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(ii)  Regulators 
(iii)  Filters 
(iv) Valves 
(v) Relief valves 
(vi) Tubing and fittings 

(2) Contamination requirements 

Pressurant gas does not contaminate the vessel or fluids to the greatest extent possible in 
terms of: 

(a) Interaction with vessel material 
(b) Does not leave a residual when emptied 
(c) Saturation into simulant fluids 
(d) Verification of purity 

(3) Operational requirements 

The pressurization system needs to be portable. The gases can be readily procurable per 
MIL �–PRF�–27401 Grade C�† MPCV 70156 [7]. The gas supplies need to be adequate to fill 
two oxidizer and two fuel tanks to operational pressures without fluids. The pressurization 
system is required to interface with the top of the test tanks. The pressurization system 
must have the proper adapters and fittings available to interface with the propellant tanks. 

B. Fill and Drain of Oxidizer Tanks 

To fill and drain the oxidizer tanks, the team needed to consider the safety, contamination, and 
operational aspects of this equipment. The following subsections describe the considerations 
to meet these requirements. 

(1) Safety requirements 

Determine and meet equipment and personnel safety requirements when handling and 
pumping oxidizer simulant fluid. 

(a) Fluid system pressures not to exceed MAWP of the test article 
(b) Isolation, fill, drain, vent, and relief valves as required and variable speed pump placed 

within fluid system 
(c) Components rated for design pressures 

(i) Fluid tote storage 
(ii)  Regulators 
(iii)  Filters 
(iv) Valves 
(v) Relief valves 
(vi) Tubing and fittings 
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(d) Personnel protection from hazardous fluids and vapors. 
(i) Vapors vented away from personnel work areas 
(ii)  System is leak tight 
(iii)  System design such that it can be emptied and purged for maintenance or repair 

(2) Contamination requirements 

Oxidizer simulant fluid does not contaminate the vessel to the greatest extent possible in 
terms of:  

(a) Interaction with vessel material 
(b) Simulant fluid does not leave a residual when emptied 
(c) Saturation with pressurant gas 
(d) Verification of purity 

The fluid system cleanliness verification was performed prior to use. 

(3) Operational requirements 

The team also took into consideration the following criteria when filling and draining the 
oxidizer simulant fluid to and from the oxidizer tanks. 

(a) Portable to various areas of the facility 
(b) HFE�† A-A-59150 �– MPCV 70156 [7] 
(c) Enough fluid simulant supply to fill two oxidizer tanks 
(d) Recover and reuse fluid from tanks 
(e) Able to fill and drain tanks from bottom fill lines  
(f) Measure amount of fluid filled into or drained from each oxidizer tank�† weight and 

volume measurements 
(g) Storage tote containers 
(h) �7�U�D�Q�V�I�H�U���I�O�X�L�G���I�U�R�P���P�D�Q�X�I�D�F�W�X�U�H�U�¶�V���F�R�Q�W�D�L�Q�H�U�V���W�R��storage tote containers 
(i) Fluid pump type, capacity, and flow rates 
(j) Electrical power supply 

C. Fill and Drain of Fuel Tanks 

To fill and drain the fuel tanks, the team needed to consider the safety, contamination, and 
operational aspects of this equipment. The following subsections describe the considerations 
to meet these requirements. 

(1) Safety requirements: 
The fuel tanks needed to meet the same oxidizer safety requirements as listed above with 
the exception of the personal protective equipment (PPE) requirements since the fluid is 
deionized (DI) water. 

(2) Contamination requirements: 
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The fuel simulant needed to meet the same oxidizer contamination requirements as listed 
above. 

(3) Operational requirements: 
The fuel simulant needed to meet the same oxidizer operational requirements as listed 
above by replacing the oxidizer simulant fluid with DI water per ASTM D1193 Standard 
Specification for Reagent Water MPCV 70156 [7]. 

INITIAL FILL AND DRA IN CONCEPTS  

Many fill and drain scenarios were discussed based on the types of simulant fluids as well as 
propellant tank design and test article placement within the test facility. Refer to Figure 12 of the 
basic propellant tank configuration where fill and drain concepts were considered as listed below. 

