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To Investigate the Effect of Changes in Hot Fluid and Cold
Fluid Flow Rate on the Temperature Efficiencies and Overall
Heat Transfer Coefficient

To Investigate the Effect of Driving Force (Difference
Between Hot Stream and Cold Stream Temperature) with
Counter-Current and Co-Current Flow

(i)

g
-]
]

(iii)

C2
C3

C4
C4

Cs

C7

co

C10

C13

C17

C24

C33

C43



(iid)

Symbol
Veold
Vhat

T1

T2

T3

T4

Aty
Atgold
dT hot

dT cold
di

do
dmean
n

L

Tinean

p
Cp

Qe
Qa
Qf
LMTID
A

U

T Thermal
Nhat

Teold

Nmean

dTmax

dTmin

SYMBOLS AND UNITS

Cold stream flow rate

Hot stream flow rate

Hot fluid inlet temperature

Hot fluid outlet temperature

Cold fluid inlet temperature

Cold fluid outlet temperature
Decrease in hot fluid temperature
Increase in cold fluid temperature
Decrease in hot fluid temperature
Increase in cold fluid temperature
Inside diameter of hot tube
Outside diameter of hot tube
Mean diameter

Number of hot tubes

Effective length of hot tube

Mean temperature

Density of stream fluid

Specific Heat of stream fluid

Heat flow rate from hot stream
Heat flow rate to cold stream

Heat loss to surroundings

Logarithmic mean temperature difference

Heat transfer surface area

Overall heat transfer coefficient

Thermal efficiency

Temperature efficiency hot stream

Temperature efficiency cold stream

Mean temperature efficiency

Hot tube effective length
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DESCRIPTION

SHELL AND TUBE HEAT EXCHANGER H100C

(Figure Notation)

In this section of the manual figures are referenced with “C” prefix to identify them as relating to the
H100”C” unit. For example Figure C1 on page CL. Numbered items on the figures are referenced as

follows C1(2) , this refers to Item 2 (The mounting holes) on the base board of Figure C1 on page C1.
This follows the similar procedure used in the main manual.

Please refer to figure C1 on page C1.

The shell and tube heat exchanger is an efficient design and finds application in food, chemical and
refrigeration plant. This type of heat exchanger consists of a number of tubes in parallel enclosed in a
cylindrical shell. Heat is transferred between one fluid flowing through the tube bundle and the other
fluid flowing through the cylindrical shell around the tubes. Baffles are often included inside the shell
to increase the velocity and furbulence of the shell side fluid and thereby increasing the heat transfer.

In addition industrial applications often include end plate baffles so that the tube side fluid makes more
than one pass through the tube bundle, This involves greater tube side pumping losses but results in an

increase in the overall heat transfer coefficient. This can result in a smaller heat exchanger for the same
capacity.

For more detailed examination of multi-pass shell and tube heat exchangers the Hilton Steam to
Water Heat Exchanger H930 is recommended. This allows one two and four pass operation to be

investigates and the increased pumping losses to be demonstrated. Details are available from
P.A Hilton Lid or their local agent on request.

The H100C Shell and tube exchanger is a simple model that demonstrates the basic principles of heat
transfer, The H100C is designed to be used with the Heat Exchanger Service Module H100.

The miniature The heat exchanger is mounted on a white PVC base plate C1(1) which incorporates
four mounting holes C1(2). These locate on studs on the base unit and are secured with knurled nuts.

The miniature heat exchanger supplied consists of a clear plastic shell C1(7) with end plates through
which pass a bundle of seven equally spaced stainless steel tubes. O ring seals in the end plates allow
the stainless steel tubes to be removed for cleaning if necessary. Coupled to the end plates are headers
C1(6) which allow hot water from the heater/circulator to pass through all seven tubes and then re-
combine to return to the heater/circulator in a closed loop. Cold water from the mains supply passes
through the clear plastic outer shell and heat is transferred to this from the hot stream. Two baffles are
located in the shell to promote turbulence and increase the cold fluid velocity.

In normal operation hot water from the heater/circulator passes into the left hand header from the
flexible coupling C1(3). Its temperature at entry to the heat exchanger is measured by a thermocouple
sensor T1 located in a T fitting as shown in the diagram. It then flows through the heat exchanger and -
leaves via flexible hose C1(8), Iis temperature on exit is measured by a similar thermocouple T2.

The cold water is fed into and out of the heat exchanger by flexible couplings C1(4} ad C1(3).

Identical T fittings to those on the hot stream contain thermccouples T3 and T4 that measure the cold
water inlet and exit temperatures.

The four thermocouple sensor points are labelled T1 to T4 on Figure Cl and each lead is terminated
with a miniature thermocouple plug B(9) designed to be plugged into the first four numbered sockets
on the base unit H100,

Flexible tubing attached to each fluid inlet/outlet is terminated in a male spigot that is designed to push
into the quick release sockets on the Heat Exchanger Service unit H100. The flow direction of the cold
stream relative to the hot stream can be reversed by changing the location of the inlet and exit tubes.

The sockets on the Heat Exchanger Service Unit H100 are colour coded RED for Hot Water and
BLUE for Cold Water,
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INSTALLATION

Heat Exchanger Installation H100C
Refer to Figure C1 on page Cl, Figure C2 on page C2, Figure C3 on page C3.

It is assumed that the basic INSTALLATION AND COMMISSIONING procedures for the Heat
Exchanger Service unit H100 have been completed as detailed in the main manual on pages 5 to 6.
Locate the base C1(1) of the heat exchanger onto the studs on the base unit in the orientation shown
in Figure C2 or C3 relative to the valve plate. Secure the base plate with the knuried nuts provided.

Temperature Sensors

Each of the four temperature sensors is terminated with a miniature plug and has an identification
number. Connect the numbered plugs to the numbered sockets on the control console 2(8). Figure 2
page C2,

Note that the plugs have pins of different widths to ensure correct orientation.

Hot Water Circuit

Refer to Figure C1 on page Cl.

This is always connected in the following manner.

Comnnect the flexible tube C1(3) from the left hand end of the heat exchanger (adjacent to sensor T1) to
the hot water outlet socket shown in Figure C2 and fitted with a red collar,

Connect the flexible tube C1(8) from the right hand end of the heat exchanger to the hot water return
socket shown in Figure C2 and fitted with a red coltar,

The connection of the hot water circuit is common for all experiments and all configurations, However

the cold water circuit may be configured in one of two directions according to the directions in the
experimental procedure.

Cold Water Circuit Counter-current Flow
Refer to Figure Cl on page C1 and C2 on page C2.

In counter-current flow the hot and cold water streams flow in opposing directions through the heat
exchanger.

The cold water circuit is connected for counter current flow as shown in Figure C2 on page C2,

Connect the flexible tube Ci(5) from the bottom right hand side of the shell assembly (adjacent to
sensor T3) to the cold water outlet socket shown in figure C2 and coloured blue.

Connect the flexible tube C1(4) from the top left hand side of the shell assembly (adjacent to sensor
T4) to the drain hose provided using the adapter provided. The drain hose is reinforced nylon with a
brass stub pipe at on end, This fits into the adapter provided and the adapter couples to the overflow

flexible pipe. The drain hose should be arranged so that it travels in a continuously downward
direction to the drain,

Once the cornections have been made the hot water circuit must be re-filled and the system started
according to the OPERATING PROCEDURE in the main manual on pages 16 to 15.

Cold Water Circuit Co-current Flow
Refer to Figure C1 on page C1 and C3 on page C3.

In co-current flow the hot and cold water streams flow in the same directions through the heat
exchanger.

The cold water circuit is connected for co-current flow as shown in Figure C3 on page C3.
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Connect the flexible tube Ci(5) from the bottom right hand side of the shell assembly (adjacent to
sensor T3) to the drain hose provided using the adapter provided. The drain hose is reinforced nylon
with a brass stub pipe at on end. This fits into the adapter provided and the adapter couples to the
overflow flexible pipe. The drain hose should be arranged so that it travels in a continuously
downward direction to the drain.

Connect the flexible tube C1(4) from the top left hand side of the shell assembly (adjacent to sensor
T4) to the cold water outlet socket shown in figure C2 and coloured blue,

Once the connections have been made the hot water circuit must be re-filled and the system started
according to the OPERATING PROCEDURE in the main manual on pages 16 to 19.



USEFUL DATA
SHELL AND TUBE EXCHANGER H100C

Tube Material

Tube Quiside Diameter

Tube Wal! Thickness

Number of tubes in bundle
Effective length of tube bundle
Effective heat transfer area

Shell Material

Shell Inside Diameter
Shell Wall Thickness
Number of baffles

Cold fluid passes over and under two transverse baffles inside the shell before leaving.
The effective heat transfer area of the shell and tube heat exchanger H100C is the same as that of the
concentric tube heat exchanger H100A for direct comparison of performance.

