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RELIEF VALVES 

SUMMARY: 

The cooling system has several sections of pipe and tanks that can be isolated with 
valves. Trapped volume relief valves are located in each trapped volume and also on the 
tanks. The valve size is based on the fire condition as described in the API Recommended 
Practice for the design and installation of Pressure-Relieving Systems in Refineries. The 
tank sizes are less than 120 gallons .and have pressures that are less than 300 psig, 
indicating code stamping is not necessary. 

ANALYSIS: 

Trapped volume relieves on the piping 

According to API code, the heat absorbed by a vessel exposed to an open fire is evaluated 
by: 

Q=21 ,000 F A.82 (Section 5, formula #9) 

Q= Total heat absorption to the wetted surface BTU/hr 
F= Environmental factor = 1 for a bare vessel with no insulation 
A= Total wetted surface in square feet 

To be conservative, all piping trapped volume relief valves were sized based on the 
largest ID pipe. 

The heat absorbed into a 10 foot section of 1 W' sch 5 pipe is 
Q=74,000 BTU/hr. 

The Latent Heat of Vaporization tor water 
H= 971 BTUlLbm. 

Dividing the heat absorbed by the Latent Heat of Vaporization of water, 
Rate of Vaporization = Q/H= 75 Ibm/hr. 

The relief pressure for the piping trapped volumes was set at 100 psig. A maximum 
allowable pressure of 100 psig was chosen to protect any instrumentation and hose 
sections from damage. At 110 psig the saturated vapor density is 4.05 ft3/lbm. This 
assumes a maximum allowable over pressure of 110%. 

Minimum allowable flow rate through the '/alvE; 
, r· }Mi1i1idw}att;~ Rate ofVapOl~:l:iltioI'J4.05 tt"3/LDm = S.l cfm 

The commercial relief valve selected was ~.T:lprv P"'" "'..lmbe{ SS-4CA. 
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Relief on the Air Separator Tank System 

The air separator tank system consists of a lower tank that is completely full and an upper 
overflow tank that never actually has liquid in it. The two tanks are connected through a 
W' sch 40 PVC pipe. There are no isolation valves between the two tanks, so the two 
tanks are considered part of the same system. 

According to API code, the heat absorbed by a vessel exposed to an open fire is evaluated 
by: 

Q=21,OOO F A.82 (Section 5, formula #9) 

Q = Total heat absorption to the wetted surface BTU/hr 
F = Environmental factor = 1 for a bare vessel with no insulation 
A = Total wetted surface in square feet 

Only the air separator tank is full of liquid during normal operations. The tank size is 24 
inches diameter and 60 inches tall 

The heat absorbed into the air separator tank 
Q=124,OOO BTU/hr. 

The upper dry tank does not have a wetted surface and is connected to the lower air 
separator tank through a %" sch 40 PVC pipe. Therefore, sizing the relief valve is based 
on the wetted surface area of the lower air separator tank only. 

The Latent Heat of Vaporization for water 
H= 971 BTUlLbm. 

Dividing the heat absorbed by the Latent Heat of Vaporization of water, 
Rate of Vaporization = Q/H= 127 Ibm/hr. 

The relief pressure for the tank pressure was set at 15 psig. At 15 psig the saturated vapor 
density is 26.29 ft3/lbm. Since the relief pressure is low, the allowable overpressure is not 
considered here. 

Minimum allowable flow rate through the valve 
Min flow rate = Rate ofVaporizationl26.29 ftA 3ILbm = 55.8 cfm 

This flow rate is reduced to a factor of 0.3 since the tank is not likely to be engulfed in 
flames. 

Min flow rate = 55.8 cfm *.3 = 16.4 cfm 

The commercial relief valve selected was a Circle Seal 500 series, 4mp relief valve. This 
valve is capable of venting 20scfm at 15 p:-;ig. 
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Relief on the Chiller Tank 

According to API code, the heat absorbed by a vessel exposed to an open fire is evaluated 
by: 

Q==21,OOO F A.82 (Section 5, formula #9) 

Q==Total heat absorption to the wetted surface BTU/hr 
F==Environmental factor == 1 for a bare vessel with no insulation 
A==Total wetted surface in square feet 

This tank is completely full of liquid during normal operations. The tank size is 12 inches 
diameter and 24 inches tall 

The heat absorbed into the tank 
Q==114,OOO BTUIhr. 

The Latent Heat of Vaporization for water 
H== 971 BTUlLbm. 

Dividing the heat absorbed by the Latent Heat of Vaporization of water, 
Rate of Vaporization == QIH== 117 Ibm/hr. 

The relief pressure for the tank pressure was set at 70 psig. At 80 psig the saturated 
vapor density is 5.47 ft3/lbm. This assumes a maximum allowable over pressure of 
110%. 

Minimum allowable flow rate through the valve 
Min flow rate = Rate of Vaporization/5.47 ft"3lLbm = 10.7 cfm 

The commercial relief valve selected was Circle Seal 500 series 2MP. This valve is 
capable of venting 25 cfm at 80 psig. 

Relief on the Expansion Tank 

The expansion tank on the platform is open to atmosphere at all times except when leak 
testing the system. When the system is Vacuum leak tested, there is a relief valve on the 
vacuum pump. When the system is pressure tested, there is a relief valve on the filling 
station. A relief valve is not required on this tank. 

CONCLUSIONS: 

Relief valves were selected based on API guidelines. The trapped volumes in the piping are 
relieved, at lop psig:The'expansion tank vii ~'1e platform does not require a relief varve since it is 
always exposed to atni6sphere: The air separator tank and dry tank are yeJ:}ted th(o~gh the,same J5, 
psi relief valve on the air separator tank. The tank on the chillt':·: tented at 75 psi. 

REFERENCES: 

API Recommended Practice 520, Design and Installation of Pressure-Relieving Systems in 
Refineries. 
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COOLANT VOLUME CHANGES WITH TEMPERATURE 

SUMMARY: 

The cooling system has about 200 gallons of coolant. When the system cools down or 
warms up, it goes through a temperature change of about 55 F. The thermal expansion of 
the liquid becomes significant with these large volumes and temperature changes. 

ANALYSIS: 

Coolant Volume Change with Temperature 

The coolant is a mix of 70% distilled water and 30% ethylene glycol. The average density of the 
coolant at 14 F is 1.051 gm/cc and at 68 F is 1.043 gm/cc. Calculating the change in volume for a 
system volume of 200 gallons: 

Volume = 
200 Gallons= 46200 inJ\3 =757082 cc 

Density at 14 F 
1.051 gm/cc 

Mass of coolant at 14 F 
=1.051 gm/cc* 757082 cc 
= 795693 gm 

Density at 68 F 
1.043 gm/cc 

Volume of coolant at 68 F 
=795(,93 gmfl.043 gm/cc =762889 cc 

Change in Volume 
=762889 cc - 757082 cc 
=5807 cc = 354 inJ\3 = 1.53 gallons 

CONCLUSIONS: 

When the system warms up or cools down with a temperature change of 54 F, a system volume 
change of 1.53 gallons should be expected . 

. . ,}U:FERENCES: 

Union Carbide Figure 5, Speci~c '3ra";~ies OJ Aqueous Ethylene Glycol Solutions. 
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NOMINAL OPERATING COOLANT LEVELS 

SUMMARY: 

The nominal operating coolant level depends on four conditions, if the chiller pump and 
vacuum pumps are OFF, if the Chiller pump is OFF and the Vacuum pump is ON, and if 
both the chiller pump and Vacuum pumps are ON and system volume changes due to 
coolant temperature changes. 

ANALYSIS: 

Fill level with the vacuum pumps OFF and chiller pumps OFF 
When the system is filled with the chiller pumps and vacuum pumps OFF, the system 
level is set 10 inches below the center of the beampipe. This assumes the coolant is at 
room temperature and the expansion tank is open to atmosphere with a nitrogen purge 
above the liquid surface. Setting the coolant level to this elevation guarantees there will 
never be a positive head pressure on any of the silicon cooling channels. 

Conditions: 

Fill level 

Coolant at room temperature -68F 
Chiller pumps are OFF 
Vacuum pumps are OFF 
Expansion tank open to atmosphere 

Level in the expansion tank 

or, 
10" below the beam pipe, 

28.9 inches (1.044 psid water, 1.097 psid glycol mix) of 
coolant above the Tank's lower Differential Pressure port 

Level in the clear PVC pipe above the Air Separator Tank 
10" below beam pipe center 

or. 

or, 
15 feet Y2 inch above the sidewalk floor. 