A. Lift fluid storage tanks above the test article with crane and fill propellant tanks via gravity 
feed 

B. Place empty storage tanks below test article to drain 
C. Use pumps to fill and drain tanks 
D. Pressurize tanks from top of tank 
E. Top fills�† pump type selection 
F. Bottom fill �† pump type selection 

Pressure oxidizer (OX) 1 and OX 2    Pressure fuel 1 and fuel 2 
Fill drain OX 2      Fill drain fuel 2 
Fill drain OX 1      Fill drain fuel 1 

 

Figure 12: Basic propellant tank configuration [4]. 

SELECTION OF SIMULAN T FLUIDS  

Due to the toxicity, flammability, and other hazards associated with the actual fuel and oxidizer, 
simulated fluids were required to be selected for environmental testing. The simulant fluids would 
have to mimic the rough densities of the oxidizer and fuel where the oxidizer specific gravity is 
about 1.4 and the fuel specific gravity is about 1.0. 

�:�L�W�K�� �W�K�H�V�H�� �F�U�L�W�H�U�L�D�� �L�Q�� �P�L�Q�G���� �W�K�L�V�� �O�H�G�� �D�Q�� �R�S�H�Q�� �D�Q�G�� �‡�R�X�W�� �R�I�� �W�K�H�� �E�R�[�·�� �G�L�V�F�X�V�V�L�R�Q�� �R�I�� �Z�K�D�W�� �W�\�S�H�� �R�I��
simulant fluids would be selected. Some criteria that went into the selection ranged from flow 
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Figure 14: Novec��  HFE-7100 pump curve [11]. 

SELECTION OF TRANSFER HOSES, INTERFACE CONNECTORS, AND OTHER 
COMPONENTS 

Component selection required considerable searching and review based on the following criteria. 

A. COTS components�† readily available 
B. Material compatible with simulant fluids�† safety, contamination, operation-LLDPE high 

purity, and Tygonfi  
C. Pressure ratings�† rated for 100 psig or greater for safety 



22 
31st Aerospace Testing Seminar, October 2018  

Table 2: Novec��  HFE-7100 fluid cart schedule. 

Task Start Finish  Comment  

Initial design 8/10/15 11/13/15 Preliminary Initial Design complete: 
8/15/15 

Initial Design Update: to be determined 
(TBD) based on internal review 
recommendations 

Reviews and design revisions 8/24/15 11/13/15 - Internal Review scheduled for 8/24/15 
- ERB: TBD 

Initial documentation 8/24/15 11/13/15 Initial documentation for ERB 

HFE-7100 fluid procurement process 
(including spec ~1,000 gal) 

7/15/15 9/8/15 Received twenty-two 600-lb Novec��  
HFE-7100 drums on 8/14/15. Drums 
stored in Building 9206. Currently 
processing procurement paperwork 
including final costing and performing 
chemical inventory update. 

Equipment procurement 10/19/15 12/11/15  

HFE-7100 300-gal tote procurement 10/19/15 12/11/15  

HFE-7100 fill  and drain cart assembly 12/1/15 1/29/16  

Transfer and  operations procedures and 
final documentation 

1/4/16 2/26/16  

HFE-7100 drum to tote transfer 2/1/16 2/26/16 Lewis Field Building 215 is preferred 
location, Plum Brook Building 9206 is 
alternate 

Simulated fill  and drain and  checkouts 
and training 

2/29/16 3/25/16  

C. Change of scope 

(a) Customer requirements change replaced the propellant tanks�¶ ‰-in. fill and drain valves 
with … in valves. Pump system design was affected but there was minor impact. The 
estimated flow rates dropped from 5 to 10 gal/min to 1 to 3 gal/min. This was acceptable 
to the program. Replacing ¾ -in. supply lines with 1-in. lines helped to minimize the 
reduction in flow rates. The fill and drain valves became the only appreciable pressure 
drop. A trial run of the system obtained a flow rate of approximately 3 gal/min. 