Table 1 Specific Heat capacity Cp of Water in kJ kg

°C

0

1 2

Stainless steel

0.00635m
0.0006m

=

0.144m

0.02m>

Clear Acrylic

0.03%m
0.003m

2

Cc7

3 4 5 6 7 8 9

0

41274 42138 42104 42074 42054 4.2019 41996 41974 4.1954 4.1936
. 41919 41904 4189 4.1877 4.1866 4.1855 | 4.1864 4.1837 4.1829 4.1822
2 41816 4.181  4.1805 4.1801 4.1797 41793 41790 41787 4.1785 4.1783
% 41782 4,1781 4.1780 4.1780 41779 4.1779 41780 41780 4.178]1 4.1782
40 41783 4.1784 41786 4.1783 4.1789 4,1792 4.1794 41796 4.1799 4.180
> 41804 4.1807 4.1311 4.1814 41817 4.1821 4.1825 4.1829 4.1833 4.1837
* 4.1841 4.1846 4.1850 4.1855 41860 4.1865 41871 4.1876 4.1882 4.15887
b 41893  4.1899 41905 4.1912 41918 4.1925 41932 41939 41964 4.1954

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

degrees. For example the bold value 4,1792 kT kg-lisat 40+ 5 =45°C,

Alternatively the equation Cp= 6x10” t* ~1.0x10°% £ +7,0487x10"° ¢ —2.4403x10> t +4.2113

may be used if the data is to be calculated using a spreadshest.
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Table 2 Density of Water in kg Litre™

°C o 2 4 6 8
0

0.9998 0.9999 0.9999 0.9999 0.9999
H 0.9597 0.9995 0.9992 0.9989 0.9986
» | 69082 0.9978 0.9973 0.9%68 0.9962
¥ 0,9957 0.9950 0.9944 0.9937 0.9930
0 0.9922 0.9914 0.9906 0.9898 0,9889
> 0.9880 0.9871 0.9862 0.9852 0.9842
° 0.9832 0.9822 0.9811 0.5800 0.9789
" 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 0.9906 kg is at 40 + 4 =44 °C,

Alternatively the equation p = -4.582x10"* € —4.0007x10 ¢t + 1.004
may be used if the data is to be calculated using a spreadsheet,
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CAPABILITIES OF THE SHELL AND TUBE HEAT EXCHANGER H100C WITH THE
HYAT EXCHANGER SERVICE UNIT H100

1

To demonstrate 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).

To perform an energy balance across a shell and tube exchanger and calculate the overall
efficiency at different fluid flow rates

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 shell and tube heat exchanger.

To determine the overall heat transfer coefficient for a shell and tube heat exchanger using the

logarithmic mean temperature difference to perform the calculations (for counter-current and co-
current flows).

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

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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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).

The following procedure demonstrates heat transfer from one fluid stream to another when separated
by a solid wall.

NOTE that the observations from experiment No 2 may be used for the calculations in this procedure
in order to save experimental time,

It is assumed that the basic INSTALLATION AND COMMISSIONING procedures for the Heat
Exchanger Service Unit H100 have been completed as detailed in the main manual on pages 5 to 7.

Procedure

Install the Shell and Tube Exchanger HI00C as detailed in INSTALLATION / Heat Exchanger
Installation H100C on page C5 and connect the cold water circuit to give Counter-Current flow as
detailed in the same sectiox.

Follow the OPERATING PROCEDURE detailed in the main manual on page 16 onwards in order to
establish the following operating conditions.

Fill the hot water circuit, set the cold water pressure regulator, and turn on the power to the
unit, Then set the hot water temperature controller to 60°C and turn on the circulating pump.

Set the cold water flow rate V.4 to 1 litre min® and the hot water flow rate V not 10
between 2.5 and 3.0 litre min™,

If the optional Computer Interface HC100 and software is being used:
It s assumed that the Installation and commissioning of both the hardware and software has
been carried out according to the procedures on page 5 of the main manual. Ensure that the
power lead to the Hilton data logger is connected, that the serial lead from the computer to
the data logger is connected and that the ribbon cable from the interface to the base unit is
also connected.
It is assumed that the computer is already running in Windows™ mode. Click on the H100
icon io start the software.

Language Screen:
The first screen will show the language section. If this option has been purchased then the
preferred language may be selected,

H100 Main Menu:
The next screen is the main menu for the H100 series of optional units. Select the HI100C
Shell and Tube Heat Exchanger (Note that only one option can be selected and that if the
wrong unit is selected the procedure may be repeated).
it is assumed that the data is o be captured on disc and therefore this option should be
selected in the lower box. When all selections have been made click OK.

Communications Test:
As the user has selected to collect data the next screen carries out a communications test with
the H100 base unit. Select the serial port of the computer that the unit is connected to and
then click the Go button with the mouse pointer.
Assuming communications is confirmed the next screen will show the H100C Shell and Tube
Heat Exchanger Main Menu.
If communications fails for any reason check the parameters indicated on the screen and
repeat the test. If communications cannot be established for any reason the Cancel button may
be used and the cause investigated.

H100C Shell and Tube Heat Exchanger Main Menu,
This lists the optional experiments that may be carried out with the F[100CShell and Tube
Heat Exchanger. To continue with the above experiment select | . To demonstrate 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) and then click OK.
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HI100C Experiment Number |.

Assuming that the above procedure is being followed select the Counter-Curvent flow option
and check the Instructions on the screen have been observed. If data is to be recorded to disc
then select the Store data on disc for later review option. Then click OK.

If the user DOES select to record data to disc then a file name will be requested. Note that a
partially fixed file name is used together with a fixed file suffix. This enables the software to
recognise data during the review option that is compatible with the review mode selected. The
user is required to enter the remaining digits that will be of relevance to them in the future.
Once a valid flle name is entered the Recording data screen Is displayed.

Recording data:

The next screen shows three tabs Flow, Temperaiure and Data Point. The Flow and
Temperature graphs may be used to set the hot and cold stream flow rates to the desired
values and the temperature graph used to determine when the unit has reached a stable
condition,

Once stable conditions have been established the Data point tab may be clicked and the
Record button clicked to record and display a captured data point. Note that data may be sent
fo a printer (If a printer is connected) if required The option of Raw (end results not
calculated) or Calculated data may be selected for the printing option.

The results shown in the table are updated each time the record button is clicked. NOTE that
if no changes are made to the H100C settings of flow rate and hot stream temperature the
captured resutts will all be similar.

The software should be utilised to automate the data recording procedures detailed as follows
in the manual procedure.

To return o the HI00C Shell and Tube Heat Exchanger Main Menu click the End button on
the Data capture screen.

Monitor the stream temperatures and the hot and cold flow rates to ensure these too remain close to the
original setting. Then record the following:

T1, T2, T3, T4, Viuand Ve

Then set the flow indicator to Fo.qand adjust the cold water flow valve so that V4 is approximately 2
litre min". Maintain the Hot water flow rate at approximately 2.5 to 3.0 litre min™ (the original setting).
If the optional Computer Interface HCI100 and software is being used then the Flow screen and

Temperature screen may again be used to adjust the hot and cold flow rates and fo monitor the system
Jor stability.

Allow the conditions to stabilise and repeat the above observations.

The procedure may be repeated with different hot and cold flow rates and different hot water inlet
temperature if required.

OBSERVATIONS

Flow Direction: Counter-Current

Sample | Tl T2 T3 T4 Vot Voord

No.

— °C °C °C ¢C L min’ | L min’
58.5 53.9 154 26,9 2.89 1.00

n|sefba]e—
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Calculated Data

Sample At e At cona
No.

— K K

i 4.6 11.5

If the optional Computer Interfuce HC100 and software is being used then it will be seen that the
tabular displays are similar to those used on screen.

CALCULATIONS
For the example result the calculations are as follows.

Reduction in Hot fluid temperature Athot = T1-T2
=58.9-53.9
=46 K

Increase in Cold fluid temperature Atcold =T4-T3
=26.9-154
=115K

Note that if the system is set up for Co-Current flow the hot stream temperature difference will remain
the same but the cold stream temperature difference will become:

Atcold =T3 -T4

The test results show the effect upon the temperature differences when the flow rates through a simple
heat exchanger are varied.

The results from this experiment may also be used in experiment No 2 To perform an energy balance
across a shell and tube heat exchanger and calculate the overall efficiency at different fluid flow
rates.

If the optional Computer Interface HC100 and software is being used then the user can refurn to the
H100C Shell and Tube Heat Exchanger Main Menu by clicking the End and Back keys.

Once back at the main menu the user can opt to record more data in another experiment on the same
heat exchanger or review the data recorded during the preceding experiment. Alternatively the user
can return to the H100 Main Menu by continuing to click the Back key and the select to use another
optional heat exchanger if available.
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2, To perform an energy balance across a Shell and Tube heat exchanger and calculate the
overall efficiency at different fluid flow rates

The following procedurs demonstrates heat transfer from one fluid stream to another when separated

by a solid wall and shows that the heat release rate of the hot stream should equal the heat absorption
rate of the cold stream.

NOTE that the observations from experiment No 1 may be used for the calculations in this procedure
in order to save experimental time.

I It is assumed that the basic INSTALLATION AND COMMISSIONING procedures for the Heat
Exchanger Service Unit 100 have been completed as detailed in the main manual on pages 5 to 7,

Procedure

Install the Shell and Tube Heat Exchanger H100C as detailed in INSTALLATION / Heat Exchanger

Installation H100C on page C5 and connect the cold water circuit to give Counter-Current flow as
detailed in the same section.

Follow the OPERATING PROCEDURE detailed in the main manual on page 16 onwards in order to
establish the following operating conditions.

Fill the hot water circuit, set the cold water pressure regulator, and turn on the power to the
unit. Then set the hot water temperature controller to 60°C and turn on the circulating pump.

Set the cold water flow rate V4 to 1 litre/ minute and the hot water flow rate V o to
between 2, § and 3.0 litre/minute.

If the optional Computer Interface HC100 and software is being used:
It is assumed that the Installation and commissioning of both the hardware and software has
been carried out according to the procedures on page 5 of the main manual. Ensure that the
power lead to the Hilton data logger is connected, that the serial lead from the computer to
the data logger is connected and that the ribbon cable from the interface fo the base unit is
also connected.
It is assumed that the computer is already running in Windows™ mode. Click on the H100
icon to start the software.

