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Nomenclature 

Variables Description Units 

Qc …………………………....……..Heat duty for cold fluid………....………….………….…...W 

 

Qh …………………….………....…..Heat duty for hot fluid………….……………………….....W 

 

Ql …………………………………………Heat loss……….…………………………………….W 

 

mc ……………………………….Mass flow rate for cold fluid…………………………………g/s 

 

mh ………………………....……..Mass flow rate for hot fluid……………………………….....g/s 

 

Cp ………………………....………..Heat capacity of fluid…………………………………….J/kg 

 

∆Tlm……………Log mean temperature difference (∆T2-∆T1)/ln(∆T2/∆T1)………………….ºC 

 

U…………………..…………..Overall heat transfer coefficient……….…....….…….…W/(m2 ºC) 

 

A………………………...………..Heat transfer surface area…………..…….……………..…..m2 
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     1.0  Introduction - Shell and tube heat exchangers are the most widely used industrial heat exchanger. 

The purpose of a shell and tube heat exchanger is to facilitate the transfer of heat between two 

liquids of differing temperatures. Their large ratio of area available for heat transfer to overall 

volume flow makes them a popular choice for engineers [1]. Shell and tube heat exchangers are 

generally used in large chemical processes for the heating or cooling of water, oil, gas, or other 

process fluids [2]. They can also serve the same purpose in a variety of smaller scale operations. 

Small shell and tube heat exchangers are utilized heavily during the scale-up process of reactions 

at pilot plants [2]. They are versatile tools that can be easily modified to fit specific applications. 

 

 In all shell and tube heat exchangers, one fluid flows through the shell and another fluid flows 

through tubes inside of the shell. Figure 1 shows the small shell and tube heat exchanger used in 

this experiment. The outer red component is the shell which contains the hot fluid. The tubes 

containing the cold fluid are located inside of the shell. 

 

 

Figure 1.  Shell and tube heat exchanger used for experiment. 

 

 During operation, heat flows from the higher temperature fluid to the lower temperature fluid by 

conduction through the tube walls. Modeled by the equation 

     Qh = Qc + QL,                                                                   (1) 

the overall heat transfer of this process is composed of the heat input to the cold side flow (Qc), 

the heat loss from the hot side flow (Qh), and the additional heat loss to the environment (QL). 

Because the hot side fluid is at a greater temperature than the surroundings and the shell is not well 

insulated, a significant amount of heat is lost from the system leading to a considerable QL.  
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The equation that gives the cold side heat duty is 

  Qc = mc ∙ Cp ∙ ∆T,                                                     (2) 

and the equation that gives the hot side heat duty is 

Qh = mh ∙ Cp ∙ ∆T,                                                        (3) 

where mc and mh are the mass flow rates of the cold and hot side fluids respectively, Cp is the 

specific heat capacity of the fluid, and ∆T is the temperature difference between the inlet and outlet 

stream for either relevant side. The equations illustrate that the individual heat duties can be 

manipulated by varying the mass flow rates of the fluids. Ultimately, the process can be analyzed 

as a whole by computing the overall heat transfer coefficient, U. This value can be calculated using 

the equation, 

Qc = U ∙ A ∙∆Tlm ∙F                                                (4) 

where A is the heat transfer area, ∆Tlm is the log mean temperature difference, and F is the 

correction factor. Using these equations, one can study the effects of changing process variables 

such as the fluid type, the heat transfer surface area, or the mass flow rates of either the hot side of 

cold side streams on a shell and tube heat exchanger. 

 

 This project focuses on analyzing the effects of altering the flow rates of the process fluids on a 

small shell and tube heat exchanger. In this lab, water was used as the hot, shell-side fluid and the 

cold, tube-side fluid. Several trials were run where the shell-side flow rate was varied while the 

tube-side flow rate was kept constant. Trials were also run where the tube-side flow rate was varied 

and the shell-side flow rate was kept constant. The objectives of this lab were to analyze the effects 

of these variations on the steady-state heat duties and overall heat transfer coefficient of the heat 

exchanger for each case. 