REVIEWS 

The following are the NASA internal review processes as described by existing standards for 
design, safety, and operational readiness. 
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A maximum of 19 control microphones can be placed around the test article for closed-loop control 
using the ACS. The control microphones or other response instrumentation (accelerometers, 
microphones) may be input into the analog abort system (AAS) to provide automatic shutdown 
capability. Each of 23 servohydraulic acoustic modulators is coupled with individual horns of six 
different cutoff frequencies. Each of 13 electropneumatic acoustic modulators is coupled with 
individual horns of one cutoff frequency. This combination of modulators and horns provides for 
an extremely variable and tailored acoustic spectrum. Threaded inserts are located in the floor for 
attachment of test article mounting fixtures. 

The east side of the chamber has a large rolling door and hinged door to provide access to the 
chamber up to 10.5 m (34.5 ft) in width. A 5.5-m-wide by 4.2-m-high (18- by 14-ft) door is located 
on the west side of the chamber for loading equipment when the vacuum chamber is occupied. 

The Vibroacoustic High Bay is secured, and support systems (hydraulics, compressed air, LN2, 
GN2, HVAC (heating, ventilation and air conditioning), and video) are set up and energized. A 
watchdog facility control system (FCS) monitors these subsystems and ensures that all permissives 
and interlocks are verified. The acoustic chamber is filled to a predetermined level with GN2. The 
FCS verifies that a matching modulator selection file agrees with the ACS and subsequently 
provides a run permit to the ACS. The ACS performs a self-check, and the operator initiates testing 
using the tailored choice of modulators and horns. The nitrogen generation system automatically 
vaporizes LN2, converting it into GN2 as required, at up to 1,981 standard cubic meters per minute 
(70,000 scfm). At the conclusion of testing, fresh air is force ventilated into the chamber via the 
HVAC system to purge the chamber of nitrogen for safe entry. Temperature, humidity, and oxygen 
monitors are located in the chamber and high bay. 

Data is acquired at the RATF via the facility data acquisition system (FDAS), a 1,024-channel 
high-speed digital system. 

Mechanical Vibration Facility (MVF)  

The MVF is a three-axis, 6-degree-of-freedom, servohydraulic, sinusoidal base-shake vibration 
system located within the same Vibroacoustic High Bay as the RATF on the west side of the 
vacuum chamber (refer to Figure 11). The proximity to the RATF allows shared use of the 
hydraulic system, safety systems, high-speed data acquisition system, and surveillance system. 
The MVF system consists of reaction mass, 4 horizontal servohydraulic actuators, 16 vertical 
servohydraulic actuators mounted on double-spherical couplings, an aluminum table, a hydraulic 
supply system, table control system (TCON), vibration control system (VCON), and the same FCS 
used by the RATF. 

The MVF reaction mass includes an embedded steel plate for modal testing. The 2,100,000-kg 
(4,650,000-lb) reaction mass is used to resist the vibratory energy from the hydraulic actuators, 
table, and test article, transferring the energy into the shale bedrock foundation. The reaction mass 
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has been sized such that it has sufficient inertia mass and stiffness to react against the forces applied 
by the actuators and couplings during sine vibration testing. The reaction mass has been designed 
to accommodate future growth in vibration system and test article mass. The existing actuator and 
table design is for sine sweep capability of 0 to 1.25g (peak), from 5 to 150 Hz in the vertical axis 
and 0 to 1.0g from 5 to 150 Hz in each of the horizontal axes for a test article mass of 34,000 kg 
(75,000 lb) with a center of gravity elevation of 7 m (23 ft). Currently, the MVF controller is 
capable of sinusoidal control in three independent axes.  

The MVF system design uses a large aluminum table approximately 6.7 m (22 ft) in diameter with 
a 0.61-m- (2-ft-) wide annular mounting surface centered about a 5.5-m (18-ft) nominal diameter. 
Table weight is partially offloaded from the system via four inflatable airbags. 

 

Figure 11: Overhead view of the Mechanical Vibration Facility (MVF) system. 

