA section on page All

d = (0.012)+(0.010)
2
= 0.0l m
A= 1 x 0011 x 2(0.318)
=0.02198 m*

Hence for the test conditions the overall heat transfer coelficient :-

- Q
AxLMTD

459

S 0.02x17.8

=1291 Wm~K"
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OBSERVATIONS
Flow Direction: Counter-Current

Sample T1 T3 T2 T3 Ta T4 What Woeau
Mo,

- ‘C ‘C ‘C ‘C r ‘C Ofsec Gisec
1 9.6 S6.4 ala 14.7 233 283 35 17

2

3

4

5

Calculated Data

;{::'I]pll_‘ Al bt Al cakd O ¢ Q a T]'I'Iu.'ﬂul TI". akl T.Ili\l: Thlc.".l
- K K W W “a Ya Ya Ya

1 1.3 13.6 1053 964 91.2 30.3 17.1 237
2

3

4

5

Flow Direction: Co-Current

Sample | Tl Ts 12 I3 Ta I'4 Vhan Vel
No.

- s ‘C s s C ‘C Gisec (i/sec

1 539.7 56.0 52.5 14.9 225 279 35 17

2

3

|

5

Calculated Data

;‘{I';”PIL Al bt Al cakl Q e Q a T]'I'Iu.'m:l Tl". akl T]Iil: Tl!\l-\.'_".ll
--- K K W W Yo Ya Ya Ya

1 1.2 13.0 1038 921 887 29.0 16.1 22.5
2

3

|

5




CALCULATIONS
For the examples the caleulations are as follows.

Counter-Current Flow
For the Hot stream:

Fromtable 1 and 2at T2 =564 °C Phot =1).9852 kg litre”’
Cp =4.183 klkg' k'

Hence the power emitted from the hot siream Q e
Qe= Viwpor Cpuiot (T1-T3) Watts

= 35 x{l.9852x4.l833-:(59.5—5[.9)
=1053 Watts



Fromtable 1 and 2t T5=233°C Peold =01.9975 kg lire’!
Cpeag = 4.180 kl kg k'

Hence the power absorbed by the cold stream Q a

Qa= Ve poous Cpoos (T4-T3) Watts
= 17 x0.9975%4.180%(28.3~14.7)

=964 Watts
Reduction in Hot fluid temperature Athot =T1-T2
=592-519
=73K
Increase in Cold fluid temperature Atcold =T4 -T3
=283 -147
=136 K

A useful measure of the heat exchanger performance is the temperature efficiency.

The temperature change m each stream (hot and cold) 15 compared with the maximum temperature
difference between the two streams. This could only occur m a perfect heat exchanger of infinite
size with no external losses or gains.

[ — Is
T4 -_'_‘—~—_.____
— T
Micas ——— T2
s
I'6 — T3
4,

q Hot ¥ P - )

- : — = T2
Il L
Counter current flow ;
T3 g Cold
The temperature efficiency of the hot stream from the above diagram
T1-T2
Nite = ——— % 100%
TI1-T3
59.6-519
=" " x«100%
59.6—-14.7

=17.1%



The temperature efficiency of the cold sream from the above diagram

T4-T3
TI-T3
283-147
59.6-14.7
=30.3%

= 100%

Tcold =

= 100%

The mean temperature efficiency

_ THot + 1) Cold
2
17.1+30.3

2
=23.7%

1] Mean

Co-Current Flow
For the co-current flow system the caleulation procedure is similar but the formulae are as follows

- ™ . 12
~ - — T4
—
™ |— T6
q Cold
T3
T
q Hot S
Tl = = _ = T2

Co-current flow

The power emitted from the hot siream Qe

Qe = Viapia Cpua (T1-T2) Watts

The power absorbed by the cold stream Q a

Qa = Voot peais Cpeaid (T4- T3) Watts



Reduction in Hot fluid temperature At hot =T1 -T2 K
Increase in Cold fluid temperature Atcold =T4-T3 K

The temperature efficiency of the hot stream from the above diagram
T1-T2

L II:II:IE}(‘
o= 3™

The temperature efficiency of the cold sream from the above diagram

T4-T3
Neets = ————x100%
TI-T3

The mean temperature efficiency

THot + 1] Cold
Mean = ————
i 2

The tabulated and calculated results show the differences between Counter-Current flow and Co-
Current flow and the effect upon temperature efficiency and At for the hot and cold sreams.

The recorded temperatures T1 to T6 may be plotted on a graph in a similar manner to the Counter-
current and Co-current diagrams above in order to give actual temperature profiles for the heat
exchanger.



