
Final test report
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Roger Smith and Hector Rodriguez,   
Caltech, 2014-01-19

This note documents the final performance achieved with the first “Annular Tank Dewar” (ATD) to be shipped to LBNL.   This instance of the design has a case extension at one end only.   (The second ATD to be shipped will be extended at both ends.)
WARNINGS

· The domed shape of the burst disk membrane is designed to be in tension when the dewar is under vacuum.   Pressurizing the dewar or evacuating the Nitrogen tank when the dewar is at atmospheric pressure will place a pressure differential across this membrane which will put the “dome” into compression and may cause it to collapse, resulting in weakening of the membrane and possibly premature rupture.  The pressure release valve tends to protect the burst disk from this but this should not be relied upon.

· The knurled ring that attaches the pressure relief valve has been securely tightened but can be unscrewed by hand.  Be warned that doing so will break vacuum.
SUMMARY
This dewar was designed for laboratory in a side looking configuration.  It can be operated with either end down with varying losses of tank capacity as the fill neck is deliberately offset towards one end of the tank.

The key feature is that the side fill leaves the end faces of the tank and the full diameter of the dewar available for mounting detector or illumination hardware at either end.   The annular tank allows a light path from one end to the other.   The tunnel is large enough to accommodate a 2x2 mosaic of 40mm square detectors (typical NIR arrays) or a wafer scale CCD to be placed at any position along the dewar axis.

The dewar will hold nitrogen for 3 days when there are no power sources inside.  Conduction and radiation loads amount to 3.1W.  Boil-off rate is 2.6 standard cubic feet (74 liters) per hour.   The pressure rise rate when warm is 7mT per day (limited by O-ring diffusion).   With a 50 ml activated charcoal getter at liquid Nitrogen temperature the gas conduction is expected to remain sub dominant for a year without pumping.

A warm zeolite desiccant removes water vapor continuously.  

Pumping for only 30 minutes is sufficient.   Pumping for more than a few hours is a waste of time. 
Documentation
SolidWorks model for dewar
SolidWorks model for assembly fixtures
Thermal analysis (Microsoft Excel)
Assembly photos (Microsoft Powerpoint)
Burst disk vendor and data sheet 
Dewar Configuration 
One of Caltech’s getters containing approximately 30 ml of activated carbon was installed during all tests described.  The dewar will be shipped without this.

No vacuum gauge has been supplied.  

The dewar is equipped with an external (warm) zeolite desiccant.  This is contained within a T-shaped KF40 adaptor, with a screened centering ring bonded into the dewar side to prevent particles from entering the dewar.  The zeolite has absorbed some water vapor during testing but should still have adequate capacity and not need to be regenerated unless exposed to the atmosphere for some hours (or days?).

Radiation shields are installed. 

No sensors or wiring are present.   Cable ports are all capped.

The Nitrogen tank is equipped with a burst disk rated to rupture at 65 PSI (4.4 atm.).

The dewar envelope is equipped with a pressure release valve which limits pressure to 0.35 atmospheres (differential).   
Manufacturing issues
Tank manufacture did not proceed without incident.  It was only discovered after the tanks had been fully assembled that the machinist had not turned down the wall thickness to that specified prior to welding.    The cost of rectifying this mistake was high and the consequence only that the tank is heavier than need with some loss of interior volume.  However the capacity is large and the mass of the tank is still minor compared to the casing.  The main cost is in the added liquid nitrogen consumed during cooling.  The added thermal inertia can be viewed as an asset or liability depending on the situation.

The weld beads intrude into the tunnel instead of into the tank volume as desired.  The loss of tunnel diameter is only a few millimeters and will be tolerated.  

Initially some welds for this tank leaked, but the leaks were successfully stopped by coating with a thin layer of Armstrong A12 epoxy.   This was verified by cold leak checking (immersion in liquid nitrogen bath during leak check).   The repairs have survived at least 10 thermal cycles.

The original fill neck design cooled of the radiation shields with heat transferred to the boil-off gas.   The bellows required to achieve this had to be custom made and were expensive.  The manufacturer was slow to respond and the copper bellows supplied were unsatisfactory having been delivered in a work hardened state.  They soon developed leaks, which we were unable to repair.  We abandoned the active cooling of the radiation shields and replaced the bellows by stock stainless steel bellows supplied by Lesker.  These are the same bellows material used in vacuum hoses, and were TIG welded to an stainless steel flange by U of Arizona using robotic welding equipment capable of handling the thin wall.   The tank end is potted with Armstrong A12 into a thin groove cut into an aluminum cup which adapts it to the tank flange where there is another thin epoxy joint (Figure 1).


