ENGI 1331 – Project 2
Chemical Engineering Thermodynamics

Introduction

In this project, you will obtain background knowledge on thermodynamics, one of the most fundamental subjects in chemical engineering. Specifically, you will use thermodynamics to calculate the heat and work duties in a refrigeration cycle. A schematic of the refrigeration cycle is shown below. Note that mass flows in the direction of the arrows. For example, mass flows into the compressor in stream 2, and out of the compressor in stream 3. Also, please note that all streams have already been labelled.
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The goal of the refrigeration cycle is to cool down a certain external system. Heat is transferred from the external system to the refrigeration cycle at the evaporator. This QC is the heat that is removed from the external system and added to the refrigeration cycle. As you will learn in your thermodynamics course, this cannot be possible without adding work to the refrigeration system. This work, WCOM is added at the compressor. The goal of this project will be to determine QC and WCOMP given some user inputs.

Please be aware that it is not in the nature of chemical engineering problems to be infinitely variable. The problems you will generally be solving are bound by phase equilibria, energy flow, Gibb’s energy, and basic physics. This means that not every possible user input results in a problem that could physically exist. For that reason, do not be alarmed if, when testing your code, it does not provide “comprehensible” solutions.

Project Deadlines
A: First law of thermodynamics (including any simplifications) written for each piece of equipment
B: Algorithm written for project 
C: Tasks 1-3 written in MATLAB
[bookmark: _GoBack]D: Completed project in MATLAB


Task 1 – Load and Validate Data
You will be provided an Excel file with 2 data sheets. These sheets contain property data for a refrigerant. The first sheet is a saturated property table. A saturated property table has various specific (independent of mass, or expressed per unit mass) values for bubble-point liquids and dew-point vapors at different temperatures. The second sheet contains heat capacity data.

Load in the data, and separate each sheet into a separate variable. After separating out the sheets, you will need to validate that there are no negative values beyond the first column in the first sheet. If a negative value is found, tell the user which state variable was negative (and at which temperature) and allow the user to correct it by inputting a replacement value. Continue asking the user until they enter an acceptable value. You can assume that the column layout of the data we provide will remain unchanged. For example, column 1 will always be temperature, column 2 will always be pressure, and so on.

Task 2 – Receive and Validate User Inputs
To adequately define our system and be able to solve the problem, you will have to accept user inputs. The user should be allowed to enter the following data, with the following validations:
· T1 : the temperature of stream 1 [K]
· T2 : the temperature of stream 2 [K]
· T3 : the temperature of stream 3 [K]
· QCOMP : the heat gained or lost by the compressor [kJ / kg]
· QH : the heat lost by the refrigeration system at the condenser [kW]
· m : the mass flow rate of the system [kg / s]

Because the temperature inputs are in Kelvin, it is impossible to have a negative value. The user should have 3 chances for each temperature input to enter a positive value. If the third value entered is still not positive, output a warning to the user and take the absolute value of the third attempt.

QCOMP does not require validation, but be aware of the implication of the sign in front of it that the user enters. For this problem, we are using the following sign convention for the first law of thermodynamics:

Q – W = ΔH,

where Q is positive if the heat is going into the refrigeration system, and W is positive if it is work done by the system.

QH should be negative, as the refrigeration system is losing heat at the condenser. If a positive value is entered, display a warning and take the negative of the value entered by the user.
m must be value greater than 0. The user has an unlimited number of attempts to enter an acceptable value.

Task 3 – Determine the Enthalpies of Streams 1 and 3
Using the user input(s) provided, determine the enthalpies of streams 1 and 3, assuming that these streams are both saturated. It is up to you whether you want to use specific (H1) or total enthalpy (m*H1) in this task and in following tasks. Just remember to keep track of and be consistent with your units as you progress through later tasks. Note that for this and future tasks you may need to interpolate based on user input. In this case it is sufficient to interpolate linearly; in other words, you can assume that the dependent variable (i.e. enthalpy) varies linearly with the independent variable (i.e. temperature) between two sufficiently close reference points, even if in reality it does not. 


Task 4 – Energy Balance Around the Condenser
As you have already been provided with the QH of the condenser, you will now need to perform an energy balance to determine the value of the enthalpy in stream 4, H4. You may assume that the condenser performs no work, and has no work done on it.

Task 5 – Calculate the Enthalpy of Stream 2 and WCOMP
In order to determine the enthalpy of stream 2, H2, a calculation will need to be done across the compressor. Note that since both WCOMP and ΔH are unknown around the compressor, you will need an additional equation in order to solve for both variables (2 unknowns necessitate at least 2 equations). A useful equation in this situation is the following:

ΔH = , 

where CP  = A + BT + CT2 and the values of A, B, and C are given in sheet 2 of the Excel file. Be sure to use the in-built integral function to evaluate this equation. Use the equations above, as well as an energy balance to determine the enthalpy of stream 2 and WCOMP.

Task 6 – Determine the Enthalpy of Stream 5
Assuming that the heat exchanger is both adiabatic and isobaric, determine the enthalpy of stream 5 through an energy balance around the heat exchanger.

Task 7 – Determine the Enthalpy of Stream 6 and Calculate QC [kJ / kg]
Calculate the enthalpy of stream 6 assuming that the expansion valve is isenthalpic. Finally, perform an energy balance around the evaporator and calculate QC in units of kJ / kg.

Task 8 – Outputs
To the command window, output statements informing the user of the work needed to power the compressor [kJ / kg] and the heat that can be removed from the external system [kJ / kg].
In addition to these outputs, output a .csv file named “Results.csv” that contains a column vector with the following values in this order: H1 [kJ / kg], H2 [kJ / kg], H3 [kJ / kg], H4 [kJ / kg], H5 [kJ / kg], H6 [kJ / kg].

BONUS – More Realistic Compressor Calculations
Display a menu to the user asking if they would like to test alternative specifications. If they select yes, ask the user to input the following, none of which require data validation:
· T0, the ambient temperature [K]
· A new value for QCOMP [kJ / kg]. 

Additionally, allow the user to input a compressor efficiency, (0,1], with the appropriate data validation. You may not make the same assumption that stream 3 is saturated in this case. You may only assume that streams 1 and 2 are unchanged from your work in tasks 1 – 8. Use the following two equations, and any other useful equations, to solve for the real work of the compressor. You may assume that the pressure term of the entropy equation is negligible. Output your result for the new compressor work [kJ / kg] to the command window.

ΔS = 



Once you have calculated the real work of the compressor, your code should continue on and calculate the enthalpies of each stream and the new value of QC in units of kJ / kg without any further prompting. Create an output to the command window informing the user of the new heat that can be removed from the external system [kJ / kg]. Output a new .csv file with updated enthalpies named “Results_BONUS.csv”. 
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