 

2.0  Experimental Methodology 

 

     2.1  Equipment and Apparatus – A small shell and tube heat exchanger was used to carry out 

the technical objectives in the experiment to determine how varying the tube-side and shell- 

side flow rates affected the overall heat transfer coefficient of the heat exchanger. The 

actual heat exchanger equipment is shown in Figure 2.     
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Figure 2.  Actual Equipment Used in the Experiment 

 

The main parts of the equipment include a chiller, heater, tube and shell valves, 

thermocouples, and small shell and tube heat exchanger. The apparatus allows for the 

control of two variables, tube-side flow and shell-side flow. During the experiment, the 

tube-side, cold flow moves through the chiller that cools it to 20 degrees Celsius. After the 

cooling process, the tube-side valve was used to set the tube-side flow to the required flow 

rate that enters the small shell and tube heat exchanger. The shell-side, hot flow enters a 

heater that warms the shell-side flow. Like the tube-side flow, the shell-side flow was also 

controlled by a valve, the shell-side valve, to set its desired flow rate into the small shell 

and tube heat exchanger. The two flows then enter the heat exchanger, diagrammed in 

Figure 3, where heat transfer takes place and tube and shell input and output temperatures 

are measured by thermocouples. 

 

THERMOCOUPLES 

TUBE-SIDE VALVE 

CHILLER 

SMALL SHELL AND TUBE HEAT EXCHANGER 

SHELL-SIDE VALVE 

HEATER 
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Figure 3 [3].   A Cross Section of a Shell and Tube Heat Exchanger 

 

As shown in Figure 3, there is an inlet and outlet for both the tube, cold side, and the shell, 

hot side.  Water is used as the fluid for both inlets in this experiment. During operation, 

cold water flows through the tubes while hot water flows outside of the tubes through the 

shell. The baffles help support the tubes and stabilize them during flow-induced vibrations 

[1]. They also serve the key function of guiding the shell-side flow, which maximizes heat 

transfer [1]. Because the fluids are held in separate containers, they never physically mix. 

Heat transfer results from the contact of the shell flow with the tubes containing the tube 

flow.  The heat from the hot fluid is transferred to the tubes of the cold flow by conduction 

and then transferred to the water flowing through the tubes.    

 

     2.2  Experimental Procedures – The first technical objective was to evaluate the effect of the 

tube-side flow rate on the steady state heat duty and the overall heat transfer coefficient of 

the heat exchanger.  The data needed for this evaluation were found by varying the tube-

side flow rate and keeping the shell-side flow rate constant. The tube-side flow rate was 

varied by changing the percent opening in the tube valve. For the first objective the shell-

side valve was held constant at 50% open because only the tube flow was being varied. 

 

For the first trial, the tube-side valve was set to 10% open while the shell-side valve was 

set to 50% open. The flow rates were held constant until the system reached steady state. 

Steady state in this experiment was defined as the stabilization of both outlet temperatures. 



8 
 

The temperatures were captured by thermocouples linked to software where they could be 

monitored to determine when steady state was reached. When the graphed temperature 

lines of both the shell and tube outlet streams leveled off, it was clear that the system was 

at steady state. Once steady state was reached, the tube side was set to 30% open until 

steady state was reached.  The tube-side valve was then set to 60% open and 100% open, 

and in both cases steady state was reached before continuing. 

 

        The second technical objective was to analyze the effect of the shell-side flow rate on the 

steady state heat duty and the overall heat transfer coefficient of the heat exchanger.  The 

same procedure was followed as in the first technical objective, but in this case the tube-

side flow rate was held constant and the shell-side flow rate was varied. The tube-side valve 

opening was held constant at 50% open and the shell side was set initially at 10% 

open.  After outlet temperatures reached steady state for the 10% open shell-side valve 

flow rate, the shell side was set to 30% open, 50% open, and 70% open, respectively.  For 

each of the varied shell valve openings, outlet temperatures were required to reach steady 

state before continuing. 