The table vertical actuation is provided by 16 hydraulic cylinder actuators attached to the reaction 
mass onto which 16 double-spherical couplings are attached. The vertical actuator assemblies 
provide the controlled vertical sine vibration, enable horizontal vibration, and provide overturning 
constraints during horizontal vibration. The table rests on the double-spherical couplings. The 
double-spherical couplings couple each vertical actuator to the table and provide high-axial 
stiffness to deliver the vertical vibratory force during vertical excitation. Each double-spherical 
coupling has internal pressure sensors to enable the vibration controller to limit forces. Four 
horizontal actuators provide the controlled horizontal sine vibration and comprise two single-
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ended pistons, which maintain outward force through hydrostatic pad-bearings to the table. The 
horizontal actuator assemblies provide vertical alignment during vertical actuation. The system is 
designed to permit testing in three independent axes without removing or lifting the test article 
from the table. 

A customer-supplied adapter ring is necessary to attach the test article to the vibration table 
mounting holes. The Vibroacoustic High Bay is secured, the support systems (hydraulics, 
compressed air, life safety, video, and table mode) are setup and energized and interlocks are 
verified (including vibratory mode-choice setup) using the FCS. The TCON and FCS 
communicate with the table actuator servovalve drivers; position the table to a lifted, centered, and 
ready position; and verify all servodrivers are started and ready. Operators then initiate the VCON 
to generate the sine wave inputs to the servovalve controllers, establishing vibration. The VCON 
controller generates drive voltage waveforms for each servovalve driver to satisfy the control and 
limit channel constraints from the test article (outer-loop control), and each servovalve driver 
maintains a closed-loop control to each actuator (inner-loop control). The VCON has 64 analog 
input channels, which can be assigned to control channels, limit channels, or response channels, 
where the control and limit channels can be set to alarm and/or abort a test. Up to 31 of the 64 
analog input channels can be available for test article limit channels. Data are acquired at the MVF 
via the FDAS, a 1,024-channel high-speed digital system. 

EUROPEAN STRUCTURAL TEST ARTICLE ( E-STA) TEST DERIVED REQUIREMENTS  

Overall Requirement 

Pressurize, fill , and drain propellant tanks with simulant fluids for vibroacoustic testing. 

A. Pressurization of Oxidizer and Fuel Tanks 

In order to meet the pressurization of the oxidizer and fuel tanks, the team needed to consider 
the safety, contamination, and operational aspects of this equipment. The following 
subsections describe the considerations to meet these requirements. 

(1) Safety requirements 

Pressurizing of the oxidizer and fuel tanks needs to take in consideration the design of the 
propellant tanks in terms of allowable working pressures, proof pressures, and type of 
compatible pressurant gases. 

(a) System pressure not to exceed maximum allowable working pressure (MAWP) of the 
oxidizer and fuel tanks 

(b) Relief valve and regulators placed within pressurization system 
(c) Components rated for design pressures 

(i) Bottle supply 
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(ii)  Regulators 
(iii)  Filters 
(iv) Valves 
(v) Relief valves 
(vi) Tubing and fittings 

(2) Contamination requirements 

Pressurant gas does not contaminate the vessel or fluids to the greatest extent possible in 
terms of: 

(a) Interaction with vessel material 
(b) Does not leave a residual when emptied 
(c) Saturation into simulant fluids 
(d) Verification of purity 

(3) Operational requirements 

The pressurization system needs to be portable. The gases can be readily procurable per 
MIL �–PRF�–27401 Grade C�† MPCV 70156 [7]. The gas supplies need to be adequate to fill 
two oxidizer and two fuel tanks to operational pressures without fluids. The pressurization 
system is required to interface with the top of the test tanks. The pressurization system 
must have the proper adapters and fittings available to interface with the propellant tanks. 

B. Fill and Drain of Oxidizer Tanks 

To fill and drain the oxidizer tanks, the team needed to consider the safety, contamination, and 
operational aspects of this equipment. The following subsections describe the considerations 
to meet these requirements. 

(1) Safety requirements 

Determine and meet equipment and personnel safety requirements when handling and 
pumping oxidizer simulant fluid. 

