Redesign of an Airflow Test Bench: An Independent
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Abstract — An opportunity at Western Kentucky University foetredesign of an airflow test bench was provided
to a mechanical engineering student, the first@uyts an independent project. The redesign oéxisting airflow
test bench was required to minimize overall leakade and improve the aerodynamic performanceesiistem.
The redesigned airflow test bench will be desigheilt, and tested (DBT) for use as an instructi@doal in an
undergraduate mechanical engineering thermal flaidsratory and for possible industrial outreacharunities.
An airflow test bench is a system used to measiw@érodynamic performance of complicated passveees,
such as HVAC duct networks or filters and of activeair moving devices (AMD’s), such as fans amngrs. The
test bench will be primarily beneficial for futupnior and senior mechanical engineering studentyig fluid
mechanics phenomena in viscous internal flow regintehey will have the ability to demonstrate tieecalynamic
characteristics of various geometries and AMD’suobomachines, and compare them with their thezakti
predictions. Students can use the bench to gptlkesure drop and volumetric flow rate data thepare plots of
system performance for the device under test (DUT).

Keywords: Student Engagement Project, Airflow Test Benclroflgnamic Performance, AMCA.

INTRODUCTION

The Mechanical Engineering program at Western Kagtlniversity provides numerous project-basedriieay
experiences as well as traditional engineeringseie€oursework for its baccalaureate studentsThese project
learning experiences are both internally and eririsupported with past external funding deriveahf agencies,
such as ASHRAE and ASME. In senior design, stuglkate an opportunity to choose from a varietyrofazts in
order to allow them to learn more about topics tigin with their interests. To execute these ¢ty
professionally, students work with their facultyeabrs to guide them, and an industrial sponsa@heck
periodically the outcomes of the project to engbed the design criteria are being met. This mtjehich is a
redesign of the WKU airflow test bench, was prodide the first author as an independent projedtilihserve
future undergraduate mechanical engineering staderat thermal fluids laboratory.

An airflow test bench is a device to measure thitoai impedance of a test specimen or the perfoceasf an air
moving device (AMD). The results for the passigstispecimen can be expressed as a pressure dogs across
the specimen versus volumetric flow rate throughgpecimen, and for the AMD, results are typicediyresented

1 Western Kentucky University, 1906 College Heights Blvd, Bowling Green, KY 42101,
hussain.altammar948@topper.wku.edu

2 Western Kentucky University, 1906 College Heights Blvd, Bowling Green, KY 42101,
robert.choate@wku.edu

3 Western Kentucky University, 1906 College Heights Blvd, Bowling Green, KY 42101,
joel.lenoir@wku.edu

4 Western Kentucky University, 1906 College Heights Blvd, Bowling Green, KY 42101,
kevin.schmaltz@wku.edu

2012 ASEE Southeast Section Conference



by a characteristic performance curve of presseeasl lversus volumetric flow rate. The purpose isf phoject is to
redesign the existing airflow test bench in ordeminimize overall leakage and improve its aerodyica
performance.

Therefore, a proposed method to minimize leakag® ieduce the number of apertures through a rgdesdithe
existing airflow bench. Figure 1 shows the twonples of the existing airflow bench. Both were ¢arged of
melamine coated panels joined at their edges ta fosquare plenum with a 36 inch x 36 inch crostis®g. The
two plenums were secured together with DE-STA-Cfngls with a rubber seal at their interface, whieee t
volumetric flow elements, seven ASME nozzles, weyased on a single bulkhead. Two windows were also
designed into the largest wall of the 36 inch xr&h plenum as well as a window in the slightly §erasection
after the flow elements.

| Secondary Flow

Figure 1. Existing Airflow Bench

In the existing airflow bench, it had been obsertred significant air flow infiltration occurs dug the evaluation
of passive devices under test (DUT’s) when bothyhe sections experience a negative pressure rekatixoom
atmospheric conditions. Expected locations of kel are shown in figure 1. Multiple attemptséndeen made to
mitigate this leakage through the sealing of atheos and window joins of the plenums. These gitehave had
limited success. The severity of the degradatioiné airflow bench integrity had become so sigaiiit that
attempts to even quantify leakage rate were unsstue

