DRAFT SPECIFICATION for

Materials and Fabrication of Calorimeter Assemblies
Delivery:
6 to 8 weeks ARO


Quantity:
16 units
Title:
Copper alloy laminar flow water calorimeter units for use in a vacuum/high purity inert gas environment.  Request for Information in both fabrication materials as well as complete manufacturing of the calorimeter units. 
Specification for Water Circulation System 

Laminar flow water calorimeter units fabricated from a copper alloy are used to absorbed heat energy from a research application.  The calorimeters consist of three concentric tubes forming the primary water film flow gap/path and the water return path (figures 1, 2 and 3).  The calorimeter surrounds a process component that operates at high temperature providing the heat load.  Power is transferred to the calorimeter from the process component by means of a small non-contact gas conduction gap (allows for a large temperature gradient in a short distance). Critical calorimeter dimensional constraints that are necessary to meet test power and temperature requirements include the following:

1. The gas gap distance between the process component surface and the inside diameter of the calorimeter channel tube; this distance regulates the power transfer between the process component and the calorimeter.  Note: the low temperature calorimeter cannot come into physical contact the high temperature process component (hence the required dimensional tolerances).
2. The water film flow gap (the gap between the outside diameter of the calorimeter channel tube and the inside diameter of the shell tube); this controls the water flow regime (maintaining laminar conditions).

3. The outer most cover tube should have sufficient dimensions to provide a water return path approximately an order of magnitude larger then the water film flow gap.

The initial engineering drawings of a calorimeter unit are shown in figures 4 and 5.  The calorimeter unit is 11 to 13 inches long and currently planned to be fixed at the clamped end with the free cantilevered section supported by a collar.  Specific specifications include:
Material:  Copper alloy that has high strength (durable), good thermal conductivity, excellent ability to hold tolerance; copper alloy C122 is an option others alloys should be suggested for consideration.
Material Compatibility:
Unit will be operated in a very clean test chamber with either vacuum or low pressure purified inert gas (helium/argon) environments.  Therefore it should have a good clean external finish (32 to 64 micro-inches) with no virtual leaks and minimal outgassing properties.  Internal coolant will be filtered water with a conductivity between 1 and 40 micro-siemens/cm (to support operation of a magnetic type flow meter).
Construction/Assembly:  The calorimeter shall be assembled with an all welded construction to minimize potential for leakage.  This welding should be performed in an inert environment to minimize oxidation and potential for trapping of contaminates in the calorimeter welds. During assembly process the primary flow gap width and inside dimension of the channel tube shall be monitored to verify compliance with the required sizes.  Small tabs (which will not interfere with the fluid flow) can be used in the primary coolant flow path (between the channel and shell tubes) to help assist in maintaining the dimension.  The inner diameter of the channel tube shall be honed if necessary after welding to achieve the required inside diameter.
Leak Checking:
Shall be performed to verify leak tightness of all calorimeter assemblies.  The assemblies shall be checked with a helium mass spectrometer leak detector with a sensitivity capable of detecting leaks rates of 1x 10-10 std-cc/sec of helium or lower.  All components (100% of the calorimeter units) shall be leak tested and any defective units rejected.  

Water Feed lines:
3/8” OD by 0.35 inch wall nominal copper feed lines with stub lengths of 36 inches. Feeds are welded to the calorimeter manifolds. 
General Material Straightness and Dimensions: material stock and final assembly of the calorimeter should conform to the following target requirements:
1. Variation in tubing wall thickness: +/-0.001 inch

2. Variation in tubing diameter: +/-0.002 inch 
3. Ovality variations in tubing diameter at any cross-section cannot exceed the variation in diameter given above.

4. Permissible straightness is 0.002 inch over the length of the calorimeter.
The calorimeter length is estimated at 11 to 13 inches base on preliminary design analysis.  The calorimeter unit is supported in cantilever fashion at one end with a support at the other as indicated in figure 1 and 2 by a 1 inch extension of the inner channel tube.  Tight tolerances are required to prevent the calorimeter from touching the very hot process component.  There are a total of 10 different calorimeter geometry types required to meet the research objectives.  Each is composed of a single channel tube, shell tube and cover tube with dimension and quantity as provided in table 1. The following assumptions were made in performing the thermal analysis and generating this table.
A. Current design makes use of a constant wall thickness tube for all calorimeter tubes (baseline wall thickness at 0.058 inch).  This approach assumes that the tube manufacturing process is a drawing technique in which the draw dies can be adjusted to provide the required tube OD/ID dimensions.
B. The primary coolant film flow gap width baseline for all calorimeters is held at 0.015 inch.

C. The return coolant flow gap width baseline for all calorimeters is held at 0.125 inch.

The use of tubing material other then precision drawn stock is described in a later section.
Inspection/Cleaning:
Each completed calorimeter unit should be tested for straightness and dimensional consistency along the inner bore (diameter/ovality).  Perform any final machining to bring units into tolerance, remove burrs, finalize the surface etc.  Each of the calorimeter units shall be cleaned externally and internally by flushing to remove debris and surface contaminates.
Operational Duty:
Calorimeters shall be operated in a round the clock fashion for 3 to 5 years.

