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1. INTRODUCTION

This report is the collection of testing performed on the two Strobic Air Technologies Tri-StackTM

model TS3L250C12 fans for Hanford Site. The tests included: 

A. AMCA 210 testing to guarantee airflow rate, pressure, power, rotational speed, and efficiency. 

Flow results are displayed on a P-V curve which shows the tested flow vs. both the tested static 

pressure and brake horsepower.   

B. Plenum Leakage testing to ensure minimal air leaks at varying negative static pressures.   

C. Full assembly (Plenum & Fan) smoke testing to visually verify plume effect, sequence and 

system leakage performance. The instrument functionality, damper cycling, and motor 

overspeeding were verified in conjunction with this testing.  

D. Pre-assembly tests including vibration testing, motor hipot testing, electrical tests, and electrical 

inspections to eliminate hardware defects. 
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2. TEST PROCEDURE

All instruments used for testing were calibrated; certificates can be found in Appendix 7.3. 

2.1 AMCA 210 Test 

Our AMCA 210 testing setup involved a ducted inlet and a free outlet and mimicked Figure 2.1.1: 

Figure 2.1.1: AMCA 210 Inlet Duct Setup-Pitot Traverse in Inlet Duct 

Table 2.1.1 displays the measured parameters and the measurement devices used: 

Table 2.1.1 AMCA 210 Measurements

Parameter Measurement Device 

Fan Rotational Speed Extech RH300 Psychrometer 

Barometric Pressure Conex JDB1 Barometer 

Ambient Wet Bulb Temperature Extech RH300 Psychrometer 

Ambient Dry Bulb Temperature Extech RH300 Psychrometer 

Inlet Temperature Fluke 52-2 Thermometer 

Outlet Temperature Fluke 52-2 Thermometer 

Flow Station Differential Pressure Fluke 922 Airflow Meter 

Power Input Fluke 1736 Power Logger 

Static and Velocity Pressures Meriam Z40HEX35WM-50/60 Manometers

All measurement devices were calibrated and their certifications can be found in Appendix 7.3. 
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The velocity and static pressures were measured with a pitot tube and inclined manometer along 3 

different traverse planes around the circumference of the duct. Along each plane, pressure points were 

taken at the diameters indicated in Figure 2.1.2: 

Figure 2.1.2: AMCA 210 Traverse Points in a Round Duct 
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2.2 Plenum Leak Test 

The leak test was setup as in Figure 2.2.1: 

Figure 2.2.1: Leak Test Setup 

The actual setup pictures can be found in Appendix 7.7. 

The McGill AirFlow Leak Detective was the primary instrument used for this test; its calibration 

certificate can be found in Appendix 7.3. The pressure blower was attached to the plenum with flexible 

duct and sucked air out of the plenum to achieve a negative pressure. PT01 measured the static pressure 

and PT02 measured the pressure across the orifice. The pressure across the orifice correlated to a flow 

rate and signified the amount of leakage flow. The chart for the pressure to flow rate conversions can be 

found in Appendix 7.6. The static pressure was varied between 0.0 and 2.1 inwc. At each static pressure 

point, the pressure across the orifice was measured and the leakage flow rate was calculated. 
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2.3 Inlet/Mixing Plenum Smoke Test 

The fan system was fully assembled with the plenum, fans, and dampers. The system was fully powered. 

Smoke flares were placed into a container inside the plenum to visualize the air flow and ensure 100% 

of the air entering the plenum was exhausted through the stacks. The Smart System was started and 

followed its Sequence of Operations (see Appendix 7.1). The first fan was run until at steady state. The 

rotation sequence was initiated from the HMI to allow fan 1 to turn off and fan 2 to turn on. The rotation 

sequence was initiated from the HMI again to allow fan 2 to turn off and fan 1 to turn on. The rotation 

sequence was tested again by setting the runtime on VFD-2 to 721 hrs, automatically triggering the 

rotation sequence to turn off fan 2 and turn on fan 1.  The disconnect switch on fan 2 was turned off to 

simulate a fault on VFD-2 and enable fan 1 to power on. Fan 2’s disconnect switch was turned back on, 

then fan 1’s disconnect switch was turned off to simulate a fault on VFD-1 and enable fan 2 to power 

on. Throughout this testing, the instrument signals and damper cycling were verified through the Startup 

Verification Form. After these tests the overspeed test was performed in which each VFD was 

individually run at 69Hz (15% above design) for 10 minutes. The current was checked during this 

process. 
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2.4 Pre-Assembly Tests 

2.4.1 Vibration Test

The IRD balancer was used to measure the vibrations at four points around the roof base-axial and four 

points around the blade pass-radial sections of the fans while running at 60Hz.