12 feet 11 Y2 inches (5.6 psid water, 5.9 psid glycol mix) of 
coolant head on the Tank's lower differential pressure port 

Fill level with the vacuum pump ON and the chiller pump OFF 

The system levels change when the vacuum pump (MB-602, Senior Engineered 
Products) turns ON and the chiller pump remains OFF. The Vacuum pump maximum 
achievable pressure is 25" of mercury. This corresponds to 28.3 feet of water. When the 
vacuum pt'mp is turned ON, the vacuum will lift liquid in the clear piping above the air 
separator tflnk approximatel~ 27.5 feet. The liqUid i~ jJuP!'"o trom.the expansion'tank 
reservoir. Tii': ;/olume in the deft:· PVC . i.int! reduces the expansion tank level. The clear 
PVC line is %" ~:.:l to pipe with an ID of 0.524". The %'~ pipe has a volume.ofO.01l2 
gallons per foot. When the vacuum pump is turned ON the 28.3 feet of lift will pull 0.32 
gallons of liquid out of the expansion tank. The expansion tank has a diameter of 16" 
which corresponds to a volume of 1 gallon per inch heIght of tank. The 0.32 gallons 
removed from the tank when the vacuum pump is turned ON lowers the liquid level in 
the tank by 0.32 inches. 
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Change in the expansion tank liquid level when the vacuum pump turns ON 
Approximately 0.32 inches lower 

New nominal level 
28.6 inches above the DPT port 
(1.033 psid water, 1.086 psid glycol mix) 

Change in the Liquid level in clear piping above the air separator tank when the vacuum 
pump turns ON 

Increase in level 
28.3 feet (maximum) 

New nominal level 
27.5 feet above the beam pipe center (maximum) 
19.15 psid water, 20.13 psid glycol mix at the DPT 
port 

For reference, the differential pressure port on the Air separator tank is 13.8 feet below 
the beam pipe center. 

Measurements of the vacuum pump indicate a maximum suction of -1 0.6 psig or a lift of 
approximately 24.5 feet. The new nominal level measured would be close to 16.5 psid 
mix at the DPT port 

Fill level with the vacuum pumps ON and the Chiller pumps ON 

After the system has been filled, and the vacuum pump turned ON, the coolant level 
changes again when the chiller pump is turned ON. The level in the clear PVC piping 
depends on the differential pressure between the air separator tank and the dry tank above 
the crane rail. The pressure in the air separator tank can be read using the pressure gauges 
in the piping between the tank and the chiller pump. The height of the liquid in the piping 
above the air separator tank can be calculated by taking the differential pressure between 
the return side of the chiller pump and the vacuum pump pressure. 
At 11 gpm, the nominal system flow rate, a return suction pressure of 8 psi a is expected. 
Assuming a vacuum pressure of 25 inches Hg, or :2.~. PSIa, a differential pressure of 5.5 
psi, or 12.9 feet of water is expected. The expected liquid level in the clear piping above 
the air separator tank is about 13.5 feet above the sidewalk floor, or about 2.4 feet below 
the beam pipe centerline. 

To determine the maximum system flow rate, the minimum liquid level above the air 
separator tank is considered. The air separator tank should be full at all times. The height 
of the tank above the sidewalk floor is about 84 inches. The DPT port is about 25 inches 
from the floor. This sets a differential pressure limit of 59 inches of coolant (2.3 psi) 
between the return side of the chiller pump and the vacuum pump pressure. This limit 
imposes a minimum chiller pump suction of 2.3 psid plus 2.4 psi a vacuum or 4.7 psia. 

Liquid level in the piping ""-', .. Vt ~he all :;coaratJf,tank 
!\ssump.s pumr G!lction operating pressure 

range of 4.7 psia to 8 psia, 
Operating liquid level 

7 feet to 13.5 feet above the sidewalk floor. 
Minimum DPT reading on Air Separator Tank, 

2.3 psid 

To be conservative, the DPT low limit is set at 80" of water, 2.9 psid 
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Expected volume change when the coolant goes from warm to cold 

The coolant system is started with the coolant at room temperature (68F). The normal 
operating temperature is 14F. The coolant volume decreases with temperature change, 
per above calculation, 1.53 gallons. The expansion tank is 16 inches in diameter and 
holds approximately 1 gallon of liquid per inch height. When the coolant is chilled to 
14F, it is expected that the expansion tank level will decrease approximately 1.5 inches. 
Although the liquid height will change, the psid over the tank will not. 

CONCLUSIONS: 

The system level changes based on the stage of operation. When the system is first filled, the 
liquid level is filled to 10 inches below the beam pipe. When the vacuum pump is turned ON, the 
liquid is pulled up about 28 feet in the piping above the air separator tank. The liquid level 
decreases in the expansion tank by 1/3 of an inch. When the chiller pump is turned ON, the 
expansion tank liquid level should stay stable. The pump suction pressure reduces the liquid level 
above the air separator tank. The normal liquid level in the piping above the air separator tank 
operating limits are 7 to 13.5 feet above the sidewalk floor. This corresponds to a pump suction 
pressure of 4.7 psi a to 8 psia depending on the system flow rate. 
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SYSTEM FLOW CURVES 

SUMMARY: 

Flow curves for the filters, manifolds, and chiller are given. Also, expected flow curves 
are given for different sections of piping. The system piping is described by dwg 
#386983 and #399294. 

ANALYSIS: 

System flow curves 
Expect filter flow curve 

The flow curve of two 9 3,4" pleated polyethylene filters in parallel were measured by 
Bruce Squires. He describes the flow curve as 

Flow (gpm) == 7.9 sqrt(dP) 
Where dP is the differential pressure in psi. 

At 11 gpm the expected drop over the filters is 1.93 psid. If the pressure drop over the 
filters increases above 3 psid, the filters should be replaced 

Expected silicon manifold flow curve 
The silicon manifold flow curve is described in the Manifold Flow Measurement Section 
of the E-note. The curve that describes the expected flow curve through the silicon 
including the H-disk manifolds is 

Psid==.OO68 gpmA2 +.6377 gpm 
Where gpm is the total system flow rate 

At 11 gpm, the expected drop over the manifolds is 7.84 psid. 

Expected chiller flow curve 
Bruce Squires measured the chiller flow curve. It assumes the Goulds pump and piping 
chiller piping configuration at the time of the test. The flow curve can be described by: 

Psid==O.0212 ;?:pm"2 +O.193m 
At 11 gpm, the expected drop over the chiller i~ 4.,)9 psid. 

Expected System Fiow Curve 
With a bypass at the CC faces 

For diagnostic purposes, the entire system can be operated without the silicon 
part of the system. Putting in a bypass hose across the hosebarbs on the CC faces 
does this. This bypass is used when coolant is not desired in the silicon. Table 1 
lists items in the coolant path and the expected pressured drop at Ilgpm flow 
rate. A flow rate of 11 gpm can be achieved by throttling the flow with a ball 
valve and monitoring the flow meters. 
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T bl 1 r f" a e , 1St 0 Items an d h . d t elr expecte . pressure d ropa t 11 gpm 

ITEM PSID AT 11 GPM 
Chiller 4.69 psid 
Filters 3 psid 
23 elbows supply 1.1 psid 
140 feet straight pipe, supply 8.88 psid 

Hose Barbs, supply 0.7 psid 
Expansion in and out of Tank 0.24 psid 
Hose Barbs, Return 0.3 psid 
136 feet straight pipe, return 3.48 psid 
9 elbows, return 0.14 psid 
Total 22.53 psid 

If the chiller pump is started in this configuration with the throttle valves wide 
open, the system flow rates are different. To match the system curve with the 
March pump curve, the system flow rate would be about 17 gpm with a pressure 
drop of 82 feet over all of the components in Table 1. With the expansion tank 
open to atmosphere, the pressure at the pump suction is -5 psig. This indicates 
the pump would run normally without cavitating. This indicates the system 
could be operated with the throttle valves wide open. 

With a bypass at the under the sidewalk piping 
For diagnostic purposes, the system can be operated through the piping on the 
sidewalk with a bypass at the cryo corner. This bypass is used when coolant is 
not desired in the platform plumbing. Table 2 lists items in the coolant path and 
the expected pressured drop at IIgpm flow rate. A flow rate of 11 gpm can be 
achieved by throttling the flow with a ball valve and monitoring the flow meters. 