(a) Fluid system pressures not to exceed MAWP of the test article 
(b) Isolation, fill, drain, vent, and relief valves as required and variable speed pump placed 

within fluid system 
(c) Components rated for design pressures 

(i) Fluid tote storage 
(ii)  Regulators 
(iii)  Filters 
(iv) Valves 
(v) Relief valves 
(vi) Tubing and fittings 
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(d) Personnel protection from hazardous fluids and vapors. 
(i) Vapors vented away from personnel work areas 
(ii)  System is leak tight 
(iii)  System design such that it can be emptied and purged for maintenance or repair 

(2) Contamination requirements 

Oxidizer simulant fluid does not contaminate the vessel to the greatest extent possible in 
terms of:  

(a) Interaction with vessel material 
(b) Simulant fluid does not leave a residual when emptied 
(c) Saturation with pressurant gas 
(d) Verification of purity 

The fluid system cleanliness verification was performed prior to use. 

(3) Operational requirements 

The team also took into consideration the following criteria when filling and draining the 
oxidizer simulant fluid to and from the oxidizer tanks. 

(a) Portable to various areas of the facility 
(b) HFE�† A-A-59150 �– MPCV 70156 [7] 
(c) Enough fluid simulant supply to fill two oxidizer tanks 
(d) Recover and reuse fluid from tanks 
(e) Able to fill and drain tanks from bottom fill lines  
(f) Measure amount of fluid filled into or drained from each oxidizer tank�† weight and 

volume measurements 
(g) Storage tote containers 
(h) �7�U�D�Q�V�I�H�U���I�O�X�L�G���I�U�R�P���P�D�Q�X�I�D�F�W�X�U�H�U�¶�V���F�R�Q�W�D�L�Q�H�U�V���W�R��storage tote containers 
(i) Fluid pump type, capacity, and flow rates 
(j) Electrical power supply 

C. Fill and Drain of Fuel Tanks 

To fill and drain the fuel tanks, the team needed to consider the safety, contamination, and 
operational aspects of this equipment. The following subsections describe the considerations 
to meet these requirements. 

(1) Safety requirements: 
The fuel tanks needed to meet the same oxidizer safety requirements as listed above with 
the exception of the personal protective equipment (PPE) requirements since the fluid is 
deionized (DI) water. 

(2) Contamination requirements: 
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The fuel simulant needed to meet the same oxidizer contamination requirements as listed 
above. 

(3) Operational requirements: 
The fuel simulant needed to meet the same oxidizer operational requirements as listed 
above by replacing the oxidizer simulant fluid with DI water per ASTM D1193 Standard 
Specification for Reagent Water MPCV 70156 [7]. 

INITIAL FILL AND DRA IN CONCEPTS  

Many fill and drain scenarios were discussed based on the types of simulant fluids as well as 
propellant tank design and test article placement within the test facility. Refer to Figure 12 of the 
basic propellant tank configuration where fill and drain concepts were considered as listed below. 

A. Lift fluid storage tanks above the test article with crane and fill propellant tanks via gravity 
feed 

B. Place empty storage tanks below test article to drain 
C. Use pumps to fill and drain tanks 
D. Pressurize tanks from top of tank 
E. Top fills�† pump type selection 
F. Bottom fill �† pump type selection 

Pressure oxidizer (OX) 1 and OX 2    Pressure fuel 1 and fuel 2 
Fill drain OX 2      Fill drain fuel 2 
Fill drain OX 1      Fill drain fuel 1 

 

Figure 12: Basic propellant tank configuration [4]. 

SELECTION OF SIMULAN T FLUIDS  

Due to the toxicity, flammability, and other hazards associated with the actual fuel and oxidizer, 
simulated fluids were required to be selected for environmental testing. The simulant fluids would 
have to mimic the rough densities of the oxidizer and fuel where the oxidizer specific gravity is 
about 1.4 and the fuel specific gravity is about 1.0. 