2.4.2 Hipot Test

A hipot tester was connected to the leads on the motor and the device was powered. The motor passed if 

there wasn’t any excess current feedback.

2.4.3 Electrical Test 

The motor was turned by hand to check for shaft run out, end play, noise in the bearings, and noise in 

the motor. 

2.4.4 Electrical Inspection 

The electrical wiring was inspected to verify compliance with 2017 NEC requirements. 

3. AMCA 210 CALCULATIONS 



9 

3.1 Air Flow Rate 

Using the velocity pressure data points, we calculated the duct velocity pressure: 
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where PV3 is the duct velocity pressure in inwc, PV3r is the individual velocity pressure measurement in 

inwc, and n is the number of velocity pressure points taken.   

Using the static pressure data points, we calculated the duct static pressure: 
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where PS3 is the duct static pressure in inwc and PS3r is the individual static pressure measurement in 

inwc. 

Using the duct velocity pressure, the velocity can be calculated: 
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where V3 is the duct velocity in ft/min and 3  is the air density at the duct in lb/ft3. 

The air density was calculated by: 
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where 0  is the ambient air density in lb/ft3, td0 is the ambient dry bulb temperature in ºF, td3 is the outlet 

dry bulb temperature in ºF, Pb is the ambient barometric pressure in in. Hg.  

Using the duct velocity, the volumetric flow rate is calculated by: 
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where Q is the outlet volumetric flow rate of the outlet duct in CFM and A3 is the cross sectional area of 

the outlet duct in ft2.  

3.2 Brake Horsepower and Fan Efficiency 

Using the power input measurement, the brake horsepower was calculated by: 
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where H is the brake horsepower in hp, W is the power input to the motor in W, and motor is the motor 

efficiency. 

The fan’s total efficiency was calculated by: 

[3.2.2]  
H
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t
6362
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where t is the total fan efficiency and Kp is the compressibility factor, and Pt is the total fan pressure in 

inwc. 

The total fan pressure can be calculated by: 

[3.2.3]  12 ttt PPP  ; 

where Pt2 is the outlet total pressure in inwc, and Pt1 is the inlet total pressure in inwc. 

For an inlet duct the inlet total pressure is calculated by: 
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where f is the coefficient of friction, L3 is the length of the duct in ft., and D3 is the diameter of the duct 

in ft. The coefficient of friction is defined as: 
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where Re is the Reynold’s number defined: 
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where  is the dynamic air viscosity in lb/ft*s. Dynamic air viscosity was calculated by: 

[3.2.7]  
0610*)018.000.11(  dt . 

The fan’s static efficiency was calculated by: 
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3.3 K Factor

The K factor was calculated for each fan as follows: 
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[3.3.1]   
dP

Q
K  ; 

where K is the K factor and dP is the differential pressure at the flow station in inwc. 
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4. RESULTS 

4.1 AMCA 210 Results 

The TS3L250C12 fans to be used at Hanford Site have a design point of 0.5 inwc. At this design point, 

the flow rate and brake horsepower are expected to be 28370 CFM and 21.6 hp, respectively. TS3-1 had 

an actual flow rate and brake horsepower of 28800 and 21.9, respectively. TS3-2 had an actual flow rate 

and brake horsepower of 27900 and 21.2, respectively. Both fans met their design point specifications 

within the allowable 95% uncertainty. 