Language Screen:
The first screen will show the language section. If this option has been purchased then the
preferred language may be selected.

H100 Main Menu:
The next screen is the main menu for the H100 series of optional units. Select the H100C
Shell and Tube heat exchanger (Note that only one option can be selected and that if the
wrong unit is selected the procedure may be repeated.)
It is assumed that the data is to be captured on disc and therefore this option should be
selected in the lower box. When all selections have been made click OK.

Communications Test:
As the user has selected to collect data the next screen carries out a communications fest with
the F100 base unit. Select the serial port of the computer that the unit is connected fo and
then click the Go button with the mouse painter.
Assuming communications is confirmed the next screen will show the HI00C She!l and Tube
Heat Exchanger Main Menu.
If communications fails for any reason check the parameters indicated on the screen and
repeat the test. [f communications cannot be established for any reason the Cancel button may
be used and the cause investigated.

HI00C Shell and Tube Heat Exchanger Main Menu.
This lists the optional experiments that may be carried out with the H100C Shell and Tube
Heat Exchanger. To continue with the above experiment select 2 To perform an energy
balance across a shell and tube heat exchanger and calculate the overall efficiency at
different fluid flow rates, and then click OK.



Cl4

HI100C Experiment Number 2:

Assuming that the above procedure is being followed select the Counter-Current flow option
and check the Instructions on the screen have been observed. If data is to be recorded to disc
then select the Store data on disc for later review option. Then click OK.
If the user DOES select fo record data to disc then a flle name will be requested. Note that a
partially fixed file name is used together with a fixed file suffix. This enables the sofiware to
recognise data during the review option that is compatible with the review mode selected. The
user is required to enter the remaining digits that will be of relevance to them in the future.
Once a valid file name is entered the Recording data screen is displayed.

Recording data:
The next screen shows three tabs Flow, Temperature and Data Point. The Flow and
Temperature graphs may be used to set the hot and cold stream flow rates to the desired
values and the temperature graph used to determine when the unit has reached a stable
condition.
Once siable conditions have been established the Data point tab may be clicked and the
Record button clicked to record and display a captured data point. Note that data may be sent
to a printer (If a printer is connected) if required The option of Raw (end results not
calculated) or Calculated data may be selected for the printing option.
The results shown in the table are updated each time the record bution is clicked NOTE that
if no changes are made to the H100C settings of flow rate and hot stream temperature the
captured results will all be similar.

The software should be utilised to automate the data recording procedures detailed as follows
in the manual procedure.

To return to the H100C Shell and Tube Heat Exchanger Main Menu click the End button on
the Data capture screen,

Monitor the stream temperatures and the hot and cold flow rates to ensure these too remain close to the
original setting. Then record the following:

T1, T2, T3, T4, Vi and Veay

Then set the flow indicator to Feog and adjust the cold water flow valve so that V.. qis approximately 2
litres/minute. Maintain the Hot water flow rate at approximately 2.5 to 3.0 litres/minute (the original
flow rate)

If the optional Computer Interface HCI00 and software is being used then the Flow screen and

Temperature screen may again be used to adjust the hot and cold flow rates and to monitor the system
Jor stability.

Allow the conditions to stabilise and repeat the above observations.

The procedure may be repeated with different hot and cold flow rates and different hot water inlet
temperature if required.

OBSERVATIONS

Flow Direction: Counter-Current

Sample | T1 T2 T3 T4 Vot Veold
No.

— °C °C °c °C L min? | L min”

58.5 33.9 15.4 26.9 2.89 1.00

nlflw|to]—




Calculated Data

Sample | At At o .

No. hot 1d Q e Q a T]Thctmli
e K K W W %

1 4.6 11.5 913 800 87.6

Cis

If the optional Computer Interfuce HC100 and software is being used then it will be seen that the

tabular displays are similar to those used on screen.

CALCULATIONS
For the example the calculations are as follows.

1t is necessary to convert the volume flow rates to mass flow rates using the conversion factors in table
1 and 2 on page C7. The water density p (kg litre’) and specific heat capacity Cp (kJ kg™ K™) is

dependant upon the temperature and the mean fluid temperature

Tintet + Toutter
2

Tmcm =

is used to calculate the relevant temperature,

For the Hot stream:
Threan = (58.5+53.9) /2= 56,2 °C

From table 1 and 2 at Ty, = 56.2 °C Phot = 0.9852 kg litre™
Cp =4.182 k) kg! k!

Hence the power emitted from the hot stream Qe

Qe = Via Qe = -\%;i- phot CpHot (Tl- T2)>< 1000 Waits

=%xo.9352x4.132x(53.5—53.9)x1ooo
=913 Watts
For the cold stream;
Tonean = (26.9 + 15.4) /2 =21.2 °C
From table 1 and 2 at Tean = 21.2 °C Phot = 0.998kg litre™
Cp =4,181 kikg' k'

The power absorbed by the cold stream Q a

_ Vcold
60

:%gxo.998x4.181x(26.9—15.4)><1000

Qa

peod Cpeoid (T4-T3)x 1000 Watts

= 800Watts
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The overall thermal efficiency

7] Themal =—gix 100(%)
Qe

Hence

800
=——x 100(%
1) Theral 313 (%)

=87.6%

Note that as the shell is not insulated in order to allow student examination of the components heat will
be lost or gained depending upon the ambient temperature. In extreme cases this can result in an
apparent thermal efficiency greater than 100%.

If the optional Computer Interface HC100 and software is being used then the user can return to the
H100C Shell and Tube Heat Exchanger Main Menu by clicking the End and Back keys.

Once back at the main menu the user can opt to record more data in another experiment on the same
heat exchanger or review the data recorded during the preceding experiment. Alternatively the user
can return to the H100 Main Menu by continuing to click the Back key and the select to use another
optional heat exchanger if available,
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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 beat transferred,
temperature efficiencies and temperature profiles through a shell and tube heat exchanger

The following procedure demonstrates the effect of changing the direction of fluid flow on the heat
transfer and temperature distribution in a shell and tube heat exchanger.

NOTE that the observations from experiment No 4 may be used for the calculations in this procedure
in order to save experimental time,

It is assumed that the basic INSTALLATION AND COMMISSIONING procedures for the Heat
Exchanger Service Unit H100 have been completed as detailed in the main manual on pages 5 to 7.

Procedure

Install the Shell and tube Heat Exchanger H100C as detailed in INSTALELATION / Heat Exchanger

Installation H100C on page C5 and connect the cold water circuit to give Counter-Current flow as
detailed in the same section.

Follow the OPERATING PROCEDURE detailed in the main manual on page 16 onwards in order to
establish the following operating conditions.

Fill the hot water circuit, set the cold water pressure regulator, and turn on the power to the
unit. Then set the hot water temperature controller to 60°C and turn on the circulating pump.

Set the c?ld water flow rate Voua to 1 litre min™ and the hot water flow rate V ., to 2
litre min™

If the optional Computer Interface HC100 and software is being used:
It is assumed that the Installation and commissioning of both the hardware and software has
been carried out according to the procedures on page 3 of the main manual. Ensure that the
power lead fo the Hilton data logger is connected, that the serial lead from the computer to
the data logger is connected and that the ribbon cable from the interface to the base unit is
also connected,
It is assumed that the computer is already running in Windows™ mode.. Click on the HI100
icon fo start the software.

Language Screen:
The first screen will show the language section. If this oplion has been purchased then the
preferred language may be selected.

H100 Main Menu:
The next screen is the main menu for the H100 series of optional units. Select the H100C
Shell and Tube heat exchanger (Note that only one option can be selected and that if the
wrong unit is selected the procedure may be repeated).
It is assumed that the data is to be captured on disc and therefore this option should be
selected in the lower box. When all selections have been made click OK.

Communications Test:
As the user has selected to collect data the next screen carries ouf a communications test with
the H100 base unit. Select the serial port of the computer that the unit is connected to and
then click the Go button with the mouse pointer.
Assuming communications is confirmed the next screen will show the H100C Shell and Tube
Heat Exchanger Main Menu.
If communications fails for any reason check the parameters indicated on the screen and
repeat the test. [f communications cannot be established for any reason the Cancel button may
be used and the cause investigated.
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HI00C Shell and Tube Heat Exchanger Main Menu:

This lists the optional experiments that may be carried out with the H100C Shell and Tube
Heat Exchanger. To continue with the above experiment select 3 To demonstrate the
differences between counter-current flow (flows in opposing directions) and co-current
Slows (flows in the same direction) and the effect on heat transferred, temperature

efficiencies and temperature profiles through a shell and tube heat exchanger and then click
Ok

HI00C Experiment Number 3:

Assuming that the above procedure is being followed select the Counter-Current flow option
initially and check the Instructions on the screen have been observed. If data is to be recorded
to disc then select the Store data on disc for later review option. Then click OK,
If the user DOES select to record data to disc then a file name will be requested, Note that a
partially fixed file name is used together with a fixed file suffix. This enables the software to
recognise dalta during the review option that is compatible with the review mode selected. The
user is required to enter the remaining digits that will be of relevance to them in the future.
Once avalid file name is entered the Recording data screen is displayed,

Recording data:
The next screen shows four tabs Flow, Temperature, Data Point and Temp. distribution. The
Flow and Temperature graphs may be used to set the hot and cold stream flow rales to the
desired values and the temperature graph used fo determine when the unit has reached a
stable condition.
Once stable conditions have been established the Data point tab may be clicked and the
Record button clicked fo record and display a captured data point. Note that data may be sent
to a printer (If a printer is connected) if required. The option of Raw (end results not
calculated) or Calculated data may be selected for the printing option.
The results shown in the table are updated each time the record button is clicked NOTE that
if no changes are made to the H100C settings of flow rate and hot siream temperature the
captured results will all be similar,

If the Temp Distribution tab is clicked then a simple line diagram graph will be displayed
showing the temperature distribution of the last sample.