T bl a r f' e 2, 1St 0 Items an dth· elr pressure d rop at 11 gpm 

ITEM PSID AT 11 GPM 
Chiller 4.69 psid 
Filters 3 psid 
13 elbows s~ply . _______ 0.607 psid 

1----
1.05" ID, 73 feet straight pipe, :mpplv 6.15 V.;d 
Hose Barbs, supply 0.7 psid 
Hose Barbs, Return 0.3 psid 
0.92" ID, 73 feet straight pipe, return 2.02 psid 
6 elbows, return 0.09 psid 
Total 17.6 psid 

If the chiller pump is started in this configuration with the throttle valves wide 
open, the system flow rates are different. To match the system curve with the 
March pump curve, the system flow rate would be about 22 gpm with a pressure 
drop of 82 feet over all of t\1e compcnen~s ill Table 1. The pump suction would 
see hal~ )f the overall pressure drop or require \ 1 feet of SilCti(;'._ This indicates 
the pump would cavitate. Do not start or run the system ;~ this configuration 
with the throttle valves wide open. 
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With the system in its normal operating mode. 

For diagnostic purposes, the entire system can be operated without the silicon in 
the system. Placing a bypass hose across the hosebarbs on the CC faces does 
this. This bypass is used when coolant is not desired in the silicon. Table 2 lists 
items in the coolant path and the expected pressured drop at 11 gpm flow rate. A 
flow rate of 11 gpm can be achieved by throttling the flow with a ball valve and 
monitoring the flow meters. 

Table 3, list of items and their pressure drop at 11 gpm 

ITEM PSID AT 11 GPM 
Chiller 4.69 psid 
Filters 3 psid 
23 elbows supply 1.1 psid 
140 feet straight pipe, supply 8.88 psid 

Hose Barbs, supply 0.7 psid 
Expansion in and out of Tank 0.14 psid 
Silicon detector 8-9 psid 
Hose Barbs, Return 0.3 psid 
136 feet straight pipe, return 3.48 psid 
9 elbows, return 0.14 psid 
Total 30.43 psid 

If the chiller pump is started in this configuration with the throttle valves wide 
open, the system flow rates are different. To match the system curve with the 
March pump curve, the system flow rate would be about 12.5 gpm with a 
pressure drop of 82 feet over all of the components in Table 1. With the 
expansion tank open to atmosphere, the pressure at the pump suction is -10 psig. 
This indicates the pump would run normally without cavitating. However, at this 
higher flow rate, the liquid level in the air separator tank would be below the 
low limit. This indicates the system should not be operated with the throttle 
valves wide open. 

Sample calculations of pressure dr~ps in the piping. 
A sample calculation of the pressur~ drop over a foot pipe, an elbow, and the inlet and 
outlet of a tank is given. The assumed conditions are a flow rate of 11 gpm, 30-70 mix of 
glycol, and the coolant at -1Oe. 

Pressure drop in 1 foot of pipe 
Row, Fluid Density = 1054 KglM"3 
Flow = 12.5 gpm out of the pump = 0.00075 M"3/sec 
Viscosity = 0.006 N*sec/M"2 
v-Kinematic viscosity= 5.6926 e-6 M"2/sec 
Pipe ID =1.185 for 1 inch st:h 5 pipe 

=0.03 Meter . 
Length ofp.ipe'L:;:: If6b(~.3'meie,rs 

Cro~sectiorial area of pipe = PI*ODf'2)"2 
": 3.141 *(1.185/2)"2 
= 1.102 in"2 = 
=0.00071 M"2 

Linear flow velocity in pipe,V 

12 

= Flow/area 
= 0.00075/0.00071 
=1.056 Mlsec 



R, Reynolds number 
=4*Flow/(PI*Kinematic Viscosity*ID) 
=4*0.00075/(3.141 *5.6926e-6*0.03) 
=5592 >2200 which indicates Turbulent flow 

f, Friction factor 
=0.316*RI\-.25 
=0.316*55921\-.25 
=0.036 

velocity head 
=f(LlID)*VI\2/2 
=0.036*(0.3/.03)*1.0561\2/2 
=0.20 Ml\2/secl\2 

MUltiplying by the fluid density to get pressure 
=0.20 * 1054 
= 210.8 N/m1\2 
= 0.03 psi drop per foot of pipe 

Pressure drop over one long radius elbow 
Row, Fluid Density = 1054 KglMI\3 
Flow = 12.5 gpm out of the pump = 0.00075 Ml\3/sec 
Viscosity = 0.006 N*seclM1\2 
v-Kinematic viscosity= 5.6926 e-6 Ml\2/sec 
Elbow ID =1.185 for 1 inch sch 5 pipe 
Friction term K for 1" elbow = 0.3 

Crossectional area of elbow = PI*(ID/2)1\2 
= 3.141 *(1.185/2)1\2 
= 1.1 02 inl\2 = 
=0.00071 MI\2 

Linear flow velocity in elbow,V = Flow/area 

Pressure drop across elbow 
=Row*K*VI\2/2 
= 1054*0.3* 1.0561\2/2 
=176.3 NIM"2 

= 0.00075/0.00071 
=1.056 M/sec 

= 0.025 psid per I" long radius elbow 

Pressure drop over the inlet and outlet of a tank 
Row, Fluid Density = 1054 KglMI\3 
Flow = 12.5 gpm out ofthe pump = 0.00075 Ml\3/sec 
Viscosity = 0.006 N*sec/MI\2 
v-Kinematic viscosity= 5.6926 e-6 Ml\2/sec 
Elbow ID =1.185 for 1 inch sch 5 pipe 
Friction term Ke for expansion into a tank = 1 
Friction term Kc for contraction into the piping = 1 (most conservative value) 

. Pipe'fD'clf"the ~tth~ irtl~tJoutlet ~f the t(lnl<:. 1 ! 85 
Crossectional area of the pipiag gomg il1~:' aniJ f"~; of the tank = PI*(ID/2)1\2 
'; . ,I : !"" - t = 3.141~(i.l-:~/2)1\2 

= 1.102 inl\2 = 
=0.00071 MI\2 

Linear flow velocity in inlet/outlet of the tank, V 
= Flow/area 

13 

= 0.00075/0.00071 
=1.056 M/sec 



CONCLUSIONS: 

Pressure drop across tank 
=Row*Ke*V"212+ Row*Kc*V"212, 
=2*Row*K*V"212, assumes both inlet and outlet pipe sizes are 1" pipe 
= 2* 1054*1 *1.056"212 
= 1175 N/M"2 
= 0.17 psid per tank 

Flow curves were given for various components of the silicon cooling system. Sample calculations 
were given for some of the fittings in the system. Care should be given to understand the system 
flow curve to prevent pump cavitation and to maintain liquid level limits in the air separator tank. 
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HEAT LOSSES 

SUMMARY: 

The cooling system piping is insulated to prevent excessive heating to the coolant and to 
prevent the pipes from condensing moisture. Depending on the location of the pipe or 
tank, it is either insulated with foam or a vacuum jacket. In the case of vacuum jacketed 
lines, heat losses through the isolators and through the walls are calculated. Another 
source of heat to the system is the work the chiller pump does on the liquid. 

ANALYSIS: 

Expected coolant heating through Foamed lines 
Some ofthe piping is insulated with a foam jacket. The heating into the coolant through 
the foam-insulated line is calculated. To give a conservative estimate ofthe heating, the 
largest diameter pipe is used in the calculation. The temperature of the foam exposed to 
the air surface is calculated by balancing the heat loss due to air convection with the 
conductive heat through the foam wall. 