 

For both objectives, data needed to analyze the overall heat transfer coefficient of the heat 

exchanger was collected by the software program, LabVIEW, which arranged the data in 

a Microsoft Excel file.  The file contained information on the tube and shell flow rates, 

inlet and outlet temperatures, and the time in seconds.  The information was then used to 

complete the analysis described in the objectives. 

 

     3.0  Results – Data was recorded in LabVIEW and exported to Microsoft Excel. Each of the 

averaged values listed in Tables 1 through 3 were obtained by averaging the last ten data 

points in each trial. These ten data points for each parameter in each trial can be found in 

Appendix A-1. Each mass flow rate was found using the average volumetric flow rate of 

the shell and tube sides, dividing that number by sixty to convert it into liters per second, 

and multiplying by the density of water. Equations 2 and 3 were used to find the heat duty 

of the tube side and the hot side, respectively. The heat capacity (Cp) of water, 4.184 J/(g 
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°C), was used for each trial and each equation. ΔT was found by subtracting the incoming 

water temperature from the outgoing water temperature for each heat duty. 

 

After the heat duty was found from Equations 2 and 3, Equation 1 was used to find the heat 

lost to the environment during each trial. Since the shell of the heat exchanger was exposed 

to the surroundings and the temperature of the shell was greater than the outside 

temperature, heat from the shell diffused to the surrounding air. This loss in heat was 

calculated using Equation 1. Equation 4 was then used to find U, the heat transfer 

coefficient for each trial. All calculated values can be found on Appendix A-1. 

 

Tables 1 through 3 show the results of the collected data. Detailed calculations of the first 

trial, tube side open 10% and shell side open 50%, can be found in Appendix A-2.  

 

TABLE 1 

Results of the First Technical Objective (First Trial) 

 

 

TABLE 2 

Results of the Second Technical Objective 
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TABLE 3 

Results of the First Technical Objective (Second Trial) 

 

 

Figures 4 through 12 describe the information in Tables 1 through 3.  

 

 

Figure 4.  Qh (W) against Tube-Side Flow Rate (L/min) (From Table 1) 
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Figure 5. Qc (W) against Tube Side Flow Rate (L/min) (From Table 1) 

 

 

Figure 6.  U (W/m2·⁰C) against Tube Side Flow Rate (L/min) (From Table 1) 
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Figure 7.  Qh (W) against Shell Side Flow Rate (L/min) (From Table 2) 

 

 

Figure 8.  Qc (W) against Shell Side Flow Rate (L/min) (From Table 2) 
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Figure 9.  U (W/m2·⁰C) against Shell Side Flow Rate (L/min) (From Table 2) 

 

 

Figure 10.  Qh (W) against Tube Side Flow Rate (L/min) (From Table 3) 
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Figure 11.  Qc (W) against Tube Side Flow Rate (L/min) (From Table 3) 

 

 

Figure 12.  U (W/m2·⁰C) against Tube Side Flow Rate (L/min) (From Table 3) 

 

4.0   Analysis and Discussion of Results - The first technical objective involved changing the 

percentage opening of the tube-side valve (10%, 30%, 60% and 100%) while holding the 

shell-side flow rate constant at 50%.  This varied the rate at which cold water entered the 

small shell and tube heat exchanger. Each time the valve in the tube side was opened, the 

flow rate of water was expected to increase because more water was able to pass through. 

The collected data in Table 1 showed that the flow rate indeed changed as the valve opened.  
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For each trial, the temperatures at each water entry and exit point were recorded using 

thermocouples. As the amount of cold water entering the heat exchanger increased, the 

temperature of the hot water leaving decreased. This was because the additional cold water 

was able to absorb more of the heat from the shell-side inlet stream. The temperature of 

the hot water entering the exchanger also decreased as the tube-side valve was opened. 

Because the flow rate was continuous and the water of the shell side was recycled, the 

heater for the shell side was not able to raise the temperature of the recycled water to the 

initial entry temperature. Since the flow rate of the tube side was increasing, it was expected 

that the temperature of the stream exiting the cold side would decrease. Because the tube-

side flow rate was increased, the exchanged heat was dispersed through more water. 

