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Introduction 

It has been shown in studies [1] that temperature changes in an office environment can 
cause a negative effect on the productivity up to 9%. With that being stated in this study a 
high efficiency and appropriately sized shell and tube heat exchanger will be designed.   

There are two shell and tube exchangers in the loop first one being, the one that take in the 
outside air at a temperature of 0 ⁰C and heats it to 20 ⁰C is using water on the tube side. The 
second one is the one that will be designed.  This one recover heat from the air in the office 
at 20 ⁰C before it is ejected outside at the same intake rate on 90 m3/min this energy is 
transferred using the Shell and tube heat exchanger to the tube side water pre heating it. 
This process called a run around system which provides 10kW of energy in this case, which 
is the heat transfer rate for this second heat exchanger. This run around system also 
reduces heating costs.  

In the design for this shell and tube heat exchanger there are a few variables which will need 
to be assumed to a reasonable degree, namely flowrate, intake and exit temperatures of the 
tube side water. A suitable geometry complying with the TEMA standards will be achieved in 
this study. Lastly heat transfer coefficients for the shell side and tube side must be 
estimated. 

Methodology 

To solve the proposed problem this study will use a multi-step process inspired by one found 
in  [2, pg. 865]. 

Step 1 Specification and Tube side assumptions: 

Identify the specification of the Heat exchanger in this case, on the shell side air is moving at 
a volumetric flowrate of 1.5 m3/s, intake temperature of 20⁰C, Specific heat capacity of 1005 
J/Kg 0C and a density of 1.225 Kg/m3, Lastly the energy output of the heat exchanger is 10 
kW 

Using the formula for Duty below, the outgoing temperature for air is found: 

Q=ṁhotCp,hot(Tin,hot−Tout,hot)=ṁcoldCp,cold(Tout,cold−Tin,cold) 

Using the same formula knowing that the specific heat capacity of the water tube side is 
4200 J/Kg 0C and setting the intake temperature to 5 0C and the out-going temperature to 15 
0C.  A mass flowrate of 0.238 Kg/s is found. 

Step 2 Assumption for Overall heat transfer Coefficient: 

A reasonable assumption for the Overall heat transfer coefficient of 200 W/m2 0 C as its on 
the higher end of the 20 - 300 range taken from [2, pg. 826] 

Step 3a initial configuration:  

A configurating for the Heat exchanger is chosen following the TEMA guidelines and 
application. For the first iteration is a 1 shell 2 pass Tema G type heat exchanger 

3b Calculating ΔTlm , P, R and F: 

Calculating ΔTlm  , P and R using their respective  formula below which in this case yields 
7.05 yielding 0.36 and 1.85 respectively for this scenario. 

 

  

 With the parameters above A correction factors can be 
determined this can be done manually using the tables [2] or using an online tool [3] which 
was used in this study. For this case the correction factor is  0.9548. 

𝑅 =  
𝑇1 − 𝑇2

𝑡2 − 𝑡1
 

 

𝑃 =  
𝑡2 − 𝑡1

𝑇1 − 𝑡1
 

 

Δ𝑇lm =  
(𝑇1 − 𝑡1) − (𝑇2 − 𝑡2)

𝐿𝑛(
(𝑇1 − 𝑡1)
(𝑇2 − 𝑡2)
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Step 4 Calculating area Required: 

Use formula to the right using values from previous steps. In 
this case Area required is 7.4 m2. 

Step 5 Tube side layout and tube size: 

Decision for length, inner and outer tube diameter , material  ,pitch and head type must be 
decided. In this initial design a length of 3.5 m, inner diameter of 14.8mm and outer of 19mm 
with a pitch of 1.25 equalling 23.75mm, aluminium and a floating head type was chosen. 

Step 6 Number of tubes and tube side velocity: 

 The cross-sectional area of and individual tubes is calculated using SA = π r l and then 
divided by the Areq found in step 4 in this case a minimum of 35.5 was required so 36 tubes 
will be used. 

In this step we also calculate the tube side velocity by finding the tubes cross sectional area 
and then multiplying it by the number of tubes in one pass this is then divided by the 
volumetric flow rate of the fluid in this case 0.8m/s. 