ID of the insulation 
ID = 0.048 M 

=1.9 inch 
OD of the insulation 

OD =0.099M 
=3.9 inch 

wall thickness of the insulation 
L =0.025 M 

= 1.0 inch 
Thermal conductivity of the typical insulation 

K ",O.05WIMK 
=0.029 Btulhr-ft-F 

Air thermal convection coefficient 
H =2 WIMJ\2K, assumes air velocity over the insulation is low 

Room Temperature 
=68F 
-293 K 

Liquid temperature 
=14F 
=263K 

ID SUI {.r .>: area of insulation in one foot of pipe 
. IDa ·c-iW316 rpJ\) 

OD slirface ?F" <e;: H1sJlati\l" in o~e fov~ 0t pipe 
uDa =0.0681 111;'2 

Heat loss through the insulation 
QK= K*IDa*(Tliquid-Twall)/L 
QK= 0.05* 0.0316*(263-Twall)/0.025 

Heat added by air convection 
QH= H*ODa*(Troom-Twall) 
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QH= 2*0.0681 *(293-Twall) 

QH must equal QK for energy balancing. Twall the temperature of the insulation 
exposed to the air is calculated by setting QH=QK 

Twall = 283K 
=50.5F 

The wall temperature is greater than the dew point, so its unlike condensation 
will occur on the foamed piping. 

The heat added to the coolant per foot of pipe is calculating the QH or QK by 
substituting in the temperature for Twall 

QH= 2*0.0681*(293-283) 
QH= 1.4 watts per foot of insulated pipe. 

There is approximately 70 feet of pipe. The total coolant heating on the sidewalk 
is estimated at 100 watts 

Expected coolant heating due to the chiller pump 

Due to inefficiencies in the pump, work is done on the coolant by the pump. Using the 
pump curve for the March pump TE-7.5K-MD, an efficiency of 20% in expected at 11 
gpm. The pump HP required at 11 gpm is 1.15 HP. Heat input into the liquid is 0.92 HP 
or 686 watts. For reference, the theoretical power required to pump water to an 80 foot 
head is 226 watts. 

Expected heat loss through the Air separator tank wall 
The air separator tank is insulated with Armorflex foam. Heating due to air convection of 
the surface of the tank is calculating. The temperature of the foam exposed to the air 
surface is calculated by balancing the heat loss due to air convection with the conductive 
heat through the foam wall. The heat input into the tank is then calculated. 

The wetted surface area of the tank is calculated assuming the tank is a cylinder with flat 
ends. 

Tank Diameter 
D =24 inches 

Liquid height in the tank 
H = 54 inches 

Wetted surface area 
Aw =2*(D/2)"2*PI+D*PI*H 

=2*(24/2)"2*3.141 + 24*3.141*54 
= 4974 in"2 
= 3.2 M"2 

Wall thickness of the insulation 
L =0.05M 

= 2.0 inch 
Thermal conductivity of the Armorflex insubtion 

K =0.039 W/MK 
Ajr itj<"';lma] convectL:.- "."- :t~··~t.ni 

~1. =~ V¥ 1.i.v1"2K, assumes air velocity over the insulation is low 
Room Temperature 

=68F 
=293K 

Liquid temperature 
=14F 
=263K 
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Heat loss through the insulation 
QK= K * Aw*(Tliquid-Twall)/L 
QK= 0.039*3.2*(263-Twall)/0.025 

Heat added by air convection 
QH= H*Aw*(Troom-Twall) 
QH= 2*3.2*(293-Twall) 

QH must equal QK for energy balancing. Twall the temperature of the insulation 
exposed to the air is calculated by setting QH=QK 

Twall = 285K 
=53F 

The wall temperature is greater than the dew point, so it is unlikely condensation 
will occur on the foamed tank. 

The heat added to the coolant is calculating the QH or QK by substituting in the 
temperature for Twall 

QH= 2*3.2*(293-285) 
QH= 51.2 Watts. 

Expected coolant heating through the Expansion tank wall 

The air separator tank is insulated with Armorflex foam. Heating due to air convection of 
the surface of the tank is calculating. The temperature of the foam exposed to the air 
surface is calculated by balancing the heat loss due to air convection with the conductive 
heat through the foam wall. 

The wetted surface area of the tank is calculated by assuming the tank is a cylinder with 
flat ends. 

Tank Diameter 
D =16 inches 

Liquid height in the tank 
H = 32 inches 

Wetted surface area 
Aw =(D/2),,'2*PI+2*D*PI*H 

=(16/2)"'2*3.141 + 2*16*3.141 *32 
= 3416 in"'2 
= 2.2 M"'2 

Wall thickness of the insulation 
L =0.025 M 

= 1.0 inch 
Thermal conductivity of the Armorflex insulation 

K =0.039WIMK 
Air thermal convection coefficient 

H =2 W/M"'2K, assumes air velocity over the insulation is low 
~ocm Temperature 

~6[ f 
=2.9i K 

Liquid temperature 
=14F 
=263K 

Heat loss through the insulation 
QK= K*Aw*(Tliquid-Twall)/L 
QK= 0.039*2.2*(263-Twall)/0.025 
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CONCLUSIONS: 

Heat added by air convection 
QH= H* Aw*(Troom-Twall) 
QH= 2*2.2*(293-Twall) 

QH must equal QK for energy balancing. Twall the temperature of the insulation 
exposed to the air is calculated by setting QH=QK 

Twall = 286K 
=56F 

The wall temperature is greater than the dew point, so it is unlikely condensation 
will occur on the foamed tank. 

The heat added to the coolant is calculating the QH or QK by substituting in the 
temperature for Twall 

QH= 2*2.2*(293-286) 
QH= 30.8 Watts. 

Expected heating to the system was calculated for heating through the tank walls, the foam 
insulated lines, and heating due to the chiller pump. The tanks add about 80 watts of heat, the 
insulated piping adds about 100 watts of heating, and the chiller pump adds the most heating at 
about 700 watts. The total heat input into the coolant with the silicon power OFF is expected to be 
less than 1000 watts. 
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HEAT REQUIRED TO WARMUP SILICON WITH THE 
CHILLER PUMP OFF 

SUMMARY: 

If for some reason the silicon detector needs to be warmed to above the dewpoint quickly, 
the dry gas purge could be used. A simple calculation is given to determine the minimum 
amount of dry air needed to warm the mass of the silicon detector. The calculation is 
based the energy balance between heat loss in a given amount of dry air and heat gained 
in the mass of the silicon detector. The H-disk, F-disk and Barrels are considered 
separately. 

ANALYSIS: 

The amount of dry air required to heat an H-disk from -10 C to 5 C 

Temperatures 
Be temp 
Si temp 
Incoming air temp 
Dewpoint 

-lOC 
-lOC 
20C 
15 C 

Heat Capacities 
C-Be 
C-Si 
Coolant 

1750J/Kg.K 
712JlKg.K 
3683.7 JlKg.K 

Amount of material in the H-disk 
M-Se 0.651 Kg 
M-Si 0.250 Kg 
M-coolant 0.040 Kg 

The total mass of one H-disk is estimated at 0.941 Kg 
Energy required to warm the material from -10 C to 5 C 

Energy required a, is the mass times the heat capacity times the temperature change 
a-Se 1140 J 
a-Si 178 J 
a-coolant 147 J 
Total 1465 J 

l'he amount of air reqUlr~d tf'l balance the energy equation is 
Air density 1.1614 Kg/M"3 at 1 atm 
Heat Capacity 1007 J/Kg.K 
a=mCdt 
M =a/Cdt 

=1465/1007*5 
=0.29 Kg of air 
= 0.82 m"3 
=10ft"3 of dry air 
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To warm one H-disk from -10 C to 15 C requires about 10 ftA 3 of dry air at 20 C. There are 2 H­
disks per end or a total of 4 H-disks in the system. To warm all 4 H-disks would require about 40 
ftA 3 of dry air at room temperature. 

The amount of dry air required to heat an F-disk from -10 C to 5 C 

Temperatures 
Be temp 
Si temp 
Incoming air temp 
Dewpoint 

Heat Capacities 
C-Be 
C-Si 
Coolant 

Amount of material in the F-disk 

-10 C 
-10 C 
20C 
IS C 

17S0J/Kg.K 
712JlKg.K 
3683.7 J/Kg.K 

M-Be 0.0507 Kg 
M-Si 0.144 Kg 
M-coolant 0.0055 Kg 

The total mass of one F-disk is estimated at 0.2 Kg 
Energy required to warm the material from -10 C to 5 C 

Energy required a, is the mass times the heat capacity times the temperature change 
a-Be 2218 J 
a-Si 2563 J 
a-coolant 505 J 
Total 4781 J 

The amount of air required to balance the energy eql:~t!or; is 
Air density 1 .1614 Kg/M7\3 at 1 atm 
Heat Capacity 1007 J/Kg.K 
a=mCdt 
M =Q/Cdt 

=4781/1007*5 
=0.95 Kg of air 
= 0.82 m7\3 
=29 ft7\3 of dry air 

To warm one F-disk from -10 C to 15 C requires about 32 ftA 3 of dry air at 20 C. There are 6 F­
disks per half c::'linder or a totai of 12 F-disk!> in the system. TO wann an 12 F-disks would require 
about 350 fL"'3 of dry ai,. 