[image: ]
[bookmark: _Ref251316382]Figure 1: Bellows design finally adopted.
The bellows is compressed during removal of the tank by inserting a ¾-16 x 3” cup point set screw, a side mount retaining clip, a -211 O-ring and a spacer, where the screw’s threaded end engages at the tank-to-bellows flange shown in Figure 2.   This set screw serves also to stiffen the bellows to protect against bending during handling.   Bellows elongation (when mating the outer bellows flange to the case) is within the 10% elongation allowed and less than the allowable 15% compression is needed for removal/installation of the tank.  (0.25” compression is recommended.)

[image: ]
[bookmark: _Ref251316530]Figure 2:  A ¾-16 x 3” set screw compresses bellows (~10%) during tank insertion/removal.  Thread set screw into tank to bellows flange.  The spacer and O-ring are already set inside the SST bellows.
The sealing of the burst disk to the tank proved problematic since the supplied pipe thread did not continue to seal at low temperatures.   After trying many sealant options we resorted to a thin layer of Armstrong A12 epoxy under the head (not in the thread), since we have experience in breaking this kind of seal when required.  The epoxy joint between the burst disk body and the tank is leak free and survives thermal shock yet can be broken using a wrench to unscrew the burst disk “plug”.  Residual epoxy can be removed from the tank using Dynasolve 185, accelerated by warming the dewar to 90°C (do not go warmer as this may jeopardize the Armstrong A12 joints in the fill neck).   
Mechanical tolerances

[image: C:\Users\Hector L. Rodriguez\Documents\ATD\Pressure Readings\DSC04267.JPG]
Figure 3:  Inner Structure is clamped down to the granite table.  Measurements taken are highlighted in yellow in tables below in the Actual Y column.

Measurements of the assembled Inner Structures taken with the Faro Arm.  


[image: ]
Figure 4:  Inner Structure #1


[image: ]
Figure 5:  Inner Structure #2


Surface treatments, cleaning and baking.
The Dewar shell (exterior and interior) have been lightly polished then nickel plated to provide corrosion resistance, while minimizing water adsorption on the vacuum side.  The Nickel plating hardens the threads to eliminate inserts.  Bolts inserted in the atmospheric side should be lubricated.  Internal bolts can be moly-coated though this is not required since they are seldom removed.

For low emissivity, the radiation shields are natural aluminum, which has been highly polished and cleaned.  It is important to keep these surfaces under vacuum when stored (or at least in dry Nitrogen) to avoid oxidation and contamination. 

The tank outer surface is also polished natural aluminum mostly for low outgassing but the low emissivity doesn't hurt.   It has suffered some wear during rework (see above) but the emissivity of this surface is not critical.

All parts have been ultrasonically cleaned in a hot water detergent mix then rinsed in deionized water and dried in an oven.  The assembled dewar has been outgassed by pumping with a heater rope wound around the dewar for several days, while cold trapping to monitor the outgassed contaminants which were found to be only water vapor (visual inspection and sniff test only).
Helium Leak checks
	Before leak check
	3.5 x 10-9 torr/liter/sec

	Helium applied to any exterior location
	Rise to 5 x 10-9 torr/liter/sec over 10 minutes due to diffusion through O-rings

	Helium filled tank, warm
	~20 minutes to rise to 5 x 10-8 torr/liter/sec

	Helium filled tank, cold
	Similarly slow rise to
5 x 10-8 torr/liter/sec


The tank exhibits a very small leak when filled with Helium whether the tank is warm or cold (recently emptied).  The slowness of the rise in leak rate (10-20 minutes) indicates a circuitous path, or possibly diffusion through a porous material.   The tank leak rate is greater than the increase in “background rate” observed when O-rings are soaking in Helium, but not by a large factor.   The pressure rise when cold is low, so it seems that the leak is not going to significantly impact the vacuum service interval so we chose to accept it.
Pumping time and pressure rise tests
After baking and pumping for over a week the ultimate pressure dropped to 0.12 mT was reached (falling very slowly after initially achieving 0.2 mT).  This pressure dropped to ~0.01 mT upon cooling.  

Figure 3 shows the pressure curve after a brief dry Nitrogen backfill to slightly more than one atmosphere after the dewar had achieved 7.2mT/day pressure rise rate. After only 30 minutes pumping the equilibrium pressure had dropped to 0.3 mT.

