
SoLID HGC Prototype Vessel Leak Testing

Emma Kirby, Nathan Heinrich, Garth Huber, Muhammad Junaid,
Stephen Kay, Dan Kolybaba, Vijay Kumar, Ali Usman

University of Regina

August 20, 2021

Abstract

The construction of the SoLID HGC requires a vessel that can withstand pressures of 1.7 atm, or
22.0 psi (absolute) for long periods of time with minimal leaking. These tests sought out to find a method
of sealing the vessel so that it doesn’t leak. The vessel was sealed using DOWSIL RTV 832 Sealant.
When using a good technique to apply the sealant, the vessel’s leak rate was as low as 5.6× 10−4 Torr·L

s
,

or 2.2 × 10−6 g
s

when filled with C4F8 gas. This result is from test 6 where vessel was left inflated for 28
days. The RTV sealant performed well, but the performance depends on how well the sealant is applied,
so there may be better methods of sealing the vessel.

Introduction

The SoLID Heavy Gas Cherenkov detector (HGC) is a particle detector that will use Cherenkov radiation
through C4F8 gas for π±/K± separation. The construction of the SoLID HGC requires a vessel that can
withstand pressures of 1.7 atm, or 22.0 psi (absolute) for long periods of time without leaking. A prototype
of this vessel was machined and assembled by IMM Industrial Machine and Manufacturing Inc [1]. The
objective of the tests is to find method of sealing the vessel so that it can hold gases without leak. This
report details test using DOWSIL RTV 832 Sealant to seal the vessel.

Construction

All vessel parts except for the windows were machined from 6061 T-651 aluminum alloy and the pieces were
dry fit together by the vendor (IMM) to assure a good fit. All parts were fastened together using 5

16 inch
316 stainless steel hex head fine thread machine screws. Mounting holes for the back windows were not
marked, drill or tapped. On March 31, 2020 the partially assembled vessel was transported to the Faculty of
Science Machine Shop at the University of Regina, where the holes for the back windows were later drilled
and tapped. The back windows were dry fitted and later installed and sealed with DOWSIL RTV Sealant
832. The parts of the vessel are listed in Table 1 and they are labeled as if the vessel were oriented as it is
in Fig. 1. Throughout this report, parts will be referred to by their names instead of numbers.
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Table 1: Part list for the SoLID HGC Prototype.

Part Number Part Name
SP-10-01-01 Bottom Center
SP-10-01-02 Bottom Right
SP-10-01-03 Bottom Left
SP-10-01-04 Bottom Extension
SP-10-01-05 Side Plate-Right
SP-10-01-06 Side Plate-Left
SP-10-01-07 Rib-Mid
SP-10-01-08 Rib-Top
SP-10-01-09 Front Plate
SP-10-01-10 Front Plate Extension
SP-10-01-11 Front-Top Plate PMT
SP-10-01-12 Front-Top Plate Blank
SP-10-01-13 Top Plate
SP-10-01-14 Back Plate
SP-10-01-15 Back Plate Extension
SP-10-01-16 Back Window
SP-10-01-17 Back Window Ext
SP-10-01-18 Mount Side
SP-10-01-19 Mount Top
SP-10-01-21 Top Brace
SP-10-02-01 Front Window Frame

Figure 1: A 3D rendering of the vessel in its vertical orientation.
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Test Protocol

Whit Seay, a member of the JLab Hall A engineering staff, has specified that the HGC vessel must have
a safety factor of 3� for ultimate strength, demonstrated through engineering analysis. Furthermore, the
vessel needs to be pneumatically tested to 1.1� operational (design) pressure for an extended period. An
absolute C4F8 gas pressure of 1.7 atm implies a differential pressure of 0.7 atm (10.3 psi) across the vessel
walls. The testing protocol thus requires the vessel to be inflated to 11.3 psi differential pressure.

Prototype Vessel Volume and Leak Rate

The leak rate of the vessel was estimated by creating an estimate for the volume and multiplying it by the
pressure change over time. The volume of the vessel was estimated by simplifying its shape as the frustum
of a rectangular-based pyramid. The frustum has a top area is a rectangle 38.437 inches by 49.527 inches,
and the bottom area is a rectangle 19.050 inches by 26.612 inches. The height is 60.347 inches. These
measurements were obtained from the part construction diagrams.

b1 = (38.437 in � 49.527 in) = 1903.7 in2,

b2 = (19.050 in � 26.612 in) = 507.0 in2,

h = 60.347 in,

V =
h

3
�
�
b1 + b2 +

p
b1 � b2

�
,

=
60.347 in

3
�
�

1903.7 in2 + 507.0 in2 +
p

1903.7 in2 � 507.0 in2
�
,

= 68255.15 in3.