The amount of dry air required tt.ih.eltt a Barrel f~ om --10 C to 5 C 

Temperatures 
Be temp -10 C 
Si temp -10 C 
Incoming air temp 20 C 
Dewpoint 15 C 
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Heat Capacities 
C-Be 
C-Si 
Coolant 

1750J/Kg.K 
712 J/Kg.K 
3683.7 J/Kg.K 

Amount of material in the Barrel 
M-Be 0.28 Kg 

0.55 Kg 
0.04 Kg 

M-Si 
M-coolant 

The total mass of one Barrel is estimated at 0.87Kg 
Energy required to warm the material from -10 C to 5 C 

Energy required Q, is the mass times the heat capacity times the temperature change 
Q-Be 12250 J 
Q-Si 9790 J 
Q-coolant 3683 J 
Total 22040 J 

The amount of air required to balance the energy equation is 
Air density 1.1614 KglM"3 at 1 atm 
Heat Capacity 1007 J/Kg.K 
Q=mCdt 
M =Q/Cdt 

=22040/1 007*5 
=4.38 Kg of air 
=3.77 m"3 
=134 ft"3 of dry air 

To warm one barrel assembly from -10 C to 15 C requires about 134 ft"3 of dry air at 20 C. There 
are 3 F-disks per half cylinder or a total of 5 barrels in the system. To warm all 6 barrels would 
require a minimum of 800 ft"3 of dry air. 

CONCLUSIONS: 

A minimum of 1200 cubic feet of air at room temperature is required to warm up the silicon 
detector from -10 C to 5 C. The calculations are based on complete energy transfer from the air to 
the silicon detector. 
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MANIFOLD FLOW MEASUREMENTS 

SUMMARY: 
Manifolds were built to provide coolant to the central silicon detector. The device coolant paths require 
four manifolds; two supply manifolds and two return manifolds. The manifolds can be broken down into 
two sections, the silicon manifold, which services the central silicon trough, and the H-disk manifold, 
which services the H-disks. The central silicon manifolds are constructed of W' schedule 80 pvc pipe. The 
H-disk manifolds are constructed of Y2" sch 40 pipe. PVC nozzles were glued into the pipes to make 
connections to the silicon cooling rings. The manifolds were then flow tested on a test rig at the Photon 
Assembly Building. Orifices were placed into the nozzles as required to balance the flows between coolant 
paths. 

COOLANT PATHS: 

A schematic of the coolant paths is included as DWG # 900888. A supply and a return line is located at the 
3 O'clock and 9 O'clock positions on the silicon support trough. Each supply line drains into both return 
lines. 

MECHANICAL DRAWINGS: 

Mechanical Drawings of the manifolds are included as DWG #'s 386679 through #386682. A rough 
mechanical schematic of how the manifold is connected to the device is included as DWG # 399235. The 
coupling hose used was Cilran 1,4" and 3/16" tubing purchased from McMaster Carr. Formed elbows are 
used to couple to the barrel cooling rings and are included as DWG # 399105. Adjusting the flows to each 
device/cooling ring is done by placing an orifice in the return side nozzle on the manifold. Drawings for the 
different size orifices are DWG #'s 386990 and 386991. 

DEVICE FLOW CURVES: 

Device Flow curves were both measured using models and calcuiated. References for this information 
came from Bill Cooper. The flow curves that are attached have Pressure drop vs. Flow and Temperature vs. 
Flow. The device flow is based on where the Temperature and Pressure drops curves cross. The flow is 
then picked a little higher than this point to ensure a low device temperature. 

TEST SETUP: 

Cary Kendziora's group built the test setup at PAB. The setup included dummy devices that were 
precalibrated to the device flow cw·ve. The F-ctisk dUI,!mies were a piece of flattened stainl~ss tubing. 
Flatte~ dimt.E.,ions were about 4" long by W' wide b.' '1bout .Q90" : ... : ,1. The original stamle::;s tubin;;: 
Yv.:tllthickness was 0.035". The siI)1ulated barrel devices wc' a pier.(':::f '';,'' tubing wrapped in a c.i.rcle of 
about 4" diameter. Total tubing length was abqut 24 inches. 1\.t ,he ew:1 n' ~."ch piece oftubing was a , 
ch"wber. The.chamber size ~as about 1'; diamekr and abt.::ut IS' lung. All components for each half 
cylinder were tested at the same time induding tht; 2 return and the 2 supply manifolds. Pressure drops 
were then measured across each dummy device. The pressure drop across the device can then be cross 
checked to the flow going through the device using the device flow curves. Tubing length from the 
manifold to the dummy device was modeled from the actual half cylinder. The tubing used was 1,4" 

servicing the silicon barrels and 3/16" servicing the f-disks. Both diameters were made ofCilran Tubing. 
The coolant path to the barrel devices included 2 PVC elbows. 
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RESULTS: 
Results recorded are the pressure drop across the system and the pressure drops across each device. The 
flows can then be interpreted from this data. Table 1 gives results for the South half manifolds; Table 2 
gives results for the North Half Manifolds. Table 3 gives results for the North Half Silicon Manifolds with 
the North H-disk Manifolds. Table 4 is the expected flows. The test rig was used first with the South half 
manifolds, so the Table does not include the system pressure drops. Also during the testing of the South 
half manifolds, the chiller pump failed and debris from the pump caused the device flow characteristics to 
change in the dummy F-disks. This was discovered during the testing and the F-disks were then cleaned 
and testing continued. Test conditions were 30% ethylene glycol 70% distilled water. Coolant temperature 
was 14 deg F. To ensure the system was cold, results were recorded after the manifolds had condensed 
moisture. 

T bl 1 S h h If .£ Id a e out a mam 0 testmg resu ts. 

DEVICE Pressure Pressure Pressure Pressure Pressure Pressure 
Drop Drop/orifice Drop/orifice Drop/orifice Drop/orifice Drop/orifice 
(No Orifice) Diam Diam Diam Diam Diam 

F-disk 6 7.0 6.2/0.1 5.5/0.080 4.65/0.080 5.7/0.100 5.3/0.100 
F-disk 5 7.15 6.55/0.1 5.55/0.080 4.6/0.080 5.9/0.100 5.5/0.100 
F-disk 4 7.45 6.95/0.1 5.55/0.080 4.55/0.080 5.9/0.100 5.55/0.100 
F-disk 3 6.95 6.4/0.125 5.35/0.080 4.3/0.080 6.110.100 5.6/0.100 
Barrel 3-3 6.55 5.2/0.125 7.0/.125 5.65/.125 5.8/0.125 5.4/0.125 
Barrel 3-9 6.55 5.2/0.125 7.0/.125 5.65/,125 5.8/0.125 5.4/0.125 
F-disk 2 6.3 6.2 7.45 6.1 6.1 5.6 
Barrel 2-3 5.75 5.6 7.4 5.85 6.0 5.5 
Barrel 2-9 5.9 5.75 7.5 5.9 6.2 5.6 
F-disk 3 6.35 6.25 7.65 6.2 6.2 5.7 
Barrel 1-3 6.0 5.85 7.7 6.2 6.1 5.7 
Barrel 1-9 5.55 5.65 7.7 6.15 6.0 5.7 
System *A *A 24.7 -13 21.1-11.5 21.7-12.3 20.4-11.8 
Drop psia psi a psi a psi a 
Supp!y-

I Return 
Notes *B *B *C *C *C *C 
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Pressure 
Drop/orifice 
Diam 
6.2/0.100 
6.3/0.100 
6.35/0.100 
6.5/0.100 
6.2/0.125 
6.3/0.125 
6.6 
6.5 
6.65 
6.7 
6.6 
6.7 
23.0-12.8 
psia 

I *C -i 



Table 2. Nort h h f .~ Id al mam 0 testmg resu ts. 