Step 7 Bundle diameter: 

 This is calculated by using the formula to the right from [2, pg. 837]. 

In this case 181mm given a floating head is being used 56mm of 
clearance is added giving 237mm. 

Step 8 Tube side coefficient: 

Since water is being used tube side , This formula on the 
right [2 , pg. 850] can be used to calculate the heat 
transfer coefficient tube side. In this example hi= 456 W/ 
m2 0C 

Step 9 Shell side coefficient: 

Firstly, Baffle spacing is chosen which is  between 0.1-0.5  as well as the baffle cut between 
15 and 45. In this instance 0.2 and 25 respectively. Cross flow is then Calculated using the 
As formula. Next the shell-side equivalent diameter (hydraulic diameter) de is found using its 
respective formula. Lastly Reynolds number is also calculated. These values are then 
entered in the hs formula giving us the Shell side heat transfer coefficient hs= 891 W/m2 0C 
[2,pg. 857] 

Step 10 Overall heat transfer coefficient   

The formula below [2, pg. 824] is used to calculate the Overall heat transfer coefficient. 
OHTC = 227 W/m2 0C 

 

                                                       

Step 11 Pressure drop 

The formulas below [2, pg. 851, pg. 857] are used  to calculate the pressure drops on the 
tube and shell side respectively. 
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Results: 

Using the formulas provided in the methodology a python code was written in such a way 

that values can be input and multiple configurations simulated in a short amount of time 

which can be found in the appendix of this study (Fig. 4-6). The assumption made in the 

methodology section of this study will carry over to the configuration tested and only the 

independent variable highlighted have been changed. 

Results 

Test No. 1 2 3 4 

Configuration  G E G Tube in tube 

Number of passes  2 2 2 1 

Tube length (m) 3.5 3.5 2 479.638023 

Tube outer diameter (mm) 19 19 16 19 

Tube inner diameter (mm) 14.8 14.8 10.4 14.8 

Area required 7.43 9.19 7.43 7.09864274 

Number of tubes 36 48 96 1 

tube side velocity (m/s) 0.076 0.057 0.072 1.39 

Shell diameter (mm) 237 262 272 28.5 

Tube side coeffient (W/ m2 oC ) 456 362 464 200 

Shell side heat transfer coeffient (W/ m2 oC ) 891 770 872 200 

OHTC (W/ m2 oC ) 227 188 201 98 

Pressure drop Tube (Pa) 115 36 23 177000 

Pressure drop Shell (KPa) 70914 34083 32001 117080 

 

 

The table (Fig. 1) above shows the different configuration that were simulated using the 

code. The Independent variable is the row in the light green and dependent variable are in 

light orange except for the tube and tube which maintain the same standard except for 

number of tubes and tube length. 

The above scenarios have been ran using aluminium as the tube material as in an office 

environment the incoming water can be monitored to ensure its not in contact with other 

material to eliminate the risk of aluminium galvanic corrosion. This was done as a cost 

reducing measure as copper piping would be magnitude of time more expensive while only 

having a modest more conductivity. When running test outside of the above presented no 

major difference in OHTC was found when keeping other parameters identical. 

Carbon steel shell at 9.3 mm shell thickness was also chosen as it amongst the cheapest 

material that can be used which ensuring that it can withstand the pressure inside the shell 

excluding the tube in tube heat exchanger. 

The first system is based exactly on the sample calculation in the methodology and will be 

the base configuration. Given that the air is being discharged at a high-rate pressure drop on 

the shell side is sure to be high. The G type configuration was chosen as the base 

configuration as it is used when minimising shell side pressure drop is a priority [5]. It also 

yielded the highest correction factor for the set temperature which corresponds to a lower 

Areq amongst all the 2 pass configurations. This configuration yielded a higher than predicted 

Overall heat transfer coefficient. However, it came at the cost of having the highest pressure 

drop shell side at 70 MPa. This is due to requiring the least number of tubes. 