 

One of the goals of the technical objectives was to analyze the effects of varying the 

respective flow rates on the heat duty of the hot and cold sides as well as the heat lost. The 

heat duties for the hot and cold sides refer to the transfer of heat for each respective side. 

Shown in Equation 3, the heat duty of the hot side depended on the temperature difference 

between the shell-side inlet and outlet, which was due to the exchange of heat, the mass 

flow rate, and the specific heat capacity of water. As the tube-side flow rate was increased 

for each trial, Qh and Qc both initially increased. After reaching an optimum point, the heat 

duties decreased. This is shown in Figures 4 and 5, respectively. The heat duties reached a 

maximum measured value at 30% open. Equation 2 was used to solve for the heat duty of 

the cold side and was also dependent on the same parameters as Equation 3.  Since the 

same heat exchange occurred between the shell side and tube side, it was expected to see 

this same trend.  

 

This result was unexpected. It was expected that the heat duties would continuously 

increase with the increasing flow rate. This may suggest that there is an ideal state in which 

the heat duties are the most effective in response to the flow rates. Since there was more 

water flowing through the system as the valve opening was increased, there was more heat 

flowing through the system, but the water was not flowing slow enough to allow an 

adequate amount of time for the heat to be transferred from the hot to the cold. 
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In an ideal situation, the heat entering the system needs to be equal to the heat leaving the 

system.  As observed in the data, Qc and Qh were different.  This was because of heat loss 

in the shell side due to lack of insulation.  Therefore, Equation 1 was used to calculate heat 

loss (QL). When heat (Q) is lost from a system, the value of Q is negative, which explains 

why QL from the calculations is negative as shown in Table 1. These values were based 

upon Qh and Qc, which was why there was once again an increase when the valve was 

opened to 30% and a decrease afterwards. 

 

The second technical objective was to keep the tube-side valves at a constant opening while 

varying the shell-side valves of the heat exchanger. This analysis offers a perspective on 

the effects of changing the flow rates of the hot side of a heat exchanger instead of varying 

the cold side. As the valves of the shell side expanded to let more hot water through the 

small shell and tube heat exchanger, the flow rate increased as shown in Table 2. This is 

because the valves were less restricted and the water could flow at a higher rate. 

 

At the outlet of the shell-side flow, the temperature increased very slightly as the valve 

expanded. According to the results, the temperature increased only by about 0.1 ⁰C for 

each trial. This happened because when volumetric flow rate increased, the mass flow rate 

also increased. Since more mass flows through the shell side when the valves open up, the 

tube side has to cool down more hot water, which increases the temperature at the end of 

the shell side. The temperature of the inlet shell-side stream decreased for each trial. This 

is most likely because the heater that the hot water runs through was not able to increase 

the temperature to the initial temperature before cooling. The same water was recycled for 

each trial, so this was an apparent issue. The temperature of the tube-side inlet stayed about 

the same for each trial because the valve was not changed for the tube side during these 

experiments, and the chiller cooled at a constant rate throughout the trials. The outlet 

temperature for the tube side, on the other hand, increased as the shell-side valve increased. 

This was because as more hot water went through the heat exchanger, more heat was 

transferred to the cold water, thereby increasing the temperature of the cold water in the 

tube side. 
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The heat duties for each trial were also calculated. As the shell-side valves expanded, Qh 

increased in magnitude. According to Equation 3, if the mass flow rate of the hot water, 

mh, increases, the heat duty (Qh) of the shell side is also going to increase, as shown in 

Figure 7. When the valve opened, more hot water flowed through the heat exchanger, 

causing this effect. The value of Qh was negative because the temperature of the hot water 

decreased as it moved through the heat exchanger, creating a negative ∆T value. Qc also 

generally increased as the shell-side valve expanded, as shown in Figure 8. This is because 

∆T for the tube side increased in value for each trial except for the last. These increases in 

∆T, therefore, increased Qc according to Equation 2. However, the last trial strayed from 

the others, as ∆T decreased in this case. This could be due to the loss of heat to the 

surroundings, which would make the temperature at the outlet tube-side stream decrease. 