DEVICE Pressure Pressure Pressure Pressure Pressure 
Drop Drop Drop Drop/orifice Drop/orifice 
(No Orifice) (No Orifice) (No Orifice) Diam Diam 

F-disk 6 6.8 6.2 5.4 4.75/0.10 5.3/0.10 
F-disk 5 6.5 6.0 5.2 4.8/0.10 5.4/0.10 
F-disk 4 6.8 6.2 5.4 4.7/0.10 5.3/0.10 
F-disk 3 6.8 6.2 5.4 4.5/0.10 5.35/0.10 
Barrel 3-3 6.8 6.0 5.3 4.5/0.125 5.15/0.125 
Barrel 3-9 6.7 6.1 5.2 4.7/0.125 5.5/0.125 
F-disk 2 5.4 5.0 4.4 4.65 5.3 
Barrel 2-3 5.9 5.3 4.7 5.0 5.7 
Barrel 2-9 6.0 5.4 4.7 5.5 5.8 
F-disk 3 6.0 5.5 4.8 4.95 5.9 
Barrel 1-3 5.9 5.4 4.6 5.1 5.8 
Barrel 1-9 5.9 5.3 4.75 4.9 5.7 
System Drop 23-13 21.4-13 19.6-12.4 19.4-12 21.4-12.5 
Supply-
Return 
Notes *C *C *C *C *C 

T bl 3 N h h If ST a e ort a I Icon M .~ Id am 0 I . I d' h N h H d' k Manifolds. testmg resu ts mc u mg t e ort - IS 

Pressure Pressure Pressure 
Drop/orifice Drop/orifice Drop/orifice 

DEVICE Diam Diam Diam 
H-disk 2 3.7 2.2/0.08 2.7/0.10 
H-disk 1 3.4 2.0/0.08 2.7/0.10 
F-disk 6 5.3/0.10 5.2/0.10 5.2/0.10 
F-disk 5 5.0/0.10 5.2/0.10 5.4/0.10 
F-disk 4 5.2/0.10 5.3/0.10 5.3/0.10 
F-disk 3 5.110.10 5.5/0.10 5.1/0.10 
Barrel 3-3 5.5/0.125 5.3/0.125 5.4/0.125 
Barrel 3-9 4.9/0.125 5.0/0.125 5.110.125 -'-- ~.O F-disk 2 4.6 5.2 
Barrel 2-3 5.3 6.3 5.5 
Barrel 2-9 5.5 6.0 5.6 
F-disk 3 5.5 6.4 5.65 
Barrel 1-3 5.4 6.2 5.5 
Barrel 1-9 5.3 6.2 5.6 
System Drop 17-7.8 16.3-6.9 17.4-9.1 
Supply-
Return 
Notes *D *D *D 

* A ..,.System Pressure not available 
*B- Pump Failure caused debris to olte, P .:.isk flow curve;; 
"c- Filter placed in system, F-clio:k8 cleaned 
*D- H-disk nozzles did not have proper orientation 

--

Pressure 
Drop/orifice 
Diam 
2.8/0.10 
2.7/0.10 
5.2/0.10 
5.4/0.10 
5.2/0.10 
5.05/0.10 
5.4/0.125 
5.0/0.125 
5.25 
5.5 
5.8 
5.7 
5.7 
5.7 
17-8.7 

*E 

*E- H-disk manifolds were replaced and re-tested with correct nozzle orientation 

Pressure 
Drop/orifice 
Diam 
6.4/0.10 
6.9/0.10 
6.6/0.10 
6.4/0.10 
6.5/0.125 
6.9/0.125 
6.65 
7.4 
7.5 
7.4 
7.4 
7.3 
25.2-14 

*C 

Based on the measured pressure drops, expected device flows can be found from referring to the device 
flow curves that are attached to this document Table 3 lists the expected flows for each device. 
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Tab e l4E xpecte dD . Fl eVlce ows, b d ase d on measure . pressure d rops 

MEASURED PRESSURE 
EXPECTED FLOW DROP EXPECTED TEMP 

DEVICE (LPM) (PSID) (C) 
H-Disk 2 1.3 2.7 2.0 
H-Disk 1 1.3 2.7 2.0 
F-disk 6 1.3 5.3/0.10 4.5 
F-disk 5 1.35 5.4/0.10 4.4 
F-disk 4 1.3 5.3/0.10 4.3 
F-disk 3 1.3 5.15/0.10 4.35 
Barrel 3-3 1.8 5.35/0.125 7.3 
Barrel 3-9 1.85 5.5/0.125 7.0 
F-disk 2 1.3 5.3 4.3 
Barrel 2-3 1.9 5.7 6.8 

Barrel 2-9 1.95 5.8 6.9 
F-disk 1 1.4 5.7 4.2 
Barrel 1-3 1.95 5.8 6.9 
Barrel 1-9 1.9 5.7 6.8 
System totals 21.9 lpm /half 8.3 

The expected device temperature is taken off of the included plots. The temperature is the expected 
temperature of the Beryllium cooling ring with the heat load from the chips applied. 

Conclusions: 

The north silicon manifolds and H-disk manifolds were tested at PAB. Coolant flowed through the 
manifolds and pressure drops were recorded. Based on the attached flow tables, the pressure drops can be 
correlated to flows and cooling ring temperatures. The expected flow at a pressure drop of 8.3 psid across 
the manifolds is 21.9 lpm (system flow of 11.6 gpm). 
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DESIGN 11 

SECTION 5-RELIEF REQUIRFMENTS FOR VESSEL EXPOSURE TO OPEN FIRES 

5.1 Average Heat Absorption Rates 

An attempt was made to determine an adequate re­
lieving capacity to prevent the development of exces­
sive pressure in preSsure vessels exposed to fire. Tests 
were studied which provided means to measure the 
total heat absorbed by a vessel (1) by computing the 
heat requim;i to bring the liquid content to the boiling 
range and (2) by measuring the amount of liquid con­
tent evaporated in a given time. Data from a consider­
able number of such tests and a discussion of the con­
ditions under which they were run are presented in 
Appendix A. 

5.2 Formulas for Amount of Heat Absorbed 

The amount of heat absorbed by. a vessel exposed to 
an open fire is markedly atfected by the size and 
character of the installation and by the environmenL 
The test data and some of the formulas that have been 
:lscd to estimate the heat input are discussed in Ap­
~endix A. These conditions are evaluated by the fol­
lowing equivalent formulas. in which the eifect of size 
un the heat input is shown by A; the vessel wetted 
area; the exponent of A: and a factor F which is the 
effect of other conditions: 

Where: 

q - 21.000 F A"" II 
Q - 21.000 FA"" 

(8) 
(9) 

q - average unit heat absorption. in British thermal 
units per hour per square foot of wetted sur­
f .. 

Q - total heat absorption (input)" to the wetted 
surface. in British thermal units per hour. 

A - total wetted surface. in square feeL· (The ex-
. A .... ,. 1·. th pression ., or A .. 18 ,IS e area-expo-

sure factor or ratio. This ratio recognizes the 
fact that large vessels are less likely to be 
completely exposed to the ftame of an open 
fire than are small vesseis.) 

F - environment factor, values of which are shown 
in Table 3 for various types of installation. 

The aforementioned formulas. upon application of 
the value of factor (F - 1.0) for a bare vessel. become: 

q - 21.000 A"·" (10) 
Q - 21.000 AO._z (11 ) 

These are the basic formulas for the usual installa-
, - tion of a bare vessel in a refinery with good drainage 

(see Paragraph 6.3.4) and available dre-fighting 
equipmenL These formulas are plotted in Figure 9. 
Curves for q and Q, respectively. for various values of 
factor F are presented in Figures 10 and 11. 

5.3 Surface Area Exposed to Fire 

The surface area welted by its internal liquid con­
tents is effective in generating vapor when it is ex­
posed to fire. The liquid contents under variable level 
conditions should ordinarily be taken at the average 
inventory, namely: 

I. LiqUid-Full Y~.s.s~1.r (such as treaters) operate liquid 
full. Therefore. the wetted surface would be the total 
vessel surface within the height assumed to be af­
fected by a fire as recommended in the footnote to 
Paragraph S.2. 