Fig. 1 Results table 



Following this system an alternative configuration was run which is the most commonly used 

[5] that being E type. All other parameters stayed the same including tube size and length. 

This resulted in lower tube side velocity, more tube needed, lower tube side and shell side 

coefficient and therefore lower Overall heat transfer coefficient. 

The third system was a result of a few attempts through trial and error with the code in the 

appendix (Fig 2-4). This system uses a G type Shell with 2 passes however, the tube length 

is 2 meter the outer diameter of the tube is 16mm and the tube thickness is 2.8mm. This 

configuration requires more tubes than the first system which increases the shell diameter 

which consecutively yield the lowest shell pressure drop at 32MPa. This is true while also 

having a higher tube side heat transfer coefficient and matching and slightly exceeding the 

estimated overall heat transfer coefficient at 201 W/ m2 oC. This Shell and tube exchanger is 

the most balanced out of the others presented. 

Looking at the tube in tube design, we can observe that given all the heat need to be 

dissipated by one singular tube the system justly becomes extremely long. Consequently, 

shell for this heat exchanger is quite small at 28mm, the major problems with this design 

continue as the overall heat transfer coefficient is 98 W/ m2 oC which is less than 50% the 

originally assumed Heat transfer coefficient. Finally, the pressure drop is also astronomical 

both tube side and shell side at 177000 Pa tube side and 117080 kPa shell side. 

 

 

 

 

  

Fig. 2 System 3 cross section   

Fig. 3  System 3 cross section  without tubes 

 



Conclusions: 

This study had the aim to design a shell and tube heat exchanger to recover waste heat from 

the office air as part of a run around system for an office environment which is used to 

reduce the energy consumption when heating the office in the colder months. This aim was 

successfully archived by analysing the given scenario and a cost efficiency and up to 

standard system has been proposed which recovers 10kW of energy that would have 

otherwise been wasted to the environment. This proposed design adheres closely with the 

TEMA standards. This was possible by making reasonable assumptions based on current 

design that are being used in the real world and prioritising the overall heat transfer 

coefficient.  

The findings from the several iterations simulated systems highlights the relationship 

between heat transfer coefficients and pressure drop. As system 1 a G-type shell with 2 

passes produced the highest Overall heat transfer at 227 W / m2 oC however it also had the 

highest pressure drop on the shell side at 70 MPa. This suggests that optimalization is 

required to balance the two variables. 

The E-type shell was the second system tested as it is the most used in the industry which 

resulted in the lowest Overall heat transfer at 188 W / m2 oC  which is approximately 17% 

less than system 1 while requiring 33% more tubes.  

The tube in tube was practically unusable for the given scenario as it had overall heat 

transfer at 98 W / m2 oC while requiring a length of 480m which is unfeasible as nearly all 

offices do not have a HVAC room that is half a kilo meter in length. 

The most balanced and therefore the proposed design comes in the form of system 3 which 

is a G type shell and tube with 2 passes a smaller tube length of 2 meters and tube inner 

and outer diameters of 10.4mm and 16mm respectively. This system has the lowest shell 

side pressure drop at 32 MPa and slightly higher overall heat transfer at 201 W / m2 oC than 

required. 

To reduce the cost of the system which ensuring adequate heat transfer material selection 

played a key role and therefore aluminium tubes and carbon steel will be used for shell, with 

the only drawback being that the quality of the water must be controlled to avoid galvanic 

corrosion inside the tubes. 

To improve this proposed design simulation should be ran using more tube passes in the 

shell. This would decrease pressure drop while increasing surface area and could lead to a 

higher overall heat transfer for the system. Testing with larger diameter thicker walled tubing 

could also lead to an increase in overall heat transfer  due to the enhanced thermal 

conductivity. Lastly changing materials for the tubing to perhaps copper would be more 

costly upfront but reduce the maintenance from galvanic corrosion and given it has a higher 

thermal conductivity could lead to a higher overall heat transfer coefficient 
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Appendix – Sample calculation 

 

Fig. 4 IDLE script in python [4] part a 



 

Fig. 5 IDLE script in python [4] part b 



 
Fig. 6 Script ran in python [4]  