Regarding QL, the value increased for each trial, as shown in Table 2. This makes sense 

because as the shell-side valve expands more for each trial, more hot water travels through 

the heat exchanger. Because of this, the heat from the shell side diffuses into the air through 

the metal that encloses the heat exchanger at a higher rate, allowing for QL to increase as 

flow rate increases. 

 

When the shell side was left at 50% open, the tube-side heat duty, Qc, was at a maximum, 

as shown in Figure 8. This adds to the suspicion that there is a point at which the heat duty 

is the most effective. The reasoning for this is the same as explained above for the trials in 

which the tube-side flow rate was varied.  

 

After completing the two technical objectives, the first objective was repeated. The flow 

rate of the shell side was once again held at 50% open while the tube side varied at 10%, 

30%, 60% and 100%. The same results were expected for each trial. Table 3 shows the 

results of this objective. 

 

The temperature for the tube-side inlet stream was essentially constant for each trial since 

it was continuously cooled chiller. The tube-side outlet stream temperature decreased, 

which caused the change in tube-side temperature to decrease. This was the same result as 
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before. Once again, the change in the shell-side temperature was almost the same for each 

variance. 

 

The heat duty was calculated for both the tube side and the shell side. The largest heat 

exchange occurred when the valve was opened to 30% giving a peak in the heat duties, as 

seen in Figures 10 and 11. After that point, both heat duties decreased. After performing 

this objective for the second time, the trends remained the same. This means that there must 

be a maximum value for each heat duty. Although the data showed a maximum heat 

transfer at 30% open, this does not mean that this point is the optimum point. There may 

have been a value in between 30% open and 60% open that showed a max, as shown in 

Figures 10 and 11. One trial that was not performed during this first objective was when 

the tube and shell side were both open to 50%. The results from the second objective when 

both valves were 50% open showed a greater heat duty value. Therefore, a maximum heat 

duty could occur when the tube side and shell side flow rates are both equal. This explains 

why there was not a consistent increase in heat duties. Overall, the heat duties and the heat 

loss were similar for both trials of the first technical objective. 

 

To complete the technical objectives for this experiment, the overall heat transfer 

coefficient, U, was calculated and analyzed. The heat transfer coefficient provides a quick 

and easy way to visualize how changing the flow rates impacts the heat transferred between 

the hot and cold water in the small shell and tube heat exchanger. The overall heat transfer 

coefficient depends on properties of both the tube material and the liquid flow. This 

experiment was completed without changing the liquid medium or the shell and tube 

material, so the heat transfer coefficient can be calculated easily using the cold-side heat 

duty, the heat transfer area for the tubes (50 square inches), the log mean temperature 

difference, and a correction factor of 0.96 since the system was not completely insulated. 

The log mean temperature can be calculated by dividing the difference between ∆T2 and 

∆T1 by the natural log of the quotient of dividing ∆T2 by ∆T1. The equation is 

  ∆Tlm = (∆T2-∆T1)/ln(∆T2/∆T1), (5) 
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where ∆T2 is the difference between the temperature of the shell-side inlet and the tube-

side outlet, and ∆T1 is the difference between the temperature of the shell-side outlet and 

the tube-side inlet. 

 

Equation 4 is used to solve for variable U, the overall heat transfer coefficient. The heat 

transfer coefficient essentially represents how effectively heat is transferred from one 

substance to another. In this experiment, it represents how effectively heat was transferred 

between the hot shell side and the cold tube side. Generally, higher values for U indicate 

that heat was transferred more effectively while lower values of U indicate that the heat 

transfer is not as efficient or effective. Figures 6, 9, and 12 show how U changed for each 

objective as flow rate increased. To support what was previously stated, generally, 

increasing the flow rate of either the shell side or the tube side causes a larger change of 

temperature for both hot and cold streams, until a certain point. After this optimum point, 

if you increase the flow rate any more, the temperature change will decrease. If the fluid is 

flowing through the system very quickly, having a large flow rate, then the time that the 

fluid has in contact with the shell and tube is significantly less. This equates to a smaller 

timeframe to transfer the heat, which results in a smaller temperature change. Until this 

optimum point, increasing the flow rate directly relates to an increase in the change in 

temperature. After the optimum point, change in temperature will decrease. 