[image: ]
[bookmark: _Ref251767922]Figure 6:  pressure rise rate after dry nitrogen back fill to one atmosphere for 4 hours, then pumping ~37 minutes three times at one day intervals.  After 4 days the pressure rise rate had dropped to 3mT/day.
[image: ]
[bookmark: _Ref251317379]Figure 7:  Pressure versus time after a dry gas backfill to 1 atm.  A turbo pump, backed by a scroll pump was connected by 2’ of stainless steel bellows hose (1” diameter, KF 25, fittings).  Dry gas was introduced through a T-fitting and plastic hose that had been pumped out.    Same data as in Figure 3, plotted on log scale, with time of day on X axis for multi-day test.  Blue: after back-fill for 5 minutes.  Brown/Red/Orange: after back-fill for 4 hours.  
The pressure rise rate with dewar warm settled after four days under vacuum settled to 3 mT/day.    For the ~61 liter vacuum volume, ~240” total O-ring length and 2x10-8 torr-liter/sec/inch O-ring diffusion rate (after outgassing) quoted in the Parker O-ring handbook, we expect 7 mT/day pressure rise when warm.

To test pumping time and evaluate whether virtual leaks are significant, a benchmark for pumping speed and pressure rise rate without virtual leaks was established thus:  after the 7 mT/day pressure rise rate was achieved through extended time under vacuum, the dewar was filled with dry gas at >1 atmosphere for only five minutes.  This brief backfill with dry gas was followed by pumping for (only) 30 minutes, as shown in Figure 4.   The initial pressure rise rate was slightly elevated but the total pressure rise in one day integrated to 8.8 mT, a few times the o-ring diffusion.

The experiment was then repeated, but holding the dewar at atmospheric pressure for 4 hours to allow much more time for gas to enter mechanical voids or porous materials which might exist along the G10-support ring bond lines, for example. The valve was then closed so the pressure rise rate could be logged again. The pump down curve and subsequent pressure rise test are over-plotted in Figure 4.   

After four hours at atmospheric pressure then 37 minutes pumping the pressure had only dropped to 0.8 mT compared to 0.3 mT for the case where the dewar had been at atmospheric pressure for only ~5 minutes.     The initial pressure rise rate was significantly higher integrating to 61 mT over the first day.  After 24 hours from pump down, the pressure rise rate had fallen to 16 mT/day and the total pressure rise over the second 24 hour period integrated to only 8.6 mT   Pressure rise rate had fallen to 3mT/day 48 hours after initial pump down.

This dependence of pressure rise rate on time spent at atmospheric pressure is presumably due to the diffusion of air into the voids or pores in materials like epoxies used to bond the support structure.  The slow emanation of this gas back into the vacuum, “virtual leaks”, is presumed to exist rather than outgassing from surfaces since dry Nitrogen was used to backfill to atmospheric pressure via closed (previously evacuated) plumbing lines.   The total pressure rise due to these virtual leaks was = <70 mT for a pumping time of 30 minutes, resulting in the loss of <3 weeks out of the one year vacuum service interval, so prolonged pumping is not justified.

It is worth noting that the pump does not need to be connected continuously in order to remove the gas released during the pressure rise.   One can pump for 15 minutes, then close the valve while the gas is released and then pump again for 10 minutes to produce almost the same result as continuous pumping.
Vacuum service interval
The pressure rise when cold depends on getter volume and temperature.  With ~30 ml charcoal getter at 77K, the observed pressure rise was somewhat erratic (Figure 4) but averaged only about 1 µT/day over a 3 day test.  This is four orders of magnitude lower than the warm pressure rise rate.   For this getter volume, the thermal load due to gas conduction should remain sub-dominant for a year or more.

[bookmark: _Ref251267775][image: ]Figure 8:  Pressure rise averages only ~1 µT per day with getter cooled by liquid nitrogen.
N.B:   Vacuum service interval is dependent on the getter volume and temperature.   50 ml to 100ml of activated charcoal attached to the liquid Nitrogen tank is highly recommended.  This not only alleviates the need to pump the dewar but allows cooling to begin when the dewar is pumped down to only 10-20 mT which can typically be reached within ~10 minutes.   Pumping for longer extends interval until the dewar needs to be pumped again by only about a day which is negligible.
Boil-off rate and hold time
Boil-off rate was constant at 2.6 cu.ft.hr for the duration of a 3 day test.   Boil-off gas was connected to the flow meter by a 2m long tube allowing gas to reach close to room temperature by the time it passed through the flow meter.  Allowing for gas expansion as well as the latent heat of vaporization, this flow rate implies a 3.1W total heat flow into the dewar.  This corresponds closely to that predicted for the unloaded dewar.    This indicates that the efficiency loss due to abandoning the cooling of the radiation shield by boil-off gas was minimal.