We plotted performance curves for both fans to display the static pressure and brake horsepower against 

the flow rate in Figure 4.1.1: 

Figure 4.1.1: Static Pressure and Brake Horsepower vs. Flow Rate for both TS3L250C12 fans. The 

solid curve indicates the AMCA 260 published TS3L250C12 static pressure data. The dotted curve 

indicates the AMCA 260 published TS3L250C12 brake horsepower data. The circles indicate the TS3-1 

fan data and the squares indicate the TS3-2 fan data. The white figures indicate static pressure data, and 

the black figures indicate brake horsepower data. 
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All AMCA 210 calculated data is displayed in tables 4.1.2 and 4.1.3

Table 4.1.2 TS3-1 Calculated Data 

Point Q (CFM) PS (inwc) H (hp) ηt ηs dP (inwc) K 

1 28940 0.43 21.65 0.47 0.09 5.33 12535 

2 27306 1.60 23.31 0.59 0.29 4.52 12844 

3 25346 2.62 24.25 0.66 0.43 3.90 12835 

4 22626 3.78 24.35 0.69 0.54 3.12 12809 

5 19281 4.83 24.47 0.70 0.60 2.17 13089 

6 16557 5.25 23.64 0.64 0.58 1.70 12699 

7 11160 5.64 22.13 0.47 0.45 1.23 9942 

8 7605 5.83 20.99 0.34 0.33 0.22 5414 

9 2540 6.15 15.86 0.16 0.15 1.01 7568 

Table 4.1.3 TS3-2 Calculated Data 

Point Q (CFM) PS (inwc) H (hp) ηt ηs dP (inwc) K 

1 27688 0.62 21.48 0.47 0.13 5.12 12236 

2 26094 1.62 22.99 0.55 0.29 4.47 12342 

3 24031 2.79 24.13 0.63 0.44 3.70 12493 

4 21689 3.75 24.64 0.66 0.52 2.99 12543 

5 17953 4.84 24.10 0.65 0.57 2.02 12632 

6 16768 5.10 23.49 0.64 0.57 1.71 12823 

7 14573 5.41 22.46 0.60 0.55 1.39 12361 

8 3135 6.14 15.56 0.20 0.19 0.14 8379 

The K factor was calculated to be approximately 12500 at the design point. This value will be used in 

conjunction with the Smart SystemTM to accurately calculate the air flow rate from the differential 

pressure measured at the flow station. 
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4.2 Plenum Leak Results 

The plenum leak test successfully demonstrated that the plenum had minimal leakage. The plenum leak 

test results are displayed in Figure 4.2.1: 

Figure 4.2.1 Plenum Leak Test Results 

4.3 Inlet/Mixing Plenum Smoke Results 

The smoke flowed from the plenum through the fan as expected. Throughout the sequence of operations, 

100% of the smoke that entered the plenum exited the through the exhaust stacks. Pictures are attached 

in Appendix 7.8. The Smart System 2.0 Startup Verification Form was followed and filled out during 

the smoke test and is attached in Appendix 7.4. This form included verification of smooth damper 

cycling and proper instrument signaling. The overspeed test was performed successfully and the VFDs 

ran at approximately at 38A.
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4.4 Pre-Assembly Test Results 

Fan test sheets with the pre-assembly test data can be found in Appendix 7.2. 

4.4.1 Vibration Test Results

The vibration data must be under 0.500 mil at any point on the fan in order to be within specification. 

Our data below in Table 4.3.1 demonstrated that our data meets this criterion. 

Table 4.3.1 Vibration Data of each fan 

Roof Base-Axial Blade Pass-Radial 

Fan Pt 1 Pt 2 Pt 3 Pt 4 Pt 1 Pt 2 Pt 3 Pt 4 

TS3-1 0.11 0.15 0.23 0.26 0.22 0.27 0.22 0.26

TS3-2 0.11 0.07 0.09 0.12 0.17 0.16 0.19 0.16 

4.4.2 Hipot Test Results

The fans passed the Hipot test with input voltage of 2120mV and current readings of approximately 

23mA. 

4.4.3 Electrical Test Results 

Each motor successfully passed all pre-checks. 

