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[bookmark: _Toc314218645]Project Objective
Design a cooling system that will cool thermo-electric coolers (TECs), which in turn cool the avalanche photo diodes (APDs). The selected cooling system must be based upon cost, practical engineering design, and robustness as it will be implemented in the far detector as well as the near detector.    
[bookmark: _Toc314218646]Introduction[footnoteRef:1] [1:  NOVA Fact sheet: http://www-nova.fnal.gov/pdfs/fermilab_nova_revised.pdf] 

	NuMI Off-Axis νe Appearance (NoVa) is an experiment at the intensity frontier of particle physics. This experiment is meant to study the transition of a muon neutrino into an electron neutrino. Therefore, scientists have designed a near and far detector to study this transformation of the neutrino. The near detector will sense the muon neutrinos and the far detector will sense the electron neutrinos. This process of creating neutrinos is performed by shooting protons into a graphite target. Because their are numerous events, neutrinos passing through a given area, scientists must use a probability distribution to determine whether a muon is transitioning into an electron neutrino. 
	The neutrino is detected due to the dense nuclei of the scintillator, which is a specific type of oil that is encapsulated in a PVC containment vessel. When the neutrino impacts a scintillator nuclei photons are released and “tunneled” toward the photodiode that observes the event. The following image illustrates the structure of both the near and far detector. 

[image: ]
Figure 1: Far and Near Detector Structure.

For further information: http://www-nova.fnal.gov/how-nova-works.html
[bookmark: _Toc314218647]MMAE 433 Course Objectives[footnoteRef:2] [2:  Professor Jamal Yagoobi course outline MMAE 433 Fall 2009] 

· Introduction to Working Problems
· Economics
· Modeling of Thermal Equipment
· Augmentation of Heat Transfer
· System Simulation
· Small Systems
· Large Systems
· Optimization 	
· Lagrange Multipliers
· Industrial Working Problems
[bookmark: _Toc314218648]MMAE 494-128: Course Emphasis (Revised to Replace MMAE 433)
The objective of the course is to model and simulate a system of the student’s imagination, but constrained by the project requirements. The software typically used for this is Engineering Equation Solver (EES) or Matlab.
· Modeling of Thermal Equipment
· Heat Transfer 
· System Simulation 
· Large System 
· Types of Software that can be used
· Engineering Equation Solver (EES)
· Matlab 
· Optimization
· Lagrange Multipliers (optional)
Further Objectives
· To provide a learning experience for Ian Wiese and Amanda Chatman
· To replace MMAE 433- Design of Thermal Systems with a design project with Fermi National Accelerator Laboratory NoVa experiment
· To design an economically feasible cooling system for the NoVa detectors. 
[bookmark: _Toc314218649]Expectations of Students
	The student is expected to simulate a cooling system as well as work within a hypothetical budget range of $500,000 to $1,000,000. 
1. Walk through of near detector at Fermi National Accelerator Laboratory week of January 9-12, 2012. Date and time to be specified by Matt Alvarez.
2. Mid-Term PowerPoint Presentation (DATE)
a.  A presentation must be  prepared
i. Must include
1. Systems considered- Why disregard these?
2. Selected cooling system- Why this one?
3. Identify major pieces of equipment (i.e. compressor, condenser, evaporator, cryo-coolers, expansion valves, etc.)
4. Identify engineering related issues involved with safety, flammability, pressure vessels, etc.
5. Provide a basic thermodynamic calculation of your system operation conditions 
a. What are your heat and work inputs and outputs?
3. Final Presentation (DATE)
a. Must Include:
i. System Simulation
1. Show equations
2. Optimization procedure
ii. Equipment Selection for Cooling System (chiller, compressors, valves, etc.)
iii. Cost of the system versus the budget allotted for project 
[bookmark: _Toc314218650]Recommended Textbooks
1. Fundamentals of Heat and Mass Transfer 5th ed. Incopera and DeWitt
2. MMAE 310- Fluid Dynamics course textbook
3. Thermodynamics: An Engineering Approach. Cengel & Boles
4. Design of Thermal Systems (library loan):
a. Author: W.F. Stoecker
b. Publisher: McGrawHill





[bookmark: _Toc314218651]Contacts
The following individuals have offered their assistance. Erik and Mike are the engineers working on the far and near detector cooling systems for NoVa. Erik, Mike, and Matt can assist the students in any engineering related questions. 