  

For the first technical objective, the lowest overall heat transfer coefficient, 1523.15 

W/(m2·⁰C), was found when the tube side was 10% open and the shell side was 50%. The 

largest overall heat transfer coefficient, 2170.33 W/(m2·⁰C), was found when the tube side 

was 100% open and the shell side was 50% open. Again, this supports that increasing the 

flow rate allows more heat transfer to occur, since more mass is flowing through the system 

in a given time. This allows for more heat to be transferred, which increases the overall 

heat transfer coefficient. Similar results were found for the second technical objective. The 

smallest heat transfer coefficient, 1450.02 W/(m2·⁰C), was found when the tube side was 

50% open and the shell side was 10% open. The largest heat transfer coefficient, 2136.94 

W/(m2·⁰C), was found when the tube side was 50% open and the shell side was 70% open.  

 



20 
 

Figures 6, 9, and 12 show that the overall heat transfer coefficient (U) seems to begin to 

level off as the flow rate of the shell and tube sides increase. This is because the pipes have 

limits to how much water can flow through them. For instance, the valves cannot be opened 

to 200%. So as the valves were opened, the heat transfer coefficient began to reach its 

threshold for the specific heat exchanger that was used. To increase heat transfer, one could 

either increase surface area or change the fluid to something denser than water in order to 

increase the mass flow rate, because the exchanger can only feed so much liquid (100% 

open valves). 

 

    5.0   Summary and Conclusions - In these experiments, the effects of flow rates on heat transfer 

in a small shell and tube heat exchanger were examined. The two technical objectives of 

this procedure were to evaluate the effect of the tube-side flow rate on the steady state heat 

duty and the heat transfer coefficient and to evaluate the effect of the shell-side flow rate 

on the steady state heat duty and the heat transfer coefficient. 

 

A small shell and tube heat exchanger was used with water as both the hot shell side and 

cold tube-side fluid. To achieve the first objective, the flow rate of the tube side was varied 

while the flow rate of the shell side was kept constant at 50% open. A trial was performed 

with the tube side at 10% open, 30% open, 60% open, and 100% open. For the next 

objective, the flow rate of the hot shell side was varied while the flow rate of the cold shell 

side was kept constant at 50% open. A trial was performed with the shell side set at 10% 

open, 30% open, 50% open, and 70% open. 

 

When the tube-side flow rate was varied, the heat duty for the cold side and hot side reached 

highest magnitudes at 30% open. This was also where the magnitude of heat loss was the 

highest. When the shell-side flow rate was varied, the heat duty for the hot side and the 

heat loss increased in magnitude as flow rate of the shell side increased. The heat duty for 

the cold side reached a maximum when the shell side was 50% open. Heat loss was large 

when heat duty for the hot side was large in both experiments. 
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As the tube-side flow rate increased, the overall heat transfer coefficient also increased. 

The same trend occurred as the shell-side flow rate increased. The heat transfer coefficient 

measures the effectiveness of heat transfer. It appears that increasing the flow rate of either 

fluid will increase the effectiveness of heat transfer. 

 

On a larger scale, these trends may be different for a number of reasons. One reason for a 

difference in the effectiveness of heat transfer is better insulation, which would minimize 

the heat loss. Another difference could come from a greater surface area for heat transfer 

in the tubes. Differences might also be observed for different fluids or for a small shell and 

tube heat exchanger made of different materials. However, on the scale of the small shell 

tube and heat exchanger that was used in this lab, it can be concluded that higher flow rates 

in the tube side and in the shell side will lead to the most effective heat transfer. 

 

 6.0   References 

[1] K.J Bell. A.C. Mueller. (2015). “Construction of Shell and Tube Heat Exchangers.” 