TABLE 3-Environment Factor 

Type of Inscatlalion 

Factor F" 
I. Bare vessel' ' ......•.... ,.~,. . . . . . . . •. . .... . .. . 1.0 
:!. Insulaced vessels- (These :uiJilrary insulation con­

ductance values are shown as ellUll.' and are 
ia 8ricisb thermal units per /loUr per squaN fOOl 
per depee Fahnnaeit): 
41. 4.0 .. , ............................... ,. 0.3 
b.:!.O .. " ............................. ,., 0.1' 
c. 1.0 .....................••...•......... 0.07' 

3. Wacer-applicalion: faciUdes. 0.. "--~. ..,. 1.0 
4. Dewnasurizinl and. elfttllYi .... facilities- ... , . : . . . 1.00 
S. Underlround stonp .................... ,... 0.0 
6. Eattft-c:overed !ronace above cr.ade , ......... , 0.03 

'These are su,psaed values for the condilions ·assumeci in 
Paralfll. '.2. Whe .. these conditions do no& exist. engineering 
judJlllent 5hou1d be ellen:iscd either in seledinl a higher factor 
OC' i.. Providinl means of prOla"l vessels from fire ex· 
pasure as sa ...... in P:Ira ..... 6.h 

-, nsulalion shall raise dislodpment by fire hose streams. 
For tM ellamples a lCmpcr&ture differenc:a of 1.600 delP"ce5 
Fahrenheit was used. In practice il i. recommended that in. 
sulation be selected to provide a tem,....wre difference of at 
least 1.000 dqrees Fahrenheit and that the thermal conduc· 
tivity be based on II temperature that is al leut the mean tem· 
perature. 

os. it:ara .... ph 6.3.3 for recommendations rcprdinl water 
;&pptica&ioo. 

• Oepres,uriziIIl will provide :I. lower f:actor if done promptl~ 
bat no cndi& is to .. &Uca. w .... I&fc&Y valves are beiDl siu 
forb.,...,.. 



Figure 5 • Specific Gravities of Aqueous Ethylene Glycol Solutions 

1 18 

1.16 

1.14 

1.12 

1.10 

1.08 

u.. UJ6 
0 
C> 

~ . ~) 
:=-
:;: 104 '" (3 
~ I~O> .. 
·13 
'" a. 1.02 (/) 

.:'111"::::' 
liP!!'! 1 
eN·'" ,', 
l'f :"1 ' ~ 
aq-" 
•• ,11 
•• d.::! .. "',.:.: 
:~.;-:' 
•• :'1-" ... ~ 
•• 1U.;'I 

::~"~ .1'I ... lJ ••• s .111':" .... 
:::l'~ 

1_1. 
1 !!I.~ ., -:." 

-~'·~~'~~~~.'Q~ZX'~ ft~~'~~~~~~~'Q03~~~~~~'"'~~~~.ftU.D~ ~,,~~~~~,.~~~ -~~.'~ .3.~~~a·.~~'~~ 
.,. - .... -", 1 )'I .. ~ ·;_~'U". ct-",,) ii : ';: .. " j""aj":.';.!;; 'l,~;;;.: l.~ i~.:;~ .. ,",[;.~.::1;;;:ilc;_: .. : .':-~ "'~.· •• ..l;1.7;.:; ~,:'l' .• , .. -.. ...5 ji1~.':l"":_'." {Ci ; ,~,,; :::.~ -~ ~ ~ ~ ;: ~ ~-; 1'~ ->~" ; ~ : ~ .,~,-~::.~ ;1;~.~;~J:::~::::::~: ~~ -! ~;i j:~~:=::~~:i -, ! :,~:~,; :=;:::3~=:;j.: ~ ~!: 

".' <I ... .;.";.,.:a . ..tIJ." ,ill-,·".; ',;;.;':.'~" ;..iol·s .. ".:t,;jJII.~.2 •••• d::l'.'oI ~"II".I'I •• "."';'JIA, 4,4;.,j1.~ '!t ....... tllI •• I!j.,~l ","2 
~: '~!i.~~qa~~J ~~~1;;>1~Jl~~1;~~~~~~~~~~aM ••••• ' ••• ~ ~~~~ •••••• ft~3 A~~~W •••••• m3D~~:.J ~~ 

~!~~ !~·1~~~1=~~~·~ ~~~~~~~~1~1~~~~'~~~1~1~~~;~;;;~1~~ ~~~~~~;~~;~9~ ~~~~~ ~1~~~~~~~~'1: '~ 

, . 
" 

! I." .~.J.l;"·;"';'!1:.~ .',,' . __ \,1_' . .l.·J .·~L:,J'::"'..I:::'''~;_~: .. ;'::I~~.M~_:J:...l'':..i:.;o..:J~.;liU..;l.;;:;''II:''''J:'''''':;''''''_j".lJ,~'..:II...JlI:.:'; •• ..:,. ,.,1 ,;,,-.,., __ , ~l;~....z,"...Iau·~_:..,,~. ... ,,,'..;j 

J.I~·i~~~~~~~'i~~3q~n~'~'~~~~~A_~~~q~a~~S~Qn._D' •• ~O~~~.~~~~~"a.~~$1U~m~~ft@~~~ ••• ~~~f~ •• 
~~~~~~~~U~~~~~~~'~1~:·1~3~C~J;I~~~.J~~~~~~~~.=.~.3a'J2~-~.~~~Z~~~~~~~~N:JUZ~~~4~~~~.~~_'~1~~.m 
a"~~ •• a ••• ~~c~~~an~2~4~.~ . g.~~M •••• ~ ••• B~aQ~14~~ •• ~:3·~.~.~~'~a~~~·,a~~~~~~N~~M~' ",~.~ 
.... :~, '1 •• ,1 ,a",.~i"!;: aJl"ll '~,.7;,i·' l:.\/Jji 111:;::'17, rnfJR_:1ilClll!l'l'll r'I'g,~,~ 4"Jl .n.4:!! t,...."I<'~j~l.]i~~J ~1i'I .. ~~.~: ' •. : ~..lI:;II 
"j'''!lI,!.J~,J<t.~~:l~':;;il~';1'<1o::'1,J !l,".~ .. ''"J~,]. .""".'t_'l!;.1lR'IIliIlill:.al:lJ,)llIlia"';14.:JiiI-:-;.IIlIAlII ,-1UZllil~;' ,""~"". 

~~~=:=::==:::=~g~:~~!j~~::r~~; ___ j:==::=:=::==H=~:=:::== _'~.,2~~t7':. '::~~:~: 
:;:-!,ij]~~~'i~~j~Jl ~~~:~~.~:~,::1J:~id~·~::1~~',;~~ ~~S:J!5E~i 5~~:aS~!~:~__ .J;~~J~~)t:~~_~~~~~~~.(. ~ . ~,:;,.1 

Ethylene Glycol, Percent by Weight 

50°F 

100°F 

150°F 

200°F 

250°F 

300°F 

8 



I. 8 

G 

F 

REF,"'-]"H! 
WE-J86H4 SH 16:2 

E 

D 

c 

B 

A 

7 

) 