Through a partnership with a regional design andufecturing company, Des Case Corporation, theiagis
airflow bench had been used to characterize thediapce of one of their products - a filter/desitcamister. The
company generously provided data with the undedétgrthat specific details be removed to proteeirtimterests.
The data was taken on two different occasions erséime canister. The impedance characteristizgikbér
canister measured prior to and after the performalegradation of the airflow test bench is showfigare 2. This
data suggests that this infiltration or plenum sggkwhen downstream of the filter and upstrearheflow

element represents a parallel impedance with Hee.fiThis results in an unacceptable decreadieeipressure drop
across the filter and an increase in measured v@Row rate through the filter. This data providgsntification

of severity of the leakage rate for this applicatiand subsequently, a justification for the regiesiffort.
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Figure 2: Impedance Test of Filter Assembly

When an AMD is tested; the section downstream @fAND and upstream of the volumetric flow meteuisler
positive pressure with the respect to the roonetineexpanding or “ballooning” the plenum furtheedmating the
seal failure and also creating unacceptable exiittn or leakage. A heavy duty smoke pencil waslue visualize
the behavior of air leaks from these aperturescaacks. The method proved useful and very sucgeissf
identifying leak locations in the bench when opedatinder the positive pressure conditions simiart AMD
evaluation. Figure 3 shows smoke is rising veltfideom the smoke pencil’s vapor chimney untitéaches a
corner join of the existing bench and then the sreikrts changing direction away as it is entraingte air
escaping from the bench.

Air Flow Test Bench

Smoke Pencil

Figure 3: Flow Visualization of Air Leakage
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A concept of the redesigned airflow bench is shawiigure 4. The redesign replaces the melamimstcacted
plenums with circular cross-section plenums. Tée af a circular versus square cross sectionstveafirst major
design consideration, since air leakage at theeceraind around the windows would be a non-issue.

Variable Exhaust Blower

Flow Element Bulkhead

Convergent Section/

Transition

Air Moving or PVC Pipe

Passive Device

PVCFlange

Figure 4: Redesigned Airflow Bench

This change will likely improve the overall results DUT’s —both passive and active. In this dasiginimal
leakage can possibly occur between the flangelangipe because it is intended that the pipe amé are not
permanently joined. When finally assembled, agqrestest will be performed to determine the ledk of the
airflow bench. However, it is expected that tleilbility, afforded by this nonpermanent joiningthé flange for
maintenance and flow meter calibration, outweigiis possible minor leakage opportunity.

Another reason to support the decision of redesigim circular cross-section plenums is to improe t
aerodynamic performance of the bench by eliminatiosecondary flows [2] created at the cornerdiefsquare
plenums in location shown in figure 1 and an attetopninimize entrance region effects. The modgénd
measure of these effects are difficult; howevenfl/isualization of a properly dimensionally scatesst bench:” is
planned in early spring to qualitatively capturest phenomena. Additionally, flow straightenerdampening
panels will be incorporated perpendicular to thenpry flow direction. These will serve to furthgiminate any
secondary flows and damp rotational behavior intoedl by the DUT or the Variable Speed Exhaust Bitawhe
test bench.

DESIGN CRITERIA

In order to measure the success of the projecfotlmaving system level design criteria were esti#d:

e The redesign airflow test bench must be able t@gea volumetric airflow rates over the range otd 0
2000 cfm at a maximum of 10 inches of water prassiiop and measure associated pressures and volume
flow rates for the characterization of a passiveltand of an AMD.

e The redesign airflow bench must meet the ANSI/AMEBBHRAE 41.2 — 1987 [3] for plenum dimensions,
location of the flow elements, location of the fletvaighteners, and the locations of the presgatie s
taps.
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» The overall leakage rate must be minimized in duesign airflow bench. A method outline [4] to
characterize airflow leakage is given in equatibn (

Leakage Rate =1800/( p,,,, + 95)dt (cfm) (1)

» The aerodynamic performance of the system musnpeoived by reducing secondary flow effects and
dampening air flow to ensure pressure measure tagbéty in the airflow test bench at the presssiagic
taps. The location of static pressure taps wikntee standard based on a particular flow nozzle.

* The entire device must be durable and rigidly loikndure 10 years of service.