Other Considerations for Tubing Selection and Dimensions:  The use of standard or specialized tube sizes with machining to meet the final geometry is also an acceptable option.  If standard/specialized sizes are used some additional variation can be allowed in the gap widths for the water film flow gap/path and water return path:    
1. The water film flow gap (the gap between the outside diameter of the calorimeter channel tube and the inside diameter of the shell tube) can be allowed to range between 0.010 and 0.015 inch.
2. The water return path can be ranged to provide approximately a factor of 10 increase over the film flow gap width.
However, the gas conduction gap between the process component and the calorimeter channel tube inside diameter must remain fixed (as specified in table 1).  Therefore the selection of the size used for the calorimeter channel tube must be able to meet the required dimensions after machining.   

Operational Specifics for Informational Purposes: The following information provides some operational specifics regarding the expected flow and temperature conditions for the calorimeter based on a research requirements and a thermal analysis:
Water Flow Rates:
Ranging from 0.1 to 1 gpm depending on thermal load
Power Capacity: 


Ranges from 1000 to 5000 watts

Water Temperature Inlet:

Expected range 15 to 30 deg C

Water Temperature Rise:

Expected up to 40 deg C

Process Component Temperature:
from 1100 to 1400 K
Inert Gas Gap Environment:

Helium/Argon mixture at 1 to 2 psia

Process Component Material:

Molybdenum – Rhenium refractory metal.
Packaging:
Calorimeter must be a modular design since they will be package to test component clusters (figure 6).
Additional Information Sought:
1. Suggested copper alloy materials to better meet the goal and provide a robust durable calorimeter unit.
2. Alternate calorimeter type cooling designs that can provide the same function in a similar package (commercial).  

3. Any enhancement to the water film flow gap cooling channel design (improved heat transfer) with thermal performance that is predicted with known correlations. 

4. Possible low cost welded transition elements from copper alloy to stainless steel.  This will simplify routing the calorimeter water feeds out of the test chamber and avoid the use of mechanical fittings.
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Figure 1. Conceptual Calorimeter Design.
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Figure 2.  Conceptual Process Application/Calorimeter with Mounting Setup.
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Figure 3. Calorimeter Tube Layout Nomenclature.
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Figure 4.  Initial Calorimeter Concept - Engineering Design Layout.
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Figure 5.  Initial Calorimeter Concept - Engineering Design Parts Detail.

Table 1 Tube sizes for required calorimeter layouts (all dimensions are in inches) for tubing material produced by drawn technique (or other).
	Calorimeter Geometry
	G
	F(-4)
	F(-3)
	F(-2)
	F(-1)
	F(1)
	F(2)
	F(3)
	F(4)
	F(0)

	Quantity
	7
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Process Component OD
	0.625
	0.625
	0.625
	0.625
	0.625
	0.625
	0.625
	0.625
	0.625
	0.625

	Gas Conduction Gap Width
	0.027
	0.027
	0.105
	0.033
	0.023
	0.039
	0.018
	0.048
	0.022
	0.027

	
	
	
	
	
	
	
	
	
	
	

	Calorimeter Channel Tube ID
	0.679
	0.678
	0.835
	0.690
	0.670
	0.702
	0.661
	0.720
	0.669
	0.679

	Calorimeter Channel Tube OD
	0.795
	0.794
	0.951
	0.806
	0.786
	0.818
	0.777
	0.836
	0.785
	0.795

	Calorimeter Channel Tube Wall Thickness
	0.058
	0.058
	0.058
	0.058
	0.058
	0.058
	0.058
	0.058
	0.058
	0.058

	
	
	
	
	
	
	
	
	
	
	

	Calorimeter Shell Tube ID
	0.825
	0.824
	0.981
	0.836
	0.816
	0.848
	0.807
	0.866
	0.815
	0.825

	Calorimeter Shell Tube OD
	0.941
	0.940
	1.097
	0.952
	0.932
	0.964
	0.923
	0.982
	0.931
	0.941

	Calorimeter Shell Tube Wall Thickness
	0.058
	0.058
	0.058
	0.058
	0.058
	0.058
	0.058
	0.058
	0.058
	0.058

	
	
	
	
	
	
	
	
	
	
	

	Calorimeter Cover Tube ID
	1.191
	1.190
	1.347
	1.202
	1.182
	1.214
	1.173
	1.232
	1.181
	1.191

	Calorimeter Cover Tube OD
	1.307
	1.306
	1.463
	1.318
	1.298
	1.330
	1.289
	1.348
	1.297
	1.307

	Calorimeter Cover Tube Wall Thickness
	0.058
	0.058
	0.058
	0.058
	0.058
	0.058
	0.058
	0.058
	0.058
	0.058
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Figure 6.  Calorimeter Cluster Arrangement