�:�L�W�K�� �W�K�H�V�H�� �F�U�L�W�H�U�L�D�� �L�Q�� �P�L�Q�G���� �W�K�L�V�� �O�H�G�� �D�Q�� �R�S�H�Q�� �D�Q�G�� �‡�R�X�W�� �R�I�� �W�K�H�� �E�R�[�·�� �G�L�V�F�X�V�V�L�R�Q�� �R�I�� �Z�K�D�W�� �W�\�S�H�� �R�I��
simulant fluids would be selected. Some criteria that went into the selection ranged from flow 
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characteristics, density, viscosity, pumping and draining schemes, reuse ability, condition of tanks 
after exposure to the fluid, contamination potential, reactivity, flammability, and toxicity to name 
a few. 

Oxidizer simulant thoughts ranged from honey, lead shot, alcohol based fluids, glycerin, 3M��  
Novec��  7100 Engineered Fluid (HFE-7100), and Type II DI water. Fuel simulant thoughts ranged 
from bean bag shot, alcohol based fluids, and DI water. In terms of the oxidizer, Novec��  HFE-
7100 [8] was chosen due to its density, non-flammability, viscosity, and non-toxic characteristics. 
With respect to the fuel simulant, DI water [9] was chosen to due to its density, non-flammability, 
viscosity, and non-toxic characteristics as well. 

PUMP FILL, DRAIN , PRESSURIZATION, FLUID STORAGE, AND  MEASUREMENT 
SYSTEMS DESIGN 

A. Fill  and Drain Pressure Drop Flow Rate Calculations 

Upon completion of the fluid system design, the physical location of the system with respect 
to the ESM during filling and draining operations was determined. Locating the equipment 
involves several considerations, the first being safety. Inhalation of fluid vapor, flammability 
issues, spill prevention and containment, and trip hazards are some of the concerns that must 
be addressed. The second consideration is operation and repair of the system. All of the 
components must be easily serviceable in the event of a component failure and the system must 
be capable of being completely drained of fluid before repairs are undertaken. The manually 
operated components must be easily reachable to allow for safe operation of the system. A pipe 
route from the fluid reservoirs to the vessels being filled or drained is planned. Pipe 
components such as elbows, and so forth are determined. Once the above items are addressed, 
the system can be sized to supply the required fluid flow rate. 

A pump-fed system was determined to be the best method of filling and draining the simulant 
fluids. The constraints on the system are the size of the inlet piping to the vessels, the required 
fill and drain time for the vessels, and the height to which the liquid must be pumped. Proper 
design of the system piping is critical for a pump-fed system to operate as required. The 
required pump discharge pressure and flow rate must be determined for pump selection. The 
possibility of cavitation at the pump suction must be eliminated by proper choice and routing 
of suction piping based on the chosen pump. Flashing of the fluid due to rapid pressure changes 
in the system must be prevented. Accurate pressure drop calculations are necessary to ensure 
that the system will operate correctly. 

A software package based on the Crane Technical Paper No. 410 [10], Flow of Fluids through 
valves, fittings and pipe, was used to perform the design calculations. Included with the 
software were data libraries of various fluid and pipe component properties. Custom fluids or 
components can be added as required. The properties of water are in the software library, but 
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HFE-7100 fluid is not. The density, viscosity, and saturation pressure versus temperature of 
HFE-7100 is required to be input into the software library. With the fluid data input into the 
software, the piping components can be entered. Pipe sizes can be easily changed in the 
software and a new pressure drop will be calculated. The software does not inform the 
programmer if the fluid will change state; that is left up to the programmer. 

B. Gaseous Nitrogen (GN2) Pressurization Panel 

The ullage volume of the fuel and oxidizer vessels must be pressurized with GN2 before testing 
of the E-STA and ESM. The ullage volume is dependent upon the quantity of fluid added to 
the vessels. The time required to reach the final pressure determines to a large extent the 
necessary flow rate of GN2. The solubility of HFE-7100 with nitrogen will affect the rate of 
pressurization of the vessels. As GN2 is being added to the ullage, it will also begin to saturate 
the HFE-7100. Depending upon the vapor-liquid equilibrium point, the ullage pressure may be 
affected. If the rate is slow after reaching the desired ullage pressure with a subsequent 
termination of the GN2 flow, the pressure will decay as the vapor-liquid equilibrium is 
reestablished. It may require several pressurization steps to reach the desired ullage pressure. 
If a pressure-regulated system is used as opposed to a flow-regulated system, the risk of 
overshooting the desired pressure can be avoided. The regulator can be sized based on the 
approximate time desired to pressurize the ullage. A simple flow rate versus pressure drop 
calculation will determine the appropriate pipe size for the pressurization system. Venting the 
ullage must be directed outside the occupied area as it may be saturated with the vessel fluid 
vapor. 