The software should be ufilised to automate the data recording procedures detailed as follows
in the manual procedure.

To return to the H100C Shell and Tube Heat Exchanger Main Menu click the End button on
the Data capture screen.

Monitor the stream temperatures and the hot and cold flow rates to ensure these too remain close to the
original setting, Then record the following:

T1, T2, T3, T4, Vpu and Vo
This completes the basic Counter-Current flow experiment observations.
Next connect the cold water circuit to give Co-Current flow as detailed in the INSTALLATION /

Heat Exchanger Installation H100C on page C5. Note that there is no need to disconnect the hot
water circuit or to turn off the hot water pump during this operation,

Set the flow indicator to Feold and adjust the cold water flow valve so that V.4 is approximately 1 litre
min”. Select Fhot and adjust the hot water flow rate Vi, to approximately 2 litre min™, Set the hot
water temperature to 60 °C if this has been adjusted.

If the optional Compuier Interface HC100 and software is being used then from the H100C
Shell and Tube Heat Exchanger Main Menu select 3 To demonstrate the differences between
counter-current flow (flows in opposing directions) and co-current flows (flows in the same
direction) and the gffect on heat transferred, temperature efficiencies and temperature
profiles through a shell and tube heat exchanger and then click OK.
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Assuming that the above procedure is being followed select the Co-Current flow option
initially and check the Instructions on the screen have been observed, If data is to be recorded
to disc then select the Store data on disc for later review option. Then click OK.
If the user DOES select to record data lo disc then a file name will be requested. Note that a
partially fixed file name is used together with a fixed file suffix. This enables the software to
recognise data during the review option that is compatible with the review mode selected. The
user is required to enter the remaining digits that will be of relevance to them in the future.
Once a valid file name is entered the Recording data screen is displayed. The data display and
capture procedure is the same as above in the Counter-current flow procedure.

Monitor the stream temperatures and the hot and cold flow rates to ensure these remain close to the

original setting, Then record the following:

T1, T2, T3, T4, Via atnd Veoq

This completes the basic Co-Current flow experiment observations

OBSERVATIONS

Flow Direction: Counter-Current

Sample | TI T2 T3 T4 Vot Veold

No.

°C °C °C °C L min" | L min’

1 58.9 53.1 15,5 26,2 2.1 0.98

2

3

4

5

Calculated Data

I%I?Ple At ot At cog Qe Oa T Thormal Ncold Mot NMosn
-—- K K W W % % Y% %

1 5.8 10.7 837 729 37.1 246 13.3 18.9
2

3

4

5

If the optional Computer Interface HCI00 and software is being used then it will be seen that the
tabular displays are similar to those used on screen.

Flow Direction : Co-Current

Sample T1 T2 T3 T4 tht led

No.

— °C °C °C °C Lmin® | L min"
59.2 52.8 21.7 142 1.95 1.18

th| 1w |~
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Calculated Data

Sample | Afpe At o1q Thermal

No. Qe Qa n Ncold Tat Thhioeni
— K K W W %o % % %

1 6.4 1.5 857 616 71.8 20.0 17.1 18.5
2

3

1

3

If the optional Computer Interface HC100 and software is being used then it will be seen that the
tabular displays are similar to those used on screen.

CALCULATIONS
For the examples the calculations are as follows,

Counter-Current Flow
It is necessary to convert the volume flow rates to mass flow rates using the conversion factors in table

1 and 2 on page C7. The water density p (kg litre™) and specific heat capacity Cp (kJ kg X™) is
dependant upon the temperature and the mean fluid temperature Tmean

Tmcan = Tintet + Tout!et
2
is used to calculate the relevant temperature.
For the Hot Stream:
Trmean = (58.9+53.1)/2=56,0°C
From table 1 and 2 at Tieen = 56.0 °C Prot = 0.985kg litre”
Cp =4,182kT kg k!

Hence the power emitted from the hot stream Q e

Qe= \;"S‘ pre Cprot (T1-T2)x 1000 Watts
=%§x0.9852x4.180><(58.9—53.1)x1000
=837 Watts

For the Cold stream:
Toem = (26,2 + 15,5}/ 2 =20.9°C

From table 1 and 2 at Typeen = 20.9 °C Phot = 0.998 kg litre"
Cp =4,181 kI kg' k'

Hence the power absorbed by the cold stream Q a

" Vcold

Qa peod Cpaaia (T4-T3) 1000  Watts

=9§6§x0.998x4.181><(26.2—15.5)x1000

=729 Watts
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Reduction in Hot fluid temperature Athot = T1-T2
= 589-53.1
=358K

Increase in Cold fluid temperature Atcold =T4-T3
=26.2-155
=107K

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

Ti

Ta

\\ Tz
T

| 1
- l | H
Qo - : I-—+ T:
— i
T ! 1 t
COUNTER-CURRENT OFERATION ‘
Ta * L e

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

The temperature efficiency of the hot stream from the above diagram

589-53.1
58.9-15.5
=133%

x100%

The temperature efficiency of the cold stream from the above diagram

14-13 x100%
T3

NCold =

262-15.5
58.9-15.5
= 24.6%

x100%

The mean temperature efficiency

THat -+ 7] Cold
Mean = ————re
i 2

_133+246

2
=18.9%



C22
Co-Current Flow

For the co-current flow system the calculation procedure is similar but the formulae are as follows

Ti

Wt~

H 1
T L 1
I 1 |-
1 T L

i
T

1

L

1

CO-CURRENT OPERATION I : ‘

The power emiited from the hot stream Q e

: A%

Qe = 6"5‘ prat Cpriot (T1-T2)x 1000  Watts
The power absorbed by the cold stream Q a

. Vco]d

Qa =~ puis Cpea (T3-T4)x 1000 Watts
Reduction in Hot fluid temperature Athot =T1-T2 K
Increase in Cold fluid temperature Atcold =T3-T4 K

The temperature efficiency of the hot stream from the above diagram

T1-T2

x100%
T1-T4

TNHot =

The temperature efficiency of the cold stream from the above diagram

Tcold = 3-14  100%
-T4
The mean temperature efficiency
1] Mo = THot + 7] Cald

2
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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 coid stream.
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4. To determine the overall heat transfer coefficient for a shell and tube heat exchanger using

the logarithmic mean temperature difference to perform the calculations (for counter-
current and co-current flows).

The following procedure demonstrates the effect of changing the direction of fluid flow on the overall

heat transfer coefficient, The Logarithmic mean temperature difference is used to calculate the overall
heat transfer coefficient.

NOTE that the cbservations from experiment No 3 may be used for the calculations in this procedure
in order to save experimental time.

I 1t is assumed that the basic INSTALLATION AND COMMISSIONING procedures for the Heat
Exchanger Service Unit H100 have been completed as detailed in the main manual on pages 5 to 7.

Procedure

Install the Shell and Tube Heat Exchanger H100c as detailed in INSTALLATION / Heat Exchanger
Installation H100C on page C5 and connect the cold water circuit to give Counter-Current flow as
detailed in the same section.

Follow the OPERATING PROCEDURE detailed in the main manual on page 16 onwards in order to
establish the following operating conditions.

Fill the hot water circuit, set the cold water pressure regulator, and turn on the power to the
unit. Then set the hot water temperature controller to 60°C and turn on the circulating pump.

Set the c?Id water flow rate Ve to 1 litre min™ and the hot water flow rate V not 10 2
litre min™

If the optional Computer Interface HC100 and software is being used:
It is assumed that the Installation and commissioning of both the hardware and software has
been carried out according to the procedures on page 5 of the main manual. Ensure that the
power lead to the Hilton data logger is connected, that the serial lead from the computer to
the data logger is connected and that the ribbon cable from the inferface to the base unit is
also connected.
It is assumed that the computer is already running in Windows™ mode. Click on the H100
icon fo start the software.

Language Screen:
The first screen will show the language section. If this opfion has been purchased then the
preferred language may be selected,

H100 Muin Menu:
The next screen is the main menu for the H100 series of optional units. Select the H100C
Shell and Tube heat exchanger (Note that only one option can be selected and that if the
wrong unit is selected the procedure may be repeated.)
It is assumed that the data is to be captured on disc and therefore this option should be
selected in the lower box. When all selections have been made click OK.

Communicafions Test:
As the user has selected to collect data the next screen carries out a communications test with
the 100 base unit, Select the serial port of the computer that the unit is connected fo and
then click the Go button with the mouse pointer.
Assuming communications is confirmed the next screen will show the H100C Shell and Tube
Heat Exchanger Main Menu.
If communications fails for any reason check the parameters indicated on the screen and
repeat the test, If communications cannot be established for any reason the Cancel button may
be used and the cause investigated,
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H100C Shell and Tube Heat Exchanger Main Menu,
This lists the optional experiments that may be carried out with the 100 Shell and Tube Heat
Exchanger. To continue with the above experiment select 4 To determine the overall keat
transfer coefficient for a Shell and Tube heat exchanger using the logarithmic mean
temperature difference to perform the calculations (for counter-current and co-current
Jlows), and then click OK.