Wolverine Heat Transfer Data Book. (online book). http://www.wlv.com/wp-

content/uploads/2014/06/databook/ch1_4.pdf  

[2] “Heat Exchangers.” (2014). Encyclopedia of Chemical Engineering Equipment. (online 

encyclopedia). 

http://encyclopedia.che.engin.umich.edu/Pages/HeatTransfer/HeatExchangers/HeatExcha

ngers.html  

[3] “Types of Heat Exchangers.” (2011, June 7). Chemical Engineering Blog Spot. (online 

article). http://chemicalengineeringdata.blogspot.com/2011/06/types-of-heat-

exchangers.html 

 

 

 

 

 

 

 

http://www.wlv.com/wp-content/uploads/2014/06/databook/ch1_4.pdf
http://www.wlv.com/wp-content/uploads/2014/06/databook/ch1_4.pdf
http://encyclopedia.che.engin.umich.edu/Pages/HeatTransfer/HeatExchangers/HeatExchangers.html
http://encyclopedia.che.engin.umich.edu/Pages/HeatTransfer/HeatExchangers/HeatExchangers.html
http://chemicalengineeringdata.blogspot.com/2011/06/types-of-heat-exchangers.html
http://chemicalengineeringdata.blogspot.com/2011/06/types-of-heat-exchangers.html


22 
 

Appendix A-1 

Experimental Data 

 

As stated in the “Results” section, the each averaged value in the Microsoft Excel charts was 

obtained using the last ten data points in each trial run to ensure that the system was at 

equilibrium. The data used for each trial are displayed in Tables A-1.1 through A-1.12. 

 

Table A-1.1 

Tube Side: 10% Open, Shell Side: 50% Open (First Trial) 

 

 

Table A-1.2 

Tube Side: 30% Open, Shell Side: 50% Open (First Trial) 
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Table A-1.3 

Tube Side: 60% Open, Shell Side: 50% Open (First Trial) 

 

 

Table A-1.4 

Tube Side: 100% Open, Shell Side: 50% Open (First Trial) 
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Table A-1.5 

Tube Side: 50% Open, Shell Side: 10% Open 

 

 

Table A-1.6 

Tube Side: 50% Open, Shell Side: 30% Open 
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Table A-1.7 

Tube Side: 50% Open, Shell Side: 50% Open 

 

 

Table A-1.8 

Tube Side: 50% Open, Shell Side: 70% Open 
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Table A-1.9 

Tube Side: 10% Open, Shell Side: 50% Open (Second Trial) 

 

 

Table A-1.10 

Tube Side: 30% Open, Shell Side: 50% Open (Second Trial) 
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Table A-1.11 

Tube Side: 60% Open, Shell Side: 50% Open (Second Trial) 

 

 

Table A-1.12 

Tube Side: 100% Open, Shell Side: 50% Open (Second Trial) 

 

 

Tables A-1.13 through A-1.24 show every calculated value that was used to obtain the 

results. 

 

 

 

 

 

 



28 
 

 

Table A-1.13 

Tube Side: 10% Open, Shell Side: 50% Open (First Trial)  

 

 

Table A-1.14 

Tube Side: 30% Open, Shell Side: 50% Open (First Trial)  
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Table A-1.15 

Tube Side: 60% Open, Shell Side: 50% Open (First Trial)  

 

 

Table A-1.16 

Tube Side: 100% Open, Shell Side: 50% Open (First Trial)  
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Table A-1.17 

Tube Side: 50% Open, Shell Side: 10% Open  

 

 

Table A-1.18 

Tube Side: 50% Open, Shell Side: 30% Open  
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Table A-1.19 

Tube Side: 50% Open, Shell Side: 50% Open  

 

 

Table A-1.20 

Tube Side: 50% Open, Shell Side: 70% Open  
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Table A-1.21 

Tube Side: 10% Open, Shell Side: 50% Open (Second Trial)  

 

 

Table A-1.22 

Tube Side: 30% Open, Shell Side: 50% Open (Second Trial)  
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Table A-1.23 

Tube Side: 60% Open, Shell Side: 50% Open (Second Trial)  

 

 

Table A-1.24 

Tube Side: 100% Open, Shell Side: 50% Open (Second Trial)  
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Appendix A-2 

Example Calculations 

 

The following calculations were used for the first trial, with the tube-side valve at 10% open and 

the shell-side valve at 50% open. 