The volume of the vessel is 68255.15 in3. This converts to 1118.50 L. The leak rate of the vessel can be
determined by the volume times the change in pressure over time.

l = �V dP
dt

Error Calculation

This is an example calculation using the data from the second test. All of the length measurements have an
uncertainty of �0.005 in, as determined from the construction drawing tolerances. The error calculation for
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the volume is below:

V =
h

3
�
�
b1 + b2 +

p
b1 � b2

�
,

V =
h

3
� (b1 + b2 + c),

V =
h

3
� d,

δb1 = b1

s�
δs1

s1

�2

+

�
δs2

s2

�2

,

δb1
= 0.31 in2,

δb2
= b2

s�
δs3

s3

�2

+

�
δs4

s4

�2

,

δb2
= 0.28 in2,

δc =
c

2

�
δb1

b1
+
δb2

b2

�
,

δc = 0.368 in,

δd =
p

(δb1
)2 + (δb2

)2 + (δc)2,

δd = 0.56 in,

δV = V

s�
δh

h

�2

+

�
δd

d

�2

,

δV = 12.6 in3.

The volume is 68260�10 in3. When converting to litres, this becomes 1118.5�0.2 L. The error in the
change in pressure is calculated as follows:

m =
dp

dt
,

δ2m =
nδ2p

n
Pn

i=1 t
2 � (

Pn
i=1 t)

2 ,

δp = 5 Torr,

δm = 0.001
Torr

s
.

The change in pressure is -0.017�0.001Torr
s . The error in the leak rate is:

δl = l

s�
δV

V

�2

+

�
δm

m

�2

,

δl = 1.11
Torr � L

s
.

The leak rate is 19 � 1 Torr·L
s for the second test.

Leak Rate When Filled With C4F8

The SoLID Heavy Gas Cherenkov detector (HGC) is designed to be filled with C4F8 gas, so it is necessary
to calculate what the leak rate would be when filled with this gas instead of air. To make the gas loss over
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time more clear, the leak rate is converted from Torr·L
s to g

s . This calculation will be done with the lowest

leak rate for the vessel, 0.00054 T orr·L
s , found in test 6.

The leak rate is converted from Torr·L
s to g

s using the ideal gas law. The leak rate is first converted to
Pa·m3

s . It is then divided by the ideal gas constant and the room temperature and multiplied by the molecular
weight of air, which is 28.97 g

mol [7].

l = 0.00054
Torr � L

s
= 7.1 � 10−5 Pa � m3

s

lair = �Mair

 
V dp

dt

RT

!
= Mair

l

RT

lair = 28.97
g

mol

 
7.1 � 10−5Pa·m3

s�
8.3145Pa·m3

K·mol

�
(293K)

!
lair = 8.6 � 10−7 g

s

After converting to g
s , the leak rate of the vessel filled with C4F8 is found by multiplying the leak rate of

air by the square root of the molecular weight of C4F8 over the molecular weight of air [2].

lC4F8
= lair

r
MC4F8

Mair

lC4F8
= 8.6 � 10−7

r
200.028

28.97

lC4F8 = 2.2 � 10−6 g

s

The lowest leak rate of the vessel when filled with C4F8 is 2.2 � 10−6 g
s .

Sealant

A RTV sealant was applied to the vessel to try to make it gas tight. This sealant is the DOWSIL RTV 832
Sealant produced by the Dow Chemical Company[4]. It is 100% silcone, low out-gassing and non-corrosive,
in 300 mL tubes in the colour black.

Application method 1

The application of the sealant was first practiced on pieces of wood stapled together at various angles. To
apply the sealant, a thick bead (about the size of a pea, roughly 0.2 inches in diameter) of sealant should be
applied across the seam, pushing the bead away from yourself (see Fig. 2). The caulking gun used to apply
the sealant should be at an angle which bisects the angle of the seam. For example, if the angle of the seam
was 120◦, the nozzle of the caulking gun should be at a 60◦. Plastic scrapers made from scrap acrylic (see
Fig. 3) were made to scrape off excess sealant and to push the sealant further into the seam (see Fig.4).

Application method 2

On February 22nd, a new method to apply the sealant was used, with it first being tested on scraps of wood
(see Fig. 5). The sealant was to be applied with a smaller bead about half the size as the one used in the
first method (roughly 0.1 inches in diameter). First, a small bead of sealant was pushed out from
the tube. Then, this bead was pushed into the corner and pulled upward. Another small bead
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