HI004 Experiment Number 4:
Assuming that the above procedure is being followed select the Counter-Current flow option
initially and check the Instructions on the screen have been observed. If data is to be recorded
to disc then select the Store data on disc for later review option. Then click OK.
If the user DOES select to record data to disc then a file name will be requested. Note that a
partially fixed file name is used together with a fixed file suffix. This enables the software to
recognise data during the review option that is compatible with the review mode selected. The
user is required to enter the remaining digits that will be of relevance to them in the future.
Once a valid file name is entered the Recording data screen is displayed.

Recording data:
The next screen shows four tabs Flow, Temperature and Data Point. The Flow and
Temperature graphs may be used to set the hot and cold stream flow rates to the desired
values and the temperature graph used to determine when the unit has reached a stable
condition.
Once stable conditions have been established the Data point tab may be clicked and the
Record button clicked to record and display a captured data peint. Note that data may be sent
to a printer (If a printer is connected) if required The option of Raw (end resulis not
caleulated) or Calculated data may be selected for the printing option.
The results shown in the table are updated each time the record button is clicked. NOTE that

if no changes are made to the HI100C settings of flow rate and hot stream temperature the
captured results will all be similar.

The software should be utilised to automate the data recording procedures detailed as follows
in the manual procedure.

To return to the HI100C Shell and Tube Heat Exchanger Main Menu click the End button on
the Data capture screen.

Monitor the stream temperatures and the hot and cold flow rates to ensure these too remain close to the
original setting. Then record the following:

T1, T2, T3, T4, Vpeand Ve
This complates the basic Counter-Current flow experiment observations.
Next connect the cold water circuit to give Co~Current flow as detailed in the INSTALLATION /

Heat Exchanger Installation H100C on page CS. Note that there is no need to disconnect the hot
water circuit or to turn off the hot water pump during this operation.

Set the flow indicator to Foq and adjust the cold water flow valve so that Vg is a?proximately 1 litre
min™. Select Fyo, and adjust the hot water flow rate to approximately 2 litre min™. Set the hot water
ternperature to 60 °C if this has been adjusted.

if the optional Computer Interface HC!00 and software is being used then from the H100C
Shell and Tube Heat Exchanger Main Menu select 4 To determine the overall heat transfer
coefficient for a Shell and Tube heat exchanger using the logarithmic mean temperature

difference to perform the calculations (for counter-current and co-current flows) and then
click OK.
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H100C Experiment Number 4:

Assuming that the above procedure is being followed select the Co-Current flow option
initially and check the Instructions on the screen have been observed. If data is to be recorded
to disc then select the Store data on disc for later review option. Then click OK.
If the user DOES select to record data to disc then a file name will be requested. Note that a
partially fixed file name is used together with a fixed file suffix. This enables the software to
recognise data during the review option that is compatible with the review mode selected, The
user is required to enter the remaining digits that will be of relevance to them in the future.
Once avalid file name is entered the Recording data screen is displayed. The data display and
capture procedure is the same as above in the Counter-ctirrent flow procedure.

Monitor the stream temperatures and the hot and cold flow rates to ensure these remain close to the

original setting. Then record the following:

T]-, TZ, T3, T“'; Vher and Vcold

This completes the basic Co-Current flow experiment observations.

OBSERVATIONS

Flow Direction; Counter-Current

Sample Ti T2 T3 T4 Vhot Veold

No.

— °C °C °C °C L min’ | L min®

1 58.9 53.1 15.5 26.2 2.1 0.98

2

3

4

3

Calculated Data

gfgr'nple AL bor At coig Qe Oa Nvermal | Tcold st NMeen
-— K K W W % % % %
1 5.8 10,7 837 729 87.1 24,6 13.3 18.9
2

3

4

5

Sample | LMTID U

No.

- K W mK?

1 35.09 1310,6

2

3

4

5

If the optional Computer Interface HC100 and software is being used then it will be seen that the
tabular displays are similar to those used on screen.
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Sample | T1 T2 T3 T4 Vit Veold

No.

i °C °C °C "C L min" | L min™

1 502 52.8 21.7 142 1.5 1.18

2

3

4

5

Calculated Data

IS\IB(;[.“ple AL pot At cong o Oa | Thermal Tcoid 5ot T|Meanl
- K K W W % Ya Yo %
1 6.4 7.5 857 616 71.8 20.0 17.1 18.5
2

3

4

5

Sample | LMTD 9]

No.

- K WmK”

1 37.6 12523

2

3

4

5

If the opticnal Computer Interface HC100 and software is being used then it will be seen that the

tabular displays are similar to those used on screen,

CALCULATIONS
For the examples the calculations are as follows,

Counter-Current Flow

It is necessary to convert the volume flow rates to mass flow rates using the conversion factors in table
1 and 2 on page C7. The water density p (kg litre') and specific heat capacity Cp (kJ kg* K™} is

dependant upon the temperature and the mean fluid temperature Tmean

Tintet + Touter
2

Tme&n -

is used to calculate the relevant temperature

For the Hot stream: Trpepn = (38.9 +53.1)/2 = 56.0 °C
From table 1 and 2 at Tipeen = 56.0 °C Dhot = (.985kg litre™!
Cp = 4.182kJ kg k!

Hence the power emitted from the hot stream Qe

Qe =Y£‘— prat Cpuat (T1-T2)x 1000 Watts

=—26—'61-x0.9852x 4.180x(58.9-53.1)x1000

=837 Watts
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For the Cold stream:
Tinow = (262 +15.5) /1 2=20.9 °C

From table 1 and 2 at Tyee = 20.9 °C Phot  =0.998 kg litre™
Cp =4,18]1 kI kg’ k'

Hence the power absorbed by the cold stream Q a

Qa= Vg(’;d peatd Cpeold (T4 - T3) 1000 Watts
0.98
=—=X0.998x4.181x (26.2-15.5)x1000
=729 Watts
Reduction in Hot fluid temperature Athot = T1-T2
=58.9-53.1
=58K
Increase in Cold fluid temperature Atcold =T4-T3
=262-155
=10.7K

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

T1

Ta

T

1
—l : o
I 1
Up —io r : »-Ta
i
}

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

The temperature efficiency of the hot stream from the above diagram

T1-T2
T1-T3
_589-53.1 N
589155
=13.3%

% 100%

T[Hot =

100%
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The temperature efficiency of the cold stream from the above diagram

T\Cold = T4-15 x 100%
T4

-

_262- 15.5
589155
=24.6%

x 100%

The mean temperature efficiency

_ THot + T Cold
2
_133+24.6
T2
=18.9%

1| Mean

As the temperature difference between the hot and cold fluids vary along the length of the heat
exchanger it is necessary to derive a suitable mean temperature difference that may be used in heat
transfer calculations. These calculations are not only of relevance in experimental procedures but also
more importantly o 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 thermodynamics and heat transfer text books.

Ty
T

T dXmax dTmax atmm

. T
n //’:—-
\ dTmin T+
T

Countercurrant epetation

Cocurrant cperation

The LMTD is defined as

dTmax - dTmin
(dTmax J
In -
dTmin

Hence from the above diagrams of temperature distribution

IMTD =

_(T1-T4)-(T2-T3)
ln((Tl-T4)J
(T2-T3)

Note 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.

ILMTD
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Hence for the Counter-current example

(58.9-26.2)-(53.1-15.5)

n [(58.9-26.2))
(53.1-15.5)

LMTD =

49
" In(0.8696)
_ —49
T ~0.139
=35.09K

In order to calculate the overall heat transfer coefficient the following parameters must be used with
consistent units:-

U= __Qf__
AxLMTD
Where
A Heat transfer area of heat exchanger (m?)
Qe Heat emitted from hot stream (Watts)
LMTD Logarithmic mean temperature difference (K)

The heat transfer area may be calculated from:-

_do+di
2

dm

And

A=mdnln
Where

do Heat transfer tube outside diameter (m)

Heat transfer tube inside diameter (m)

Heat transfer tube mean diameter (m)

Heat transfer tube effective length (m)

Number of heat transfer fubes (Non dimensional)

:r's-&

Hence for the heat exchanger from the USEFUL DATA section on page C7.

e (0.00635)+(0.00635 - (2 0.0006))
" 2

_0.00635+0.00515

2
=(0.00575m

A=7%0.00575x0.144x7
=0.0182m*
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Hence for the test conditions the overall heat transfer coefficient:-
Useo Q&
AxILMTD
837

T 0.0182x35.09
=1310.6 Wm K"

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

The power emitted from the hot stream Qe

Vhot
60

Qe= pro Cprot (T1-T2)x 1000  Watts

The power absorbed by the cold stream ) a

. Ve
Qa = 60“‘ peod Cpood (T3 -T4) 1000 Watts
Reduction in Hot fluid temperature Athot = T1-T2 X
Increase in Cold fluid temperature Atcold =T3-T4 K
T

Ta
. /”’/———_'—'——_-—-

— : . :—'l"
Dot : . =Tz
— L . L I—-
Tt T I | .
CO-CURRENT OPERATION TI y !
i r

The temperature efficiency of the hot stream from the above diagram

Tl'Tixloo%

THot =
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The temperature efficiency of the cold stream from the above diagram

T|Cold = I3-T4 x 100%
T1-T4

The mean temperature efficiency

Tt + 1] Cold
2

1] Mean =
The logarithmic mean temperature difference LMTD
(T1-T4)-(T2-T3)

ln((Tl - T4)J
(T2-T3)

U= &
AxLMTD

LMTD =

The Overall heat transfer coefficient U

The tabulated and calculated results show the differences between Counter-Current flow and Co-
Current flow and the effect upon temperature cfficiency, At, and the overall heat transfer coefficient.

If the optional Computer Interface HCI00 and software is being used then the user can return to the
HI00C Shell and Tube Heat Exchanger Main Menu by clicking the End and Back keys.

