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1. General Description
This heat exchanger will be used for a cool down system of a large argon pressure vessel used for MicroBooNE. Diagram under the Design Requirements section states reference points used throughout this document. Argon gas (AB, CD) will be used as the cooling medium for heat recovery with phase-changing nitrogen (EF) to reduce its temperature. A compressor along with a water-cooled aftercooler will be run between B and C while the cryostat will be between D and A. It will experience a large range of temperatures from 80F down to -280F, but it will be gradually cooled down over a 2 week period. 
Point D is the critical point to be controlled on this heat exchanger by adjusting the mass flow rate of LN2. The change in temperature from A to D will initially be -19F and increased gradually toward -45F at the end of operation. B shall not go below a temperature around 50F to mitigate condensation.
Any deviations from this specification due to conflicts between codes or design feasibility shall be brought to the attention of the purchaser for resolution. Any design requirements with a “~” symbol can be used as an approximation but must be within a suitable range determined by engineering judgment. 
Orientations of the inlets and outlets are to be determined by the designer. The given schematic is only to be used as a general reference. 
2. General Requirements—Three Stream Plate-Fin Heat Exchanger
a. Design and fabrications to be in accordance with ASME Code, Section VIII, Division 1. Units will have code stamps.
b. Exchanger is to be able to accommodate three streams.
c. Effectiveness of heat exchanger should exceed 95%.
d. Pressure drop of each argon stream shall be no more than 2 psi.
e. All connections shall terminate in stainless steel nozzles suitable for welding.
f. Vertical, hanging orientation of heat exchanger in order to minimize its floor footprint.
3. Design Requirements

      Specifications

	
	Parameters
	
	Initial (∆TA-D ≈ 16K)
	Middle (∆TA-D ≈ 19K)
	Final (∆TA-D ≈ 25K)

	A
	Fluid
	Argon gas
	 
	 
	 

	
	Diameter
	3” IPS
	 
	 
	 

	
	Pressure
	< 26.7 psia
	 
	 
	 

	
	Flow rate
	36.86 lb/min
	 
	 
	 

	
	Temperature
	 
	80F
	-100F
	-235F

	
	
	
	
	
	

	B
	Fluid
	Argon gas
	 
	 
	 

	
	Diameter
	3” IPS
	 
	 
	 

	
	Pressure
	24.7 psia
	 
	 
	 

	
	Flow rate
	36.86 lb/min
	 
	 
	 

	
	Temperature
	 
	> 50F
	> 50F
	> 50F

	
	
	
	
	
	

	C
	Fluid
	Argon gas
	 
	 
	 

	
	Diameter
	3” IPS
	 
	 
	 

	
	Pressure
	34.7 psia
	 
	 
	 

	
	Flow rate
	36.86 lb/min
	 
	 
	 

	
	Temperature
	 
	80F
	80F
	80F

	
	
	
	
	
	

	D
	Fluid
	Argon gas
	 
	 
	 

	
	Diameter
	3” IPS
	 
	 
	 

	
	Pressure
	> 32.7 psia
	 
	 
	 

	
	Flow rate
	36.86 lb/min
	 
	 
	 

	
	Temperature
	 
	51F
	-134F
	-280F

	
	
	
	
	
	

	E
	Fluid
	Liquid nitrogen
	 
	 
	 

	
	Diameter
	~ 1”
	 
	 
	 

	
	Pressure
	 < 50 psia
	 
	 
	 

	
	Flow rate
	 
	~ ≤ 1.70 lb/min
	~ ≤ 2.17 lb/min
	~ ≤ 2.62 lb/min

	
	Temperature
	 
	~-320F
	~-320F
	~-320F

	
	
	
	
	
	

	F
	Fluid
	Nitrogen gas
	 
	 
	 

	
	Diameter
	~ 1”
	 
	 
	 

	
	Pressure
	~ 14.3 psia
	 
	 
	 

	
	Flow rate
	 
	~ ≤ 1.70 lb/min
	~ ≤ 2.17 lb/min
	~ ≤ 2.62 lb/min

	
	Temperature
	 
	≥ -320F
	≥ -320F
	≥ -320F


4. Leak Testing
Leak testing of each passage shall be performed before shipment. All leak tests should be made in accordance with written procedures provided by the vendor. No detectable leaks shall be found with a sensitivity of 1 x 10-9 std. cc/sec of helium both pass-to-pass and from each pass to atmosphere. 

5. Pressure Testing
Heat exchanger will be designed for 50 psig MAWP as well as full vacuum through each of the three streams. Also a pressure drop of no more than 2 psi should be measured from the inlet and outlet of each argon stream. Fluid used for pressure testing shall be dry nitrogen gas. Each test shall follow ASME Section VIII, Division 1 requirements for pressure testing.
6. Supports

Design should implement a vertical, hanging orientation. A suspension cradle shall be provided for vertical support along with a guide to allow only one degree of freedom for thermal expansion.

7. Documentation and Drawings
Outline drawings, showing overall external dimensions, size, and location of all nozzles shall be provided for approval prior to construction.

The manufacturer shall furnish to the buyer a copy of the leak test report.
8. Shipping

The unit shall be shipped under five pounds of positive pressure of dry nitrogen gas. Adequate packing and padding must be provided to prevent damage while in transit.
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