The averages of each measured parameter: 

      𝑋 ̅ =  
∑ 𝑥𝑖

𝑛
𝑖=1

𝑛
                                                            (6) 

 

𝐶𝑜𝑙𝑑 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 (𝐿/𝑚𝑖𝑛) ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ =  
1.284+1.289+1.274+1.288+1.258+1.278+1.282+1.296+1.305+1.281

10
           (7) 

 

𝐻𝑜𝑡 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 (𝐿/𝑚𝑖𝑛)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ =  
3.886+3.897+3.847+3.868+3.804+3.877+3.881+3.881+3.854+3.880

10
             (8) 

 

𝐻𝑜𝑡 𝐼𝑛𝑙𝑒𝑡 𝑇𝑒𝑚𝑝 (0𝐶) ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ =  
47.432+47.568+47.662+47.491+47.518+47.532+47.542+47.403+47.437+47.432

10
  (9) 

 

𝐻𝑜𝑡 𝑂𝑢𝑡𝑙𝑒𝑡 𝑇𝑒𝑚𝑝 (0𝐶) ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ =  
41.541+41.589+41.641+41.602+41.598+41.590+41.635+41.561+41.536+41.564

10
         (10) 

 

𝐶𝑜𝑙𝑑 𝐼𝑛𝑙𝑒𝑡 𝑇𝑒𝑚𝑝 (0𝐶) ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ =  
20.961+20.980+20.993+20.941+21.000+20.972+21.004+20.944+20.964+20.965

10
         (11) 

 

𝐶𝑜𝑙𝑑 𝑂𝑢𝑡𝑙𝑒𝑡 𝑇𝑒𝑚𝑝 (0𝐶) ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ =  
30.738+30.768+30.806+30.817+30.794+30.795+30.825+30.781+30.748+30.785

10
      (12) 

 

The volumetric flow rates were then converted to mass flow rates in grams per second by 

 

𝑚𝑐̇ =  
1.2835 𝐿

𝑚𝑖𝑛
∗

1 𝑚𝑖𝑛

60 𝑠
∗

1000 𝑔

𝐿
= 21.391 𝑔/𝑠                               (13) 

𝑚ℎ̇ =  
3.8675 𝐿

𝑚𝑖𝑛
∗

1 𝑚𝑖𝑛

60 𝑠
∗

1000 𝑔

𝐿
= 64.458 𝑔/𝑠 . (14) 

 

The differences in the inlet and outlet temperatures for the shell and tube sides were then 

calculated by 

∆𝑇ℎ =  41.5857 − 47.5017 =  −5.916 °𝐶    (15) 

                                                ∆𝑇𝑐 =  30.7857 −  20.9724 =  9.813 °𝐶.                                 (16) 

The heat duties for the tube (cold) side and the shell (hot) side were then calculated using  

                                 𝑄𝑐̇ = (21.392
𝑔

𝑠
) ∗ (4.184

𝐽

𝑔∗°𝐶
) ∗ (9.813 °𝐶) = 878.317 𝑊                   (17) 
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       𝑄ℎ̇ = (64.458
𝑔

𝑠
) ∗ (4.184

𝐽

𝑔∗°𝐶
) ∗ (−5.916 °𝐶) = −1595.508 𝑊. (18) 

Using these two values, the heat lost to the environment was calculated using 

𝑄𝐿̇ = −1595.508 𝑊 + 878.317 𝑊 =  −717.191 𝑊. (19) 

Then the log mean temperature difference was calculated by 

                                 ∆𝑇𝑙𝑚 =  
47.5017−30.7857−41.5857+20.9724

ln (
47.5017−30.7857

41.5857−20.9724
)

= 18.600 °𝐶. (20) 

Afterwards, the overall heat transfer coefficient, U, was calculated using 

                            𝑈 =  
878.317 𝑊

(0.0323 𝑚2)∗(18.600 °𝐶)∗(0.96)
= 1523.152 𝑊/(𝑚2 ∗ °𝐶). (21) 

 