Once back at the main menu the user can opt fo record more data in another experiment on the same
heat exchanger or review the data recorded during the preceding experiment. Alternatively the user
can return to the Hi00 Main Menu by continuing to click the Back key and the select to use another

optional heat exchanger if available,
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5. To investigate the effect of changes in hot fluid and cold fluid flow rate on the temperature
efficiencies and overall heat transfer coefficient.

The following procedure demonstrates the effect of changing the flow rate of both the hot and cold

streams on the overall heat transfer coefficient. The Logarithmic mean temperature difference is used
to calculate the overall heat transfer coefficient.

I 1t is assumed that the basic INSTALLATION AND COMMISSIONING procedures for the Heat
Exchanger Service Unit H100 have been completed as detailed in the main manual on pages 5 to 7.

Procedure

Install the Shell and Tube Heat Exchanger HI00C as detailed in INSTALLATION / Heat Exchanger
Ingtallation H100C on page C5 and connect the cold water circuit to give Counter-Current flow as
detailed in the same section.

Follow the OPERATING PROCEDURE detailed in the main manual on page 16 onwards in order to
establish the following operating conditions.

Fill the hot water circuit, set the cold water pressure regulator, and turn on the power to the
unit. Then set the hot water temperature controller to 60°C and turn on the circulating pump,

Set the c(:ld water flow rate Vg to 1 litre min™ and the hot water flow rate V ot t0 1.0
litre min™

If the optional Computer Interface HC100 and software is being used:
It is assumed that the Installation and commissioning of both the hardware and software has
been carried out according to the procedures on page 5 of the main manual. Ensure that the
power lead to the Hilton data logger is connected, that the serial lead from the computer to
the data logger is connected and that the ribbon cable from the interface to the base unit is
alsoe connected.
It is assumed that the computer is already running in Windows™ mode. Click on the HI00
icon to start the software.

Language Screen;
The first screen will show the language section. If this option has been purchased then the
preferred language may be selected.

HI100 Main Menu:
The next screen is the main menu for the H100 series of optional units. Select the H100C
Shell and Tube heat exchanger (Nofe that only one option can be selected and that if the
wrong unit is selected the procedure may be repeated).
It is assumed that the data is to be captured on disc and therefore this option should be
selected in the lower box. When all selections have been made click OK.

Communications Test:
As the user has selected to collect data the next screen carries out a communications test with
the F100 base unit, Select the serial port of the computer that the unit is connected to and
then click the Go button with the mouse pointer.
Assuming communications is confirmed the next screen will show the H100C Shell and Tube
Heat Exchanger Main Menu,
If communications fails for any reason check the parameters indicated on the screen and
repeat the test. [f communications cannot be established for any reason the Cancel button may
be used and the cause investigated,

HI100C Shell and Tube Heat Exchanger Muin Menu:
This lists the optional experiments that may be carried out with the H100C Shell and Tube
Heat Exchanger. To continue with the above experiment select 5 To investigate the effect of
changes in hot fluid and cold fluid flow rate on the temperature efficiencies and overall
heat transfer coefficient, and then click OK.

HI100C Experiment Number 5:
Assuming that the above procedure is being followed select the Counter-Current flow option
initially and check the Instructions on the screen have been observed. If data is to be recorded
to disc then select the Store data on disc for later review option. Then click OK,
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If the user DOES select to record data to disc then a file name will be requested. Note that a
partially fixed file name is used together with a fixed file suffix. This enables the software to
recognise data during the review option that is compatible with the review mode selected, The
user is required 1o enter the remalining digits that will be of relevance to them in the future.
Once a valid file name is entered the Recording data screen is displayed.

Recording data:
The next screen shows four tabs Flow, Temperature and Data Point. The Flow and
Temperature graphs may be used to set the hot and cold stream flow rates to the desired
values and the temperature graph used to determine when the unit has reached a stable
condition,
Once stable conditions have been established the Data point tab may be clicked and the
Record button clicked to record and display a captured data point.
A dialogue box will be displayed where the user must enter the nominal hot stream flow rate
to the nearest 0.5 litre min™. This is then used to group data points even though the ACTUAL
hot stream flow recorded may deviate slightly from the original set value.

Nofe that data may be sent to a printer (If a printer is connected) if required. The option of
Raw (end results not calculated) or Calculated data may be selected for the printing option,
The results shown in the table are updated each time the record button is clicked. NOTE that

if no changes are made to the H1004 settings of flow rate and hot stream temperature the
captured results will all be similar,

The software should be utilised to automate the data recording procedures detailed as follows
in the manual procedure,

Monitor the stream temnperatures and the hot and cold flow rates to ensure these too remain close to the
original setting, Then record the following:

Tl, Tz, T3, T4, tht and Vcold

The hot and cold flows should then be adjusted according to the following suggested values and the
procedure repeated,

Vot (Litre min™) Vot (Litre min™)
1.0 1.0
1.0 2.0
1.0 3.0
1.0 1.0
2.0 2.0
2.0 3.0
Max 1.0
Max 2.0
Max 3.0

If time permiits the increments between the hot and cold stream flow rates may be made smaller to 0.5

litre min™ if required.

If'the optional Computer Interface HC1G0 and sofhware is being used:
All of the observations may be carried out without leaving the experiment 5 Recording data
screens. The water flow rate tab and temperature tabs should be used to check the required
Slow rates and temperature stability and the Recording data procedures used to collect each
data point. Note that for each reading a Nominal hot flow will be required and the user must
select the nearest nominal hot flow value.

This completes the basic Counter-Current flow experiment observations.
If the optional Computer Inferface HCI100 and software Is being used then the user can return to the
H100C Shell and Tube Heat Exchanger Main Menu by clicking the End and Back keys.

Next connect the cold water circuit to give Co-Current flow as detailed in the INSTALLATION /

Heat Exchanger Installation H100C on page C5. Note that there is no need to disconnect the hot
water circuit or to turn off the hot water pump during this operation.
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If the optional Computer Interface HC100 and software is being used:
Select H100C Experiment Number 5:
Assuming that the above procedure is being followed select the Co-Current flow option and
check the Insiructions on the screen have been observed. If data is to be recorded to disc then
select the Store data on disc for later review option, Then click OK.
If the user DOES select to record data to disc then a file name will be requested. Note that a
partially fixed file name is used together with a fixed file suffix. This enables the software to
recognise data during the review option that is compatible with the review mode selected. The
user is required to enter the remaining digits that will be of relevance to them in the future.
Once a valid file name is entered the Recording data screen is displayed.

Recording data:
The next screen shows four tabs Flow, Temperature and Data Point. The Flow and
Temperature graphs may be used to set the hot and cold stream flow rates to the desired
values and the temperature graph used to determine when the unit has reached a stable
condition,
Once stable conditions have been established the Data point tab may be clicked and the
Record button clicked to record and display a captured data point,
A dialogue box will be displayed where the user must enter the nominal hot stream flow rate
to the nearest 0.5 litre min’™'. This is then used to group data points even though the ACTUAL
hot stream flow recorded may deviate slightly from the original set value.

Note that data may be sent to a printer (If a printer is connected) if required. The option of
Raw ( end results not calculated) or Calculated data may be selected for the printing option.
The results shown in the table are updated each time the record button is clicked. NOTE that
if no changes are made to the H100C settings of flow rate and hot stream temperature the
captured results will all be similar.

The software should be utilised to automate the data recording procedures detailed as follows
in the manual procedure.

Monitor the stream temperatures and the hot and cold flow rates to ensure these remain close to the
original setting. Then record the following;

Tl) T2s T3’ T4: Vhot and Vcold

The hot and cold flows should then be adjusted according to the following suggested values and the
procedure repeated.

Vior (Litre min™) Veod (Litre min™)
1.0 1.0
1.0 2.0
1.0 3.0
2.0 1.0
2.0 2.0
2.0 3.0
Max 1.0
Max 2.0
Max 3.0

This completes the basic Co-Current flow experiment observations
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OBSERVATIONS

Flow Direction: Counter-Current

Sample T1 T2 T3 T4 Vet Veold

No,

— °C °C C °C L min” | L min”

1 60,5 48,7 14.7 23.1 0.98 0.95

2

3

4

5

Calculated Data

IS\Iac‘}mple At hot At cald Q e Q a T]Cold nHot T]Mcm
-—n K K W W %% % %
] 11.8 8.4 795 555 18.3 25.8 22.1
2

3

4

5

Sample |LMID | U Nominal

No. Hot Flow

— K W mK"? | litre min”

1 35.67 12246 1.0

2

3

4

5

If the optional Computer Interfuce HC100 and software is being used then it will be seen that the

tabular displays are similar to those used on screen.

Flow Direction: Co-Current

Sample | T1 T2 T3 T4 Vot Veold

No.

-— °’C °C °’C °C L min’ | L min"

1 60.8 49.5 22.8 14.4 0.99 1.06

2

3

4

5

Calculated Data

;ac')mple AL et At qo1d Q e Q a Ncold Naast TiMeeant
- K K W W % % %

1 11.3 8.4 169 620 22.1 29.7 25.9
2

3

4

5
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Sample | LMID U

No,

— K W mK’
1 35.64 11532

2

3

4

5

CALCULATIONS

For the examples the calcuiations are as follows,

Counter-Current Flow
It is necessary to convert the volume flow rates to mass flow rates using the conversion factors in tabie

1 and 2 on page C7. The water density p (kg litre") and specific heat capacity Cp (kJ kg™ K™) is
dependant upon the temperature and the mean fluid temperature Tmean

Tinlet + Toutter
2

Tmca.n =

is used to calculate the relevant temperature of the Hot stream.