DESIGN OF THE TEST BENCH

In order to meet the acceptance criteria of thgeptpthe student made use of the current benclpooents and
integrated many of them into the redesigned airfi@nch. The final redesign will consist of thddeling major
components:

* Flow Bench Structure or Plenum (PVC Pipes and Fdang

» Variable Speed Exhaust Blower (Not being considaretis redesign)
* Flow Elements (ASME Nozzles) (Not being considdrethis redesign)
* Flow Element Bulkheads

Two of the above components, the variable speediesttblower and the flow elements (ASME nozzles)rat
being considered in this redesign. However, somdifications will be necessary to properly incorgterthese
components into the bench. One of these is the dlement bulkheads. The following sections wiltlime
relevant design criteria for the each of these magmponents.

Flow Bench Structure or Plenum (PVC Pipesand Flanges)
The design criteria for the flow bench structurglemum (PVC Pipes and Flanges) include:

* The inside surface of the pipe must be smooth &straction free such that these surfaces will neaie
unnecessary air flow impedance or pressure droprizegxpected major loss at the prescribed flow rate

* The length and diameter of the pipe must be chaperopriately to minimize entrance region effects.

* The pipes and flanges when assembled must megitabteair leakage rates as defined by the system
criteria.

In the redesign airflow test bench, two 10-footgph2-inch diameter PVC pipe sections with conmectianges are
to be used to satisfy these criteria. These naseniere donated by Des Case Corporation to theesming
department. Des Case has a particular interébtiaerodynamic performance characteristics @fr§ltwhich may
provide students with future opportunities for isttial outreach projects. The two sections of pidebe installed
on two Workplac® Systems laboratory benches, one for each seetimhthe two benches and their pipe sections
will be connected together with a PVC flange. Bmdwthe two rings of the flange, a flow elemenkbebd will be
inserted with two rubber gaskets to seal and mirgnaiir leakage. It is crucial to have the benemestheir pipe
sections on the same level horizontally in orddimt® up the pipe sections and the 12 bolt holesach flange. To
secure the pipes, four 2-inch wide steel strape l@en designed and built to hold the pipes st@tjonTwo holes
will be drilled into the strap tabs to bolt theagts to the box tubing of the laboratory bench stinecwhere the pipes
are to be secured. To enhance the structure dFtiréplac& Systems laboratory benches, which were not
intended for this type of application, four vertipast supports were also designed and built. & pests are to be
positioned underneath the box tubing of the laloyabench to support the additional load due toldoot
sections of PVC pipe.

Variable Speed Exhaust Blower

The design criteria for the variable speed exhblaster system were demonstrated in the currerbairfest bench
to meet the following criteria. Preliminary calatibns indicated that the redesign will not impem.
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e The blower must be able to overcome a minimum pressf 10 inches of water created by the airflow
bench and the DUT.

e The blower must create at least 2000 cfm @ 10 moifievater pressure drop.

* The laboratory facilities infrastructure provide80¥, 32.4 Amps, 60 Hz, 3 phase power. Thereftre, t
blower motor is required to be compatible with #éxésting laboratory infrastructure.

* The blower must have a variable frequency driveatibility to achieve variable speed to obtain flow
rates from 10 to 2000 cfm.

* In order to ensure safe operation, the blower masge guards for all moving parts.

The blower is very important component and musilile to overcome the pressure created by all coengsrof
the flow bench. From the previous design calcoietiwith the largest nozzle, it was found thatghessure across
thenozzle at 2000 cfm will create at most 8 inchewater head. Therefore, a centrifugal type is fotmide the
best choice for the air flow bench. A 9-IPA Greeckblower was selected to be used in order to theet
requirements. This centrifugal blower is capalilereating more than 10 inches of water at the marn designed
flow rate, and it is available with a variable foegcy drive motor and powered by 480V, 32.4 Amp$|4 3
phase.

Flow Elements (ASM E Nozzles)

The design criteria for the flow elements (ASME zies) were demonstrated in the current airflow besich to
meet the following criteria. Preliminary assesstedicates that the redesign will not impact them.

» The flow elements must be capable of measuringriava rate from 10 to 2000 cfm with minimal non-
recoverable head loss.

» The flow elements must be selected and designaddordance with ASME MFC-3M-1989 [5] and
ANSI/AMCA/ASHRAE 41.2-1987 [3].

e Traceable calibration of the flow element must foergyly considered.