1. Matthew Alvarez (Graduate Student IIT: heat transfer/fluid dynamics/thermodynamics) 
a. Phone: (708)-937-2195
b. Email: malvare4@fnal.gov
2. Erik Voirin (Process Engineer: heat transfer/fluid dynamics/thermodynamics)
a. Phone: (630)-840-5168
b. Email: evoirin@fnal.gov
3. Mike Zuckerbrot (Process Engineer: heat transfer/fluid dynamics/thermodynamics/statics) 
a. Phone: (630)-840-4252
b. Email: mzuck@fnal.gov
















[bookmark: _Toc314218652]Project Task
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Figure 2: Locations of APD headers
The black lines show the locations where the APDs are located on the near detector. There are a total of 5 APD headers in which 500 TEC’s much be cooled (100 per header). Decide whether to cool in series or in parallel. The far detector has a total of 11500 The following diagram shows a typical TEC.
 (
Photodiode (APD)
)[image: ][image: C:\Documents and Settings\malvare4\My Documents\MMAE 494-128- Undergraduate Design Project\NoVa Pictures\2011-12-13_10-12-14_835.jpg][image: C:\Documents and Settings\malvare4\My Documents\MMAE 494-128- Undergraduate Design Project\NoVa Pictures\2011-12-13_10-09-57_306.jpg]
Figure 3: TEC diagram




Coolant Supply Temperature:
1. The system should provide cooling outlet temperature between 10 and 15C.   
a. The estimated TEC power requirement s can be found in NOvA DSoc-5540.
b. The system should be able to monitor the dew point at several areas of the building, and maintain a minimum water temperature above the dew point measured in the building plus the range of uncertainty of the monitors (±2 degrees C).  This is to prevent condensation on pipes or heat sinks.
c. Adjustments to water temperature should be infrequent and gradual, (0.1C/hr) except in the event of a sudden spike in dew point.  This specification is proposed to reduce the temperature difference oscillations between the hot and cold side of the TEC.  Temperature difference cycles cause stress oscillations which can lead to fatigue and premature failure of the TECs.  TEC failure information has been documented in NOvA doc-3172.  

System Water Temperature Rise: 
2. As the cooling system will be very large and includes water flowing through a number of TECs in series, the coolant temperature rises throughout the process.  This range between the highest and lowest water temperatures through all the systems heat sinks should not exceed a change of temperature of 5oC. 
a. This value may be better specified as the absolute water temperature range seen by all TEC heat sinks instead of a temperature rise through the system. This would make the absolute temperature range the 10oC -15oC chiller outlet temperature plus the 5 degree range, for an absolute temperature range of 10oC to 20oC.   

Piping/Materials (not too relevant for the project):
b. The piping shall be supported adequately to limit creep to 1% over 20 years.  
c. Joints shall be socket whenever possible and be primed and adhered with solvent based PVC cement. 

Coolant Flow Rate
3. Governed by flow rate chosen through TEC. 

System Design Pressure:  
4. The pressure rating of every component of the coolant system should be a minimum of 120 psig.
a. This rating exceeds the sum (113 psi) of the maximum pressure which can be supplied by a pump (87psi) and the pressure head of the height of the detector (26 psi).   
TEC cooling requirements
a. 2 mL/s minimum flow rate with a maximum flow rate variance between TECs < 10%
b. No temperature below 10° C, no temperature above 15 ° C
c. Heat load on TEC from the APD is 1.163W.
d. TEC cold side is fixed at -15ºC
e. Thermo-electric cooler is: TE-31.1.0-1.3 (POTTED) http://www.tetech.com/Peltier-Thermoelectric-Cooler-Modules/Standard/TE-31-1.0-1.3.html
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