For the Hot stream:
Tmean = (60.5+48.7)/2=54.6°C
From table 1 and 2 at Tyean = 54.6 °C

Phot = 0.986 kg litre™
Cp =4,182 kT kg’ k'

Hence the power emitted from the hot stream Qe

Qez\gg pro Cpra (T1-T2) 1000  Watts

=%§xo.986x4.182x(60.5—48.7)x1000

=795 Watts

For the Cold stream Tmean
Taean = (23.1+14.7)/2=189°C

From table 1 and 2 at Ty, = 18,9 °C Pootd = 0.998 kg litre™
CPeow  =4.182 kI kg' k!

Hence the power absorbed by the cold stream Q a

Qa = _Yﬁ%i Peold Cpeold (T4 - T3) x1000 Watts

=9-é%5-x0.998x4.182><(23.1—14.7)x1000

=555 Waits
Reduction in Hot fluid temperature Athot = T1-T2

60.3 - 48.7
=]118K
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Increase in Cold fluid temperature Atcold =T4-T3
=123,1-147
=84K

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

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

T1

Ts

"
|

' ; ] 1
X | 1
T T [
T T 1

][ sl
. == T2
pet %
COUNTER-CURRENT OPERATTON ‘
Ts T4

The temperature efficiency of the hot stream from the above diagram

T1-T2
T1-T3
60.5-48.7
T 60.5-14.7
=25.8%

x 100%

NHot =

% 100%

The temperature efficiency of the cold stream from the above diagram

T|Cald = Ta-13 x100%
T1-T3

_23.1-14.7

60.5-14.7

=18.3%

x 100%

The mean temperature efficiency

__ MHot + T} Cold
T Mean ————“-“_2
_25.8+183

2
=22.1%
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As the temperature difference between the hot and cold fluids vary along the length of the heat
exchanger it is necessary to derive a suitable mean temperature difference that may be used in heat
transfer calculations. 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 thermodynamics and heat transfer text books,

T
T
T dTmas dTmas dTrin ;.r:
Ts i
Courtercurrant oparstion Cocurrent operation
The LMTD is defined as
dTmax - dTmin
LMTD =
dTmax
In -
dTmin

Hence from the above diagrams of temperature distribution
_(T1-T4)-(T2-T3)
[ (T1-T4)

(T2-T3)

Note 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

(60.5-23.1)-(48.7-14.7)
" ((60.5-23.1)}
(48.7-14.7)
34
" In(1.1)

3.4

= 0.0953
=35.67K

LMTD =
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In order to calculate the overall heat transfer coefficient the following parameters must be used with
consistent ynits:-

Q.

U=s—xX2 .
AxLMTD
Where
A Heat transfer area of heat exchanger (m?)
Qe Heat emitted from hot stream (Watts)
LMTD Logarithmic mean temperature difference (K)
The heat transfer arca may be calculated from:-
dm: da + di
And
A=mrdnLn
‘Where
do Heat transfer tube outside diameter (m)
di Heat transfer tube inside diameter (m)
dm Heat transfer tube mean diameter (m)
L Heat transfer tube effective length (m)
n Number of heat transfer tubes (Non dimensional)

Hence for the heat exchanger from the USEFUL DATA section on page C7.

e (0.00635)+ (0.00635 - (2% 0.0006))
2
_0.00635+0.00515

2
=0.00575m

A=zax0,00575x0,144 %7
=0.0182m"*

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

Qe

" AxLMTD

_ 795

" 0.0182x35.67

=1224,6 Wm K

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

The power emitted from the hot stream Qe

. Vi
Qe=% proi Cpra (T1-T2) 1000  Watts
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The power absorbed by the cold stream Q a

Qa= Y—g—.g-j- Peold Cpeaid (T3 - T4) 1000 Watts

Reduction in Hot fluid temperature Athot = T1-T2 K
Increase in Cold fluid temperature Atcold =T3-T4 K
T

\.\ —_—

Ta
s /,/-'_'—f—

I
|
3
|

The temperature efficiency of the hot stream from the above diagram

Tl’Tixmo%

TjHoet =

The temperature efficiency of the cold stream from the above diagram

TiCold = 13-T4 x100%
T1-T4

The mean temperature efficiency

__ Meot + 1] Cold
1] Mean —"—"‘““—‘2

The logarithmic mean temperature difference LMTD

_(T1-T4)-(T2-T3)

1{(’1‘144)]
(T2-T3)
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Tha Overall heat transfer coefficient U

Q.
AxLMTD

In order to see the effect of the volume flow rate on the overall heat transfer coefficient the data should
be plotted with overall heat transfer coefficient on the Y(vertical) axis and the Hot flow rate on the X
(horizontal} axis.

If the optional Computer Interface HCI100 and software is being used and the suggested procedure

Jollowed then the nominal flow rate column will group the data and allow the effect of varying hot flow
rafe to be seen.

If the optional Computer Interfuce HC100 and software is being used then the user can return to the
H100C Shell and Tube Heat Exchanger Main Menu by clicking the End and Back keys.

Once back at the main menu the user can opt to record more data in another experiment on the same
heat exchanger or review the data recorded during the preceding experiment. Alternatively the user

can return to the H100 Main Menu by continuing to click the Back key and the select to use another
optional heat exchanger if available.
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6. To investigate the effect of driving force (difference between hot stream and cold stream
temperature) with counter-current and co-current flow

The following procedure demonstrates the effect of changing the temperature difference (or driving
force) between the hot and cold streams. The effect of this on the overall heat transfer coefficient and
temperature cfficiencies may be investigated for both coynter-current and co-current flows.

I'It is assumed that the basic INSTALLATION AND COMMISSIONING procedures for the Heat
Exchanger Service Unit H100 have been completed as detailed in the main manual on pages 5 to 7.

Procedure

Install the Concentric tube Heat Exchanger H100C as detailed in INSTALLATION / Heat

Exchanger Installation H100C on page C5 and connect the cold water circuit to give Counter-
Current flow as detailed in the same section,

Follow the OPERATING PROCEDURE detailed in the main manual on page 16 onwards in order to
establish the following operating conditions.

Fill the hot water circuit, set the cold water pressure regulator, and turn on the power to the
unit. Then set the hot water temperature controller to 40°C and turn on the circulating pump.

Set the cqld water flow rate V.o  to 1 litre min™ and the hot water flow rate V ot 10 2,0
litre min™

If the optional Computer Interfuce HC100 and software is being used:
1t is assumed that the Installation and commissioning of both the hardware and software has
been carried out according to the procedures on page 5 of the main manual, Ensure that the
power lead to the Hilton data logger is connected, that the serial lead from the computer fo
the data logger is connected and that the ribbon cable from the interface io the base unit is
also connected.
It is assumed that the computer is already running in Windows™ mode. Click on the H100
icon to start the software,

Language Screen:
The first screen will show the language section. If this option has been purchased then the
preferved language may be selected.

H100 Main Menu:
The next screen is the main menu for the H100 series of optional units. Select the HI00C
Shell and Tube heat exchanger (Note that only one option can be selected and that if the
wrong unit is selected the procedure may be repeated).
It is assumed that the data is to be captured on disc and therefore this option should be
selected in the lower box. When all selections have been made click OK.

Communications Test:
As the user has selected to collect data the next screen carries out a communications test with
the 100 base unit. Select the serial port of the computer that the unit is connected to and
then click the Go button with the mouse pointer.
Assuming communications is confirmed the next screen will show the H100C Shell and Tube
Heat Exchanger Main Menu,
If communications fails for any reason check the parameters indicated on the screen and

repeat the test. If communications cannot be established for any reason the Cancel button may
be used and the cause investigated.

H100C Shell and Tube Heat Exchanger Muain Menu:
This lists the optional experiments that may be carried out with the H100C Shell and Tube
Heat Exchanger. To continue with the above experiment select 6 To investigate the effect of
driving force (difference between hot stream and cold stream temperature) with counter-
current and co-current flow and then click OK,

H100C Experiment Number 6:
Assuming that the above procedure is being followed select the Counter-Current flow option
initially and check the Instructions on the screen have been observed. [f data is fo be recorded
to disc then select the Store data on disc for later review option. Then click OK.
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If the user DOES select to record data to disc then a file name will be requested. Note that a
partially fixed file name is used together with a fixed file suffix. This enables the software fo
recognise data during the review option that is compatible with the review mode selected, The
user is required to enter the remaining digits that will be of relevance to them in the future.
Once a valid file name is entered the Recording data screen is displayed.

Recording data:
The next screen shows four tabs Flow, Temperature and Data Point. The Flow and
Temperature graphs may be used lo set the hot and cold stream flow rates to the desired
values and the temperature graph used to determine when the unit has reached a stable
condition.
Once stable conditions have been established the Data point tab may be clicked and the
Record button clicked to record and display a captured data point.

Note that data may be sent to a printer (If a prinfer is connected) if required The option of
Raw { end results not calculated) or Calculated data may be selected for the printing option.
The results shown in the table are updated each time the record button is clicked. NOTE that

if no changes are made to the H100C settings of flow rate and hot stream temperature the
eaptured results will all be similar.

The software should be utilised to automate the data recording procedures detailed as follows
in the manual procedure.

Monitor the stream temperatures and the hot and cold flow rates to ensure these too remain close to the
original setting. Then record the following;

Tl, Tz, T3, T4; Vhol and Vcold.

Repeat the above procedure with the hot water temperature controller set to 50°, 60° and 70 °C.