» The flow element must be designed such that it b@asemoved for future maintenance, inspection,
alteration, and calibration.

The flow elements are critical components of tldadh to accurately determine volumetric air floterdarough
them and therefore through the DUT. To achieveralmoiteria, ASME nozzles were selected to be ursélde

initial and retained for the redesign air flow bknc'he nozzles in the original flow bench wereaged on a single
bulkhead in an array. Each nozzle creates a krubfferential pressure at a prescribed volumetoavfrate. To
measure air flow volume rates from 10 to 2000 efreingle nozzle was not sufficient because ofahgel range of
the flow.

Therefore, seven nozzles were sized and desigresdilmn ASME standards for the current airflow benghch
nozzle measures a certain range of flow rate airman differential pressure of 8 inches and minimofd inch of
water. Static pressure taps will be installed glthe pipe sections at specific locations upstreachdownstream of
the flow elements [3, 5]. Setra Systems, Model, 26ferential pressure transducers will be usethéasure the
differential pressure across the DUT and the nozztethe redesigned flow bench, a nozzle arrayoifeasible
given the limited cross-sectional area availablheé12-inch diameter PVC pipe. Therefore, eittiegle or two
nozzle configurations will be used to cover theiresoperating range of the flow bench. The mawnhulkheads
for the nozzles will be more fully described in thext section.

Flow Element Bulkheads

In the existing airflow bench, a square plenum srectional area of 36 inch x 36 inch was desigoedlow for
the installation of a nozzle array housing all se#&ME nozzles. However, the redesign air flowdieaross-
sectional area is 12-inch diameter PVC pipe, whicls not provide sufficient surface area to molimazzles on
one bulkhead; therefore, five bulkheads were desigiAs shown in Figure 3, two smaller nozzleslmamounted
on a 19 inch x 19 inch aluminum panel bulkhead spated such that no or limited effects betweenlaszxcur.
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The other nozzles are either mounted in group ofdmindividually, as shown in Figure 4, per buladedepending
on the size of the mounting flange of the particulazzle.

19.0 ‘l 19.0 -1
O 7/8 Bolt Hole
o O o 7/8 Bolt Hole o o
o O// 1.5in Nozzle @) O/
/ .— 2.5in Nozzle
12.0
O Q @ 190 |© ©
©) @) @) @)
O O O O
1 O I o
1.25in Nozzle
Figure 3: Drawing of one nozzle bulkhead Figure 4: Drawing of two nozzles bulkhead

Holes were drilled in the nozzles flanges to mahetnozzles on the bulkhead by using a rivet tddlese rivets
will not mount the nozzles permanently; therefohey can be removed for calibration, inspectioml arintenance
as required. The flow element bulkheads are alzomed at the middle section of the bench wheréwbepipe
sections are connected together by the flangdussrdted in Figure 5.

Flow Element Bulkhead

Gaskets
Figure5: Schematic of the middle section of the bench.

Two Buna-N rubber gaskets were designed and fabdda seal between the bulkhead and the ring&¥&f ftange.
The gasket and flange material are compliant atidovaduce suitable seal under flange manufactasembly
instructions. During the test, one bulkhead orgblected nozzle at a time can be inserted intbéhneh, and if the
bulkhead contains two nozzles, a nozzle cap wilided to stop flow through the nozzle not beinguee the
desired range of flow for the DUT.

SUMMARY

The paper provides overall description of the riegtesf an airflow test bench. It has outlined bemefits to the
infrastructure of a mechanical engineering therftoéds laboratory and the design challenges inréuesign of the
test bench. The redesign of the existing airflest bench was required to minimize overall leakatge and
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improve the aerodynamic performance of the systéhis device will enhance future junior and semitudents
learning experiences in the demonstration of visdaternal fluids phenomena. The experimentalltest a test
specimen can be expressed as pressure loss vemsustle, and for an AMD, the results are a chaastic
performance curve. These results will help stuslemselect AMD’s or turbomachines based on thesthapce
characteristics of their particular system. Du&®project schedule, this paper does not incbasemissioning of
the new airflow bench with results validating thenimization of overall airflow leakage and improvent of
aerodynamic performance of the system. Also, aasssnent of the learning outcomes for the studghbahas
not been completed. These results will be includeatie conference presentation.
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