C. Oxidizer Tank Pump and Cart  and Components 

Considering the safety, contamination and operational constraints previously listed for the 
oxidizer fill and drain system, the following applies: 

(1) Portable�† roll around cart 
(2) Able to pump fuel simulant fluid 

(a) Impeller design and pump curves�† centrifugal pump selected with low viscosity fluid 
Novec��  HFE-7100 

(b) Supply sufficient head Pressure to fill tanks�† capable of exceeding required lift height 
(c) Pump parts compatible with simulant fluids�† wetted parts must withstand exposure to 

Novec��  HFE-7100. 
(3) Simulant fluid transfer hoses do not degrade and contaminate when exposed to fluid�† fluid 

does not extract chemicals from hoses 
(4) Electrical power supply conforms to available facility power of 208/120 VAC 3-phase 
(5) Capability to fill and drain with accurate measurement of quantities transferred�† wetted 

parts must withstand exposure to Novec��  HFE-7100 

D. Fuel Pump and Cart  and Components 
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In like manner, the fuel pump and cart and components criteria follow the oxidizer pump and 
cart and components applied to the fuel pump and cart and components, with tailoring them 
for DI water instead of Novec��  HFE-7100. 

E. Oxidizer Simulant Fluid Storage 

Handling and use of bulk oxidizer simulant fluid required the following: 

(1) Portable via forklift 
(2) Materials compatible with simulant fluid�† passivated 304 stainless steel for Novec��  HFE-

7100 (3M�� ) 
(3) Storage vessel structure capable of holding fluid weigh�† 350 gal capacity 
(4) Supply and vent hose connections�† 2 in. National Pipe Tapered threads (NPT) using 1 in. 

supply Tygonfi (Saint Gobain) tubing and ‰-in. nylon tubing 
(5) Commercial drums (55-gal drums) with container transfer pump to transfer Novec��  HFE-

7100  
(6) Fluid transfer procedures 
(7) Fluid transfer area for 55-gal drums to 350-gal totes 

F. Fuel Simulant Fluid Storage 

Handling and use of bulk fuel simulant fluid required the following: 

(1) Portable via forklift 
(2) Materials compatible with simulant fluid�† high-density polyethylene (HDPE) for DI water 
(3) Storage vessel structure capable of holding fluid weight�† 275-gal tote 
(4) Supply and vent hose connections�† 2 in. NPT using 1 in. supply linear low-density 

polyethylene (LLDPE) High Purity hose and ‰-in. nylon hoses 

G. Weight Scales for Fluid Measurement 

Weight scales for simulant fluid weight readings had to meet the following criteria: 

(1) Portable for use on level floor 
(2) Calibration�† five point calibration 
(3) Handle combined tote and fluid weights with the required minimum accuracy – 5 lb or 

better (– 2 lb achieved) 
(4) Capable of 10,000-lb overall weight measurement 

H. Flowmeter for Fluid Volume Measurement 

The flowmeter for fuel or oxidizer simulant fluid volume measurement had to meet the 
following criteria: 

(1) Proper size for anticipated flow rates 
(2) Required accuracy of 1% 
(3) Materials compatible with simulant fluid 
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Figure 14: Novec��  HFE-7100 pump curve [11]. 

SELECTION OF TRANSFER HOSES, INTERFACE CONNECTORS, AND OTHER 
COMPONENTS 

Component selection required considerable searching and review based on the following criteria. 

A. COTS components�† readily available 
B. Material compatible with simulant fluids�† safety, contamination, operation-LLDPE high 

purity, and Tygonfi  
C. Pressure ratings�† rated for 100 psig or greater for safety 

















