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H101A Concentric Tube Heat Exchanger
(Co-Current Flow)
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AVVOTOTNTES TNG EPYUCTPLOKIGS OLATUENS

1) Demonstration Of Indirect Heating Or Cooling By Transfer Of Heat From One
Fluid Stream To Another When Separated By A Solid Wall (Fluid To Fluid Heat
Transfer).

2) To perform an energy balance across a concentric tube heat exchanger and
calculate the overall efficiency at different fluid flow rates

3) To demonstrate the differences between counter-current flow (flows in
opposing directions) and co-current flows (flows in the same direction) and the
effect on heat transferred, temperature efficiencies and temperature profiles
through a concentric tube heat exchanger

4) To determine the overall heat transfer coefficient for a concentric tube heat
exchanger using the logarithmic mean temperature difference to perform the
calculations (for counter-current and co-current flows).

5) To investigate the effect of changes in hot fluid and cold fluid flow rate on the
temperature efficiencies and overall heat transfer coefficient.

6) To investigate the effect of driving force (difference between hot stream and
cold stream temperature) with counter-current and co-current flow.
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Thermocouple Stations

Co-current and Counter current flow

Themmocouples sense the stream temperatures at the four fixed statons: -
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: -

T35 — Hot Mid-position { for Concentric Tube)

T6— Cold Mid-position { for Concentric Tube)

All thermocouples are duplex sensors, the spare sensor 15 utilised when HC101 A Data Acquisition
upgrade 1s fitted.
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OBSERVATIONS
Flow Direction: Counter-Current

;‘*:;“F'L T1 15 12 T3 6 T4 Veatd Vi
C ‘C C C C C G/sec (ifsec
1 59.2 566 | 53.0 15.4 25.1 309 17 50

2

3

4

5




Caleulated Idata

Sample | ALy, Al gu

No. Oe Oa Thrhermal
- K K W W Ya
6.2 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 ables 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:
Fromtable 1 and 2 at T5= 566 °C Phat =1(.9852 kg lire !
Cpy =4.183 kI kg' k'

Hence the power emitted from the hot siream Q ¢

OC: Vihat Pt CpHm [TI-TB} Watts
= 50 x0.9852x 4.183x(59.2-53.0)
=1277 Watts

For the cold siream:
Fromtable 1 and 2 a1 T6é=251°C Poad  =0.9970 kg lirre !
Cpegg =4.185 klkg' k"

The power absorbed by the cold siream Q a

Qa = Vel peaa Cpeaa (T4-T3) Watts
= 17x0.997x4.186x(30.9-15.4)
= 1099 Watts

The overall thermal efficiency

1 Thermal = Ex 100(%)
Qe

Hence

1099
] x 100(%)

T Themal =

= 86.1%



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

R 1 2 3 4 5 [ 7 ] 9
0

41274 42138 42104 42074 42054 42019 41996 41974 41954 41936
0 41919 41904 4189 41877 41866 4.1855 41864 41837 41829 41822
- 4. 1816 418! 41805 41801 41797 4.1793 41790 41787 4.1785 41783
= 41782 41781 41780 4.1780 41779 4.1779 41780 4.1780 4.1781 4.1782
i 4. 1783 41784 41786 41788 4.17R9  4.1792 41794 41796 4.1799 4180
= 4. 1804 41807 41811 41814 41817 4.1821 41825 41829 41833 41837
° 41841 41846 41850 41855 41860 41865 41871 41876 41882 4 18R7
" 41893 4.1899 4.1905 4.1912 41918 4.1925 4.1932 4.1939 4.1964 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 kJ kg-1is at 40 +5 =45 'C.

Alternatively the equation Cp = 6x107” ' —10x10° ¥ 704875107 * -2.4403x107 1 +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 [ 8
L]

0.9998 0.9999 0.9999 0.9999 0.9999
10

0.9997 0.9995 0.9992 0.9989 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 (.988Y
S0

0.9880 0.9871 (.9862 0.9852 0.9842
6l

0.9832 0.9822 0.9811 0.9800 0.9789
70

0.9778 0.9766 0.9754 0.9742 0.9730

To use the table the vertical columns denote degrees and the Horizontal 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.

Optopog o avodvtiky eoyoyq ™ Aoyapabuikne Méong Oeprokpoclokng
Awgpopag (LMTD)

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

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..

AT, = Ogprokpactakr S1popd TV 000 PELUATOV GTO dKpo A
ATy = Ogpuokpaciokn oeopd Tmv dvo pevudtov 6to dkpo B

LMTD =

ATy — ATp

ATy — ATg

AT,
h]( ATy

) - InATy —InATg

(D


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

Avoivtikn e€ayoyn g petapepduevng Oeppomrog petalh Ovo pevUATOV GE OHOAEOVIKO

gvarloktn Beppromtoag, onov gpeavifetar o cvvteheotig LMTD.