Hold time was found to be 72 hours with no load, which is less than the 103 hours predicted but still well above the design goal.  At least half the deficit is accounted for by the loss of tank volume due to the accidental omission of the machining step in fabricating the tank walls.
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image4.emf
operator                          : hlr

Part name                       : Inner Structure 1

serial number                   : 01

Device                             : 

device version                  : 0.00

device certification date     : 

today is                      : 4/18/2014

units                               : Inches

Label ActualX ActualY ActualZ

C_DEVICEPOS001

M_LG_RING_PADS -22.5645 0.1997 -1.5149

M_SM_RING -22.4344 5.9965 -3.3763

C_LG_RING_PAD_TO_SM_RING -0.0001 5.7968 0.0002

M_CTR_RING -22.9158 3.4359 -1.427

C_CTR_RING_TO_SM_RING -0.0016 2.5593 0.0013
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operator                          : hlr

Part name                       : Inner Structure 2

serial number                   : 01

Device                             : 

device version                  : 0.00

device certification date     : 

today is                      : 01

units                               : 01

Label ActualX ActualY ActualZ

C_DEVICEPOS001

M_CENTER_RING -19.5809 3.4332 -2.1946

M_SM_RING -18.4023 5.9945 -1.0936

C_SM_RING_TO_CTR_RING -0.0021 2.5621 0.0041

M_PLANE001 -19.1794 0.1979 -0.4517

M_LG_RING_PADS -20.8062 0.1979 0.7663

M_SM_RING_WITH_EPOXY_ON_LG_RING -20.4 5.9911 1.2057

C_LG_RING_PADS_TO_SM_RING 0.0022 5.7931 -0.0033

C_ANGLE001 -20.8044 5.1979 0.7635
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Quotation
voss L E R Quote No.: 58506 Rev. 2

PRESSURE & EXPLOSION PROTECTION

Customer Name/Address:
CALTECH

391 S. HOLLISTON ST
PASADENA, CA 91125
USA

Phone: 626 395-5722
Email: kbui@astrocaltech.edu

INCO 2000
Quote Valid For:
Lead Time:| 10 ARO and receipt of approved d awings
(Business Days)lwhen required.

[ Terme| Net 30Days

June 28,2011

I

Attention: KHANTT BUI

Project Name: dewar

1In response to your request, we are pleased to quote the following:

Description Quantity Unit Price Extended
Item: 1 1/2 SP10 P-Type * Inlet: 1/2" NPT * Outlet: Free 3 $154.35 $463.05
Outlet * Requested Burst Pressure: 65 PSIG @n2r*

Manufacturing Range: Standard * Vacuum: Full Vacuum * 1 $308.70

Body Material: Brass * Seal Material: Aluminum *
Certification 1: Burst/Matl/Origin Certs * Packaging:
Standard Packaging * Cleaning: Standard * U.S. Tag - SST

Quote Total: (USD): $463.05
Purchase Order to be made out to: Fike C/O Vossler
Your Fike Representative:
Vossler
4917 Lankershim Blvd.
North Hollywood, CA 91601
USA
Contact: Prepared By: Tom Vossler
Phone: 323-877-0611 Phone: 323-877-0611
Fax: 818-509-8871 Fax: 818-509-8871
Email: tom@vosslercompany.com Email:
tom@vosslercompany.com
Data Sheets:

Datasheet R.1.37.01, Datasheet R.1.22.01, Datasheet R.1.38.01, Datasheet R.1.09.01

NOTICE

This ion is not an offer subject 1o accey ¢, but is information which may be made the subject of your purchase order to Fike ration, and such order must be finall, us at Blue Sprir
Misswmxx?tgb: binding upon us. Final amtp(zm mcme]ivcry dates are always subject to strikes, acl:s;uf and Dﬁ‘ﬂ' circumstances b:ygnog:’w control. in the event of which we &m;’; liability fot%:l"a%
reasonably due such occurrences. %

Fike Standard Terms and Conditions Apply www.fike.com
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