FUM' TRANSWITEIt-
kOBOLO#KAL-7215 now SWIT04 
~~~34JJ.L~::;T ~~~~~;t~15 

1/2 co.pLlfriG 
flOW SW1T04 
KOBOLolKAL-7215 
FT5J50 I/2NPT 
1/2 COlFLING 

TE"'tI'tArIME SWIlo. 
8URL I~!:; #C-IS-!i31 .... t...,ao-1D-07 
TS5J!P J,ISNPT 
1/2 COLPLI~ 

TE~ ... :IJR(SWtT04 
BURliNG IC-'';-SJI-N-180-1D-D7 
TS~5J 3,1SNPT 
1/2 co.pLIHC 

lOOPSIGRELI[F 
NllPRO 1I'4'TIJ9E 

,rtLL VI.L'" ."GEea< 
100 PSIG RELIEF ..... -5J.l-Cl. 
NUPRO 1/4'TUBE \U4'8All I/ALVE 
"""La< 

~---+~---'I~.--------~--------m 

FLOW IllETER 
KOBOLD IKSM-4030 
n.I},T-C" 

1 
FlOlJt.lET[R 
K09OLO '1<SW-4030 
""'10 

6 5 

E 1 G.J.IILl-E-NPT 
-MTP-'1. 14 5/16 
~~ 

"I.O.HOSE 

+ 1/4"1.0.HOSE 

3/4"NPT OUT 

10 '-6" 

7D' RELIEf VALVE 
1/4'frf>T 

F 1 L TER 

StPPLVLlNES 
~ 

ElEVAT 1 ON 8-8 

4 3 2 

50 1/4 

89 7/16 

Y 
i 

i 

1 1.I2·IPS40SS 

rl.!l~·~~·w 
.. 

"CW LOCK 

~ 

H 

G 

1 11 ! 01 !'" 

:~:--= 
:~l~~~_b.~m~'~~----------~ 
125r 
orm:~T:~~~; o:~='; /~,":RJ.TORY 

F 

E 

D 

c 

B 

0-0 UPGRADE Sill CON TRACK 1 NG A 
WATER GL YCOl COOL 1 NG SYSTEM 

CHILLER &: PIPING G.A. 
ELEVATION C-C - -,--

~L-______ ~8~---------,-------E=L=E\~:~~!~_.\_--A------~-----------6----------~---- -----~5~----------r-----------4~----------r---------~3~----------r---------~2~----~'~'n~'"~'·~3:8:253~,1~2:-:MEl-~J~8=69:8:J:J~:::j~ 



A 

B 

c 

o 

) 

9' Oclock Supply 

9' Oclock Return 

3' Oclock 

F-OISK 6 . 

3' Oclock Su.;~·ty 

2 3 

zoO 

2 3 

4 
OEseR I PT ION 

ITEM 
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1. BREAK AL l SHARP EDGES 

,015 MAX. 
2. DO NOT SCALE ORWG, 
J. OIMENSIONING IN ACCORD 

WITH ANSI Y14.5M-1982 
5TO'5, 

4. ALL OIMENSIONS ARE IN 
INCHES. 

- / WAX. ALL MACHINED V SURFACES 
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APPROVED 
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UATERIAL 
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ITEM 6 
BULKHEAD SPIGOT-SHORT 

SCALE 2: 1 
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U 1.57 
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"'"¥''-:;:':''' 

(It 525_1 O.ll 

, ""i-' "";'-' 
: -,- 110.312 

17.125_1 

ITEM 4 
BULKHEAD SPIGOT 

SCALE 2: 1 

.Plotted by ceose on 03-JDn-200' • Fi I.: 38667901_.pff 

NOTES: 
1. USE PRIMER ANO MEDIUM DUTY PVC PLASTIC PIPE 

CEMENT TO BOND PIECE PARTS INTO AN ASSEMBLY. 

2. ALL ACHES J VE BONDS TO BE VACUIM LEAK TIGHT. 

J, LEAK TEST: NO LEAK SHAll BE DETECTABLE 
ON THE MOST SENS I T IVE SCALE OF A 
HEliUM LEAK DETECTOR WITH A MINIWtoA 
SENSITIVITY OF 1 :II 10-' ATM.CC/SEC. 

U.J50-J 

ITEM 2 
END OF PIPE PLUG 

SCALE 2: 1 
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NOTES: 
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2. ALL ADHESIVE BONOS TO BE VACUUM LEAK TIGHT. 
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ON THE UOST SENSITIVE SCALE or A 
HEL IUM LEAK DETECTOR WITH A MINIMIM 
SENSITIVITY Of 1 x 10-0 An-LCC/SEC. 
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I 
REV. 1 

I DRAWN DATE 
DESCRIPTION I APPROVED DATE 

¢0.375 REF 

LEAVE CORNER SHARP 

( t) 
/ 1 ~ t-- ,-
ft- ¢0.250 

f 
2X 0°.345 

0.340 

2x 0°·312 
0.308 

0.125 

J 0°. 295 
I TEM I PART NO. I DESCRIPTION OR SIZE I OTY. l 0.29~ NO. REO. 

o ."'1i68 I I PARTS LIST f--

3 f T T I I UNLESS OTHERW I SE SPEC I F I ED ORIGINATOR BILL COOPER 8/00 
11. ...l IrR 500 MAX 

.xx I . xxx I ANGL ES DRAWN HERMAN CEASE 8/31/0C \ '¥ ± I±. 01 0 I±. 1 CHECKED HERMAN CEASE 10/12/00 

I~'\' -~""p 1. BREAK ALL SHARP EDGES APPROVED KURT KREMPETZ 10/12/00 
.015 MAX. 

2. DO NOT SCALE DRWG. USED ON 
3. 0 IMENS ION I NG I N ACCORD 

WITH ANSI Y14.5M-1982 
STD·S. 

'<- ~J - 4. ALL DIMENSIONS ARE IN .,~ 
-- f--- INCHES. MATER I AL 

---r I- 0.062 V MAX. ALL MACHINED PVC 
SURFACES 0.321 

ff438 -:J~ . i 
~--~ 

1.125 

L 
0.375 ..:It. FERMI NATIONAL ACCELERATOR LABORATORY 

I ~ UNITED STATES DEPARTMENT OF ENERGY 
I PPD/MECHANICAL SUPPORT 1.062 ----l 

I 

SCALE DRAWl NG NUMBER SHEET NO. REV. 

2X 3823.112-MB-399105 1 OF 1 

Plotted by ceose on 16-0ct-2000 Fi I e: 3991 0501_ . P f f I 
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-2 
-1 

SUFFIX 
NO. 

1/8 (.125) 
#38 (.1015) 
#46 (.081) 

#53 (.0595) 
• A' 

I 

DATE 
REV. I DESCRIPTION 

I DRAWN 

I APPROVED DATE 

ITEMI PART NO. I NO. DESCRIPTION OR SIZE 

PARTS LIST 
I OTY. 

REO. 

UNL ESS OTHERW I SE SPEC I F I ED OR I G I NATOR H. CEASE 10/00 
• XX I . XXX I ANGL ES DRAWN D. FRIEND 10/16/00 

± --- I± .005 I± 1· CHECKED H. CEASE 10/16/00 

1. BREAK ALL SHARP EDGES 
.015 MAX. 

2. DO NOT SCALE DRWG. 
3. DIMENSIONING IN ACCORD 

WITH ANSI Y14.5M-1982 
STD'S. 

4. ALL DIMENSIONS ARE IN 
INCHES. 

12V MAX. AL L MACH I NED 
SURFACES 

APPROVED 

USED ON 

MATERIAL 

K. KREMPETZ 10/16/00 

ME-386679, ME-386680 
ME-386681, ME-386682 

ROD, ¢3/8', DARK GRAY PVC 
MCMASTER-CARR #8745K42 

~ FERMI NATIONAL ACCELERATOR LABORATORY 
~ UNITED STATES DEPARTMENT OF ENERGY 

DO DETECTOR UPGRADE 
SILICON TRACKER; GLYCOL MANIFOLD 

HOSE ADAPTER; 3/16" NOMINAL 
SCALE DRAW I NG NUMBER SHEET NO. REV. 

4X 3823,112-MB-386990 1 OF 1 
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~ ¢:85 ~ 

-4 1/8 (.125) 
-3 #38 (,1015) 
-2 #46 ( .081 ) 
-1 #53 ( .0595) 

SUFFIX "A" NO. 

Plotted by cease an 07-feb-20DI , Fi Ie: .3bo99101_.pff 1 

DATE 

I APPROVED DATE REV. 1 DESCRIPTION 
I DRAWN 

I TEM I PART NO. I NO. 

UNLESS OTHERW I SE SPEC I f I ED 

. xx I . xxx I ANGLES 

± --- I± .005 I± l' 

1. BREAK ALL SHARP EDGES 
.015 MAX. 

2. DO NOT SCALE DRWG. 
3. DIMENSIONING IN ACCORD 

WITH ANSI YI4.5M-1982 
STD'S. 

4. ALL DIMENSIONS ARE IN 
INCHES. 

12V MAX. ALL MACH I NED 
SURfACES 

DESCRIPTION DR SIZE I OTY. 
REO. 

PARTS 
ORIGINATOR 

DRAWN 

CHECKED 

APPROVED 

USED ON 

MATERIAL 

LIST 
H. CEASE 10/00 

O. FRIEND 10/16/00 

H. CEASE 10/16/00 

K. KREMPETZ 10/16/00 

ME-386679, ME-386680 
ME-386681, ME-386682 

ROD, ¢3/8", DARK GRAY PVC 
MCMASTER-CARR #8745K42 

~ FERMI NATIONAL ACCELERATOR LABORATORY 
~ UNITED STATES DEPARTMENT OF ENERGY 

DO DETECTOR UPGRADE 
SILICON TRACKER; GLYCOL MANIFOLD 

HOSE ADAPTER; 1/4" NOMINAL 
SCALE DRAW I NG NUMBER SHEET NO. REV. 

4X 3823.112-MB-386991 1 OF 1 
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