4.4.4 Electrical Inspection Results 

All electrical wiring was inspected to be in accordance with 2017 NEC requirements.  
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5. CONCLUSION 

Strobic Air Technologies successfully performed AMCA 210 testing, plenum leak testing, full assembly 

smoke testing, vibration testing, hipot testing, electrical testing, and electrical inspections on two 

TS3L250C12 fans for Hanford Site. The AMCA 210 results indicated that the flow rate and brake 

horsepower parameters meet specifications and the plenum has minimal leaking at the design point of 

0.5 inwc. The full assembly smoke testing indicated proper system flow, sequence of operations, damper 

cycling, instrument signaling, and overspeeding. The system pre-checks all passed their specifications. 

The fan assembly and all its components meet specifications across all parameters and are suitable for 

use at Hanford Site.  
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7. APPENDICES 

7.1  Sequence Of Operations 

Startup Sequence

The system can be started when at least one Variable Frequency Drive (VFD) is set to Auto. (See 

attached VFD Factory IOM).  

When an operator presses the Start button on the System Control screen of the Human Machine 

Interface (HMI), all devices will be put into Auto, the lead fan will energize, and the bypass 

dampers will be commanded to 100% open.  

When the lead fan energizes, its isolation damper will fully open and its VFD will be 

commanded to run and modulate speed based on the system pressure Proportional-Integral 

Derivative (PID) output.  

Normal Operation 

The system pressure PID will hold the system pressure to a setpoint specified on the HMI. The 

PID’s proportional and integral gain parameters determine the speed and precision of the PID 

control and can be adjusted on the System Configuration screen of the HMI. A high system 

pressure setpoint can be set to prevent the system from exceeding a certain pressure. If the 

system ever exceeds this pressure, the system will ignore the PID output and lower itself to a 

configurable VFD speed. If the pressure is still above the high pressure setpoint for 180 seconds, 

the system will shut down automatically.  

Emergency Mode 

If maximum dilution is required, the emergency mode of the system can be initiated by pressing 

the Emergency Mode button the System Control screen. In this mode, the VFD will be 

commanded to 60Hz and the PID output will be ignored. All other logic will be unaffected. 

Failures 

If the lead fan fails (VFD fault or isolation damper failure to open or failure to close), the 

redundant fan will take its place and become the lead fan. The new lead fan will energize, its 

isolation damper will fully open, and its VFD will be commanded to run and operate to the PID 

output. The failed fan will deenergize, its isolation damper will spring closed, and its VFD will 
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be commanded to stop. The bypass dampers will independently stay at 100% open. If both fans 

fail, the system will proceed to the shutdown sequence automatically.  

Shutdown Sequence

The system can also shut down manually if an operator presses the Stop button on the System 

Control screen of the HMI. During shutdown, the VFDs will be commanded to stop, the isolation 

dampers will close, and the bypass dampers will close to 0%. If these steps do not complete 

within 180 seconds, the shutdown sequence will fail and signal an alarm. 

Rotation Sequence

If there is a runtime difference of at least 720 hours between the two fans, the rotation sequence 

will be initiated. When the rotation sequence begins, the redundant fan will become the lead fan, 

and the lead fan will become the redundant fan. The new lead fan will energize to the same speed 

as the old lean fan and its isolation damper will open. When the new lead fan’s isolation damper 

is confirmed fully open, the new redundant fan will de-energize and its isolation damper will 

close. If these steps are not completed within 180 seconds, the rotation sequence will fail and the 

lead and redundant fan will reverse. The 720 hour setpoint is an adjustable parameter in the 

Configuration screen of the HMI.  

Alarms

The following critical alarms will be present on the system and will be indicated on the HMI 

Alarms screen: 

1. VFD Failure  

2. Isolation Damper Failure  

3. Bypass Damper Failure 

4. Start Sequence Failure 

5. Shutdown Sequence Failure 

6. Rotation Sequence Failure 

7. Critical High System Pressure 

Alarms must be cleared at the HMI in order to proceed to standard use. 
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7.2 Fan Test Sheets 

Figure 7.2.1: TS3-1 Test Sheet 1 of 2. Section A indicates the pre-test motor checks 

A.
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Figure 7.2.2: TS3-1 Test Sheet 2 of 2. Section B indicates the vibration data. Section C indicates 
the hipot motor test data. 