If the optional Computer Interface HC100 and safbware is being used:

Al of the observations may be carried out without leaving the experiment 6 Recording data screens.
The water flow rate tab and temperature tabs should be used to check the required flow rates and
temperature stability and the Recording data procedures used to eollect each data point.

This completes the Counter-current observation procedures

If the optional Computer Interface HC100 and software is being used then the user can return fo the
HI100C Shell and Tube Heat Exchanger Main Menu by clicking the End and Back keys.

Next connect the cold water circuit to give Co-Current flow as detailed in the INSTALLATION /
Heat Exchanger Installation H100C on page C5. Note that there is no need to disconnect the hot
water circuit or to turn off the hot water pump during this operation.

Follow the QPERATING PROCEDURE detailed in the main manual on page 16 onwards in order to
establish the following operating conditions.

Fill the hot water circuit, set the cold water pressure regulator, and turn on the power to the
unit, Then set the hot water temperature controller to 40°C and turn on the circulating pump.

Set the colld water flow rate Ve to 1 litre min™ and the hot water flow rate V 4, to 2.0
litre min™

If the optional Computer Interface HC100 and software is being used:

Select H100C Experiment Number 6:

Assuming that the above procedure is being followed select the Co-Current flow option and
check the Instructions on the screen have been observed, [fdata is to be recorded to disc then
select the Store data on disc for later review option. Then click OK.

If the user DOES select to record data to dise then a file name will be requested, Note that a
partially fixed file name is used together with a fixed file suffix. This enables the software fo
recognise data during the review option that is compatible with the review mode selected. The
user s required to enter the remaining digits that will be of relevance to them in the future.
Once a valid file name is entered the Recording data screen is displayed.
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Recording data:

The next screen shows four tabs Flow, Temperature and Data Point. The Flow and
Temperature graphs may be used to set the hot and cold stréam flow rates to the desired
values and the temperature graph used to determine when the unit has reached a stable
condition.

Once stable conditions have been established the Data point tab may be clicked and the
Record button clicked to record and display a captured data point,

Note that data may be sent to a printer (If a printer is connected) if required The option of
Raw (end resuits not calculated) or Caleulated data may be selected for the printing option.
The results shown in the table are updated each time the record button is clicked. NOTE that

if no changes are made to the H100C settings of flow rate and hot stream temperature the
captured results will all be similar.

The software should be utilised to automate the data recording procedures detailed as follows
in the manual procedure.

Monitor the stream temperatures and the hot and cold flow rates to ensure these remain close to the
original seting. Then record the following:

T1, T2, T3, T4, Vio and Voo

Repeat the above procedure with the hot water temperature controller set to 50°, 60° and 70° C,

If the optional Computer Interface HCI100 and software is being used:

All of the observations may be carried out without leaving the experiment 6 Recording data screens.
The water flow rate tab and temperature tabs should be used to check the required flow rates and
temperature stability and the Recording data procedures used to collect each data point.

This completes the Co-current obhservation procedures

If the optional Computer Interface FIC100 and software is being used then the user can return fto the
HI00C Shell and Tube Heat Exchanger Main Menu by clicking the End and Back keys.

Once back at the main menu the user can opt io record more data in another experiment on the same
heat exchanger or review the data recorded during the preceding experiment. Alternatively the user

can return to the H100 Main Menu by continuing to click the Back key and the select to use another
optional heat exchanger if available.

OBSERVATIONS

Flow Direction: Counter-Current

Sample Tl T2 T3 T4 Vit Ve
No.

o °C °'C 'C °C L min” L min”
1 38.4 35.4 14.6 18.9 1.94 0.99

2 48.5 44.2 14.5 21.5 2 1.01

3 59.5 52,7 14.4 24,4 2.04 1.02

4 69 60.1 14.3 274 1.92 1.03

5 73 60.9 14.4 27.7 2.01 1.02

Calculated Data

iﬁiﬂple At hot At o Qe Qa Neoid Neet tean
- K K W W % % %o

1 3.0 4.3 402 297 18.1 12.6 15.3
2 4.3 7.0 592 492 20.6 12.6 16.6
3 6.8 10.0 953 710 222 15.1 18.6
4 8.9 13.1 1178 938 23.9 163 20.1
5 12.1 13.3 1662 943 227 20.6 21.7
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Sample | LMID | U

No.

— K W m’K?
1 20.1 1096.7

2 283 1149.3

3 36.7 1426.7

4 43,7 1481.2

5 45.9 1989

If the optional Computer Interface HC100 and software is being used then it will be seen that the
tabular displays are similar to those used on screen,

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

CALCULATIONS

Counter-Current Flow
For sample No 1 above:
1t is necessary to convert the volume flow rates to mass flow rates using the conversion factors in table

1 and 2 on page C7. The water density p (kg litre’) and specific heat capacity Cp (J kg K™) is
dependant upon the temperature and the mean fluid temperature Tmean

Ti.nl:t + Tnutlet
2

Tmcan =

Is used to calculate the relevant temperature of the Hot stream.
For the Hot stream:

Tiean = (38.4 +35.4)/2=36.9°C

From table 1 and 2 at Tyeen = 36.9 °C
Phot  =0.993 kg litre!
Cp =4,178 kI kg' k!

Hence the power emitted from the hot stream Qe

Qe= \;“(‘;‘ pret Cprot (T1-T2) x1000  Watts
1.94
=-6—O_xo.993x4.178><(38.4—35.4)><1000
=402 Watts

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

The temperature change in each stream (hot and cold) is compared with the maximum temperature
difference between the two streams. This could only occur in a perfect heat exchanger of infinite size
with no external losses or gains,
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Ts
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COUNTER-CTTRRENT OPERATION 1
T+ T4

The temperature efficiency of the hot stream from the above diagram

o = e X 100%
T1-T3

_384-354
38.4~14.6
=12.6%

100%

The temperature efficiency of the cold stream from the above diagram

189146
38.4-14.6
=18.06%

x100%

The mean temperature efficiency

THot + 1] Cold
Mean = ———————
k 2

_12.6+18.06

2
=15.3%

As the temperature difference between the hot and cold fluids vary along the length of the heat
exchanger it is necessary to derive a suitable mean temperature difference that may be used in heat
transfer calculations. 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.
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T

T
dTmax b
T dTmax 4Tmin
' e —r———T
T e
\ dTmin T

-

Countercunren operstion Cocurrant operation

The derivation and application of the Logarithmic Mean temperature Difference (LMTD) may be
found in most thermodynamics and heat transfer text books,

The LMTD is defined as
dTmax - dTmin
[ dTmax j
In -
dTmin

Hence from the above diagrams of temperature distribution

LMTD =

(T1-T4)-(T2-T3)
1n((ﬂ -T4)]
(T2-T3)

Note that as the temperature measurement points are fixed on the heat exchanger the LMTD is the

IMID=

same formula for both Counter-current flow and Co-current flow.

Hence for the Counter-current example

(38.4-18.9)-(35.4-14.6)
I [(38.4—18.9)}
(35.4-14.6)
o -13
" In(0.9375)
~13

~ 0.0645
=20.14K

LMTD =

In order to calculate the overall heat transfer coefficient the following parameters must be used with
congistent units:-

o Q
AxILMTD
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Where

A Heat transfer area of heat exchanger (m?)

Qe Heat emitted from hot stream (Watts)

LMTD Logarithmic mean temperature difference (K)

The heat transfer area may be calculated from:-~

__do+di
2

dm

And
A:ﬂ'dan

Where

do Heat transfer tube outside diameter (m)

Heat transfer tube inside diameter (m)

Heat transfer tube mean diameter (m)

Heat transfer tube effective length (m)

Number of heat transfer tubes (Non dimensional)

l:!l"‘s-e-,

Hence for the heat exchanger from the USEFUL DATA section on page C7.

{0.00635)+ (0.00635 - (2% 0.0006))

dm=
2
_ 0.00635 +0.00515
- 2
=0.00575m
A =7x0.00575%0,144x 7
=0.182m?

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

Us X __
AxLMTD
40
0.0182x 20.14

=1096.7 Wm?K

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

The power emitted from the hot stream Q¢

hot

.V
Qe= 60

prat Cpriat (T1-T2) 1000  Watts
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The power absorbed by the cold stream Q a

. Veold

Qa= 6"‘(’) pesta Cpea (T3-T4) 1000  Watts
Reduction in Hot fluid temperature Athot =T1-T2 K
Increase in Cold fluid temperature Atcold =T3-T4 K

Ti

T
n //

Dot —ons

-
Ti

| ]
1 I 1
I 1 |
I T 1

k|
T
I
CO-CURRENT OPERATION Tl ;l

The temperature efficiency of the hot stream from the above diagram

T1-T2
T1-T4

x 100%

NHot =

The temperature efficiency of the cold stream from the above diagram

TCold = I3-14 x 100%
T1-T4

The mean temperature efficiency

THot + T) Cald
2

T Mean =

The logarithmic mean temperature difference LMTD

_(T1-T4)-(T2-T3)

h{ (T1 -T4)J
(T2-T3)

LMTD
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In order to visualise the effect of temperature difference on the overall heat transfer coefficient the
calculated data may be plotted against logarithmic mean temperature difference,
An example of this is given on page C52 for the Counter-current flow configuration.

1f the optional Computer Interface HC100 and software is being used then the user can return to the
HI100A Concentric Tube Heat Exchanger Main Menu by clicking the End and Back keys.

Once back at the main menu the user can opt to record more data in another experiment on the same
heat exchanger or review the data recorded during the preceding experiment. Alternatively the user

can return to the H100 Main Menu by continuing to click the Back key and the select to use another
opfional heat exchanger if available,
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