B. C.
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Figure 7.2.3: TS3-2 Test Sheet 1 of 2. Section A indicates the pre-test motor checks 

A.
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Figure 7.2.4: TS3-2 Test Sheet 2 of 2. Section B indicates the vibration data. Section C indicates 
the hipot motor test data. 

B.

C.
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7.3 Calibration Certificates 

Figure 7.3.1: IRD Model 258 Analyzer/Balancer Calibration Certificate
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Figure 7.3.2: Model 9000A Vibration Transducer Calibration Certificate
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Figure 7.3.3: Fluke 52-2 Thermometer Calibration Certificate Page 1 of 2 
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Figure 7.3.4: Fluke 52-2 Thermometer Calibration Certificate Page 2 of 2
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Figure 7.3.5: Extech RH300 Digital Psychrometer Calibration Certificate Page 1 of 2
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Figure 7.3.6: Extech RH300 Digital Psychrometer Calibration Certificate Page 2 of 2
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Figure 7.3.7: Amprobe DM-III Power Multitester Calibration Certificate Page 1 of 4 
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Figure 7.3.8: Amprobe DM-III Power Multitester Calibration Certificate Page 2 of 4
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Figure 7.3.9: Amprobe DM-III Power Multitester Calibration Certificate Page 3 of 4
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Figure 7.3.10: Amprobe DM-III Power Multitester Calibration Certificate Page 4 of 4
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Figure 7.3.11: Extech 461830 Stroboscope Calibration Certificate Page 1 of 2 
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Figure 7.3.12: Extech 461830 Stroboscope Calibration Certificate Page 2 of 2 
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Figure 7.3.13: Conex JDB1 Barometer Calibration Certificate Page 1 of 2 
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Figure 7.3.14: Conex JDB1 Barometer Calibration Certificate Page 2 of 2
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Figure 7.3.15: Fluke 1736 Power Logger Calibration Certificate Page 1 of 5
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Figure 7.3.16: Fluke 1736 Power Logger Calibration Certificate Page 2 of 5
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Figure 7.3.17: Fluke 1736 Power Logger Calibration Certificate Page 3 of 5
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Figure 7.3.18: Fluke 1736 Power Logger Calibration Certificate Page 4 of 5
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Figure 7.3.19: Fluke 1736 Power Logger Calibration Certificate Page 5 of 5 
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Figure 7.3.20: Slaughter 2525 AC Hipot Tester Calibration Certificate Page 1 of 2 
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Figure 7.3.21: Slaughter 2525 AC Hipot Tester Calibration Certificate Page 2 of 2 
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Figure 7.3.22: Fluke 922 Airflow Meter Calibration Certificate Page 1 of 3 



46 

Figure 7.3.23: Fluke 922 Airflow Meter Calibration Certificate Page 2 of 3 
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Figure 7.3.24: Fluke 922 Airflow Meter Calibration Certificate Page 3 of 3 
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Figure 7.3.25: Meriam Z40HEX35WM-50 Inclined Manometer Calibration Certificate 
Page 1 of 1 
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Figure 7.3.26: Meriam Z40HEX35WM-60 Inclined Manometer Calibration Certificate 
Page 1 of 1 
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Figure 7.3.27: McGill AirFlow Leak Detective Calibration Certificate Page 1 of 1 
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7.4 Smart System 2.0 Startup Verification Form 

Figure 7.4.1: Smart System 2.0 Startup Verification Form Page 1 of 2 
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Figure 7.4.2: Smart System 2.0 Startup Verification Form Page 2 of 2 
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7.5 Published Sound Data  

Figure 7.5.1: TS3L250C12 Outlet Sound Data
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7.6 McGill AirFlow Leak Detective Data 

Figure 7.6.1: McGill AirFlow Leak Detective Pressure Drop to Leakage Rate Chart
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7.7 Plenum Leak Test Pictures  

Figure 7.7.1 Plenum Leak Test Setup
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Figure 7.7.2 Plenum Leak Test Blower and Manometers
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7.8 Smoke Test Pictures 

Figure 7.8.1 Smoke Through Plenum Inlet
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Figure 7.8.2 Smoke Through Windband 
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Figure 7.8.3 Smoke Through Inlet 
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