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Traditional air-handling unit (AHU) control systems link the posttion of the exhausi. recircula-
ton. and outdoor air dampers. Laboratory tests of a variable-air-volume AHU using the tradi-
tional damper control approuch revealed that outdoor air could emer the AHU through the
exhaust air dumper. This can negatively impuct indoor atr qualiny, This paper examines the con-
ditions that lead to this phenomenon and presents @ new control system thar can help alleviare
the probien. The new control svstem links only the pusition af the exfiaust and recirculation air
danmipers. During occupied rimes. the ourdoor air damper is fully open.

Simudarion resudts are presented that demonstrate that the new damper control svstem prevenis
air from entering the AHU through the exhaust air owilet for all but extreme conditions that are
described in the paper. Laboratory and field test results are presented that demonstrate that the
new comtrol system prevents atr from entering the AHU through the exhaust air owrlet for the
same conditions that cause siznificant reverse airflow for the traditional control system. Fur-
thermore, reverse airflow was not observed for any of the conditions examined in the laboratory
and field rests when the new control svstem was used.

INTRODUCTION

The primary function of an air-handling unit (AHU) is to provide conditioned air to occupied
areas of a building. An AHU typically has dampers that are used to control the amount of out-
door air that enters the system. the amount of air exhausted trom the sysgem. and the amount of
return air from the butlding that is recirculated through the system. Damper control is primarily
influenced by two factors. namely. the need to provide sufficient outdoor air 10 meet indoor air
guality (IAQ) standards. and a desire to conserve encrgy by limiting heating and cooling in the
AHU coils. AHUs are designed with the intent that outdoor air enters the system only through
the outdoor air duct and dampers. However, under certain conditions air can also enter an AHU
through the exhaust air damper. This phenomenon has been observed in laboratory tests of a
variable-air-volume (VAV) AHU that utilizes a volume matching control strategy 1o control
building pressurization and. indirectly. the flow of outdoor air into the AHU.

Why is this problem of interest? TAQ could be jeopardized if the exhaust air damper is located
near a truck dock. garbage dumpster. or other pollution/odor source. In addition. in some AHUs
special filiers and/or preheat coils are placed in the outdoor air duct. Air entering the AHU
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through the exhaust air damper would bvpass these companents. Bypassing the special filters
could lead to poor IAQ. If the outdoor air temperature is coid enough. the coils could freeze or
the freeze protection thermostat could cause the AHU to shut down. Hence, this phenomenon
introduces another degree of complexity to the control of VAV AHUs that must be addressed by
controls consultants and building operators.

The phenomenon of reverse airflow through the exhaust air damper of VAV AHUs has been
noted in the literature (Janu et al. 1995, Elovitz 1995); however. given the potential seriousness
of problem, it has not received adequate attention. The objectives of this study are to describe
the physical circumstances that tend to produce the reverse airflow phenomenon and to present o
control solution that will substantially alleviate the potential for this behavior,

This paper is organized as follows. Typical operating strategies for a VAV AHU are pre-
sented first. Next, the equations governing airflow in the AHU are presented and simulation
results demonstrating reverse airflow through the exhaust air damper are presented. A new
damper control system is then proposed and simulation. laboratory and field results are pre-
sented comparing it with the traditional damper control svsiem. Finally. conclusions and recom-
mendations from this study are presented.

THEORETICAL ANALYSIS

Systemn Description

Figure 1 is a schematic diagram of a tvpical single duct VAV AHU. The AHU consists of
variable speed supply and return fans. three dampers for controlling airflow (o and from the
AHU 1o the outdoer environment. heating and cooling coils for conditioning the air. a filter for
removing airborne particles. various sensors and actuators. and a controller that receives sensor
measurements and computes and transmits new control signais. In the discussion that follows.
tvpical operating strategies are described for a VAV AHU that uses volume-matching control of
the return fan, '

VAV AHUs are typically controlled to maintain a constant sel-point temperature at a location
in the supply duct downstream of the supply fan. This is achieved by controlling the outdoor air.
recirculation air. and exhaust air dampers. and by controlling the flow of hot water and cold water
through the heating and cooling coils. respectively. For extreme outdoor air temperatures, the
dampers are typically positioned to allow only enough outdoor air to enter the AHU to satisfy min-
imum ventilation requirements, This type of control can produce significant energy savings.

The supply fan of a VAV AHU is controlled to maintain the static pressure in the supply duct
at a constant set-point value. Constant temperature supply air is distributed to various zonss (not
shown) that may have different loads and/or set-point temperatures, To account for the variabil-
ity of the conditions in the zones, VAV boxes (not shown) that regulate the amount of air that
enters a zone are placed at the end of the supply air ductwork leading to each zone. As a zone
load decreases, the corresponding VAV box restricts the flow of air to the zone. thereby increas-
ing the static pressure in the supply duct and causing the supply fan speed to decrease in order to
maintain the static pressure set-point condition. If the zone load increases, the VAV box and
supply fan respond in the opposite manner.

The return fan of a VAV ARU is typically controlled to maintain a small positive zonc pres-
surization in order to prevent infiltration. One strategy used for this purpose controls the return
fan to maintain a constant differential between the supply and return airflow rates. This strategy
is known as volume matching control (also known as fan tracking). With this strategy, airflow
stations are used to measure the airflow rates in the supply and return air ducts. Because the dif-
ference between the supply and return airflow rates (the volume matching differential) must be
made up by outdoor air, the volume matching strategy aiso indirectly controls the amount of out-

1
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Figure 1. Schematic diagram of single duct variable-air-volume air-handling unit

door air that enters the AHU. Kettler (1993) and Elovitz (1995) provide numerical examples of
how the volume matching strategy can fead to large errors in the control of ventilation air and
recommend other strategies for controlling venulation air. Nonetheless, the volume matching
strategy is used and is susceptible to the problem described in this paper.

Traditional AHU Damper Control System
Traditional AHU control systems link the position of the outdoor air damper, recirculation air
damper. and exhaust air damper. The outdoor and exhaust air dampers are normally closed and
the recirculation air damper is normally open. As the cutdoor and exhaust air dampers are
opened, the recirculation air damper is closed. The dampers may have separate mators as
depicted in Figure 1. or they may be mechanically linked and controlled by a single motor. For
this traditional system. the equations describing the relationship between damper positions are:
8,,=1-8 (1)

ré ex

0uru‘ =1- ere = ee_r 2
where 0,, is the fraction of fully open position of the recirculation air damper, 8,, is the fraction
of fully open position of the exhaust air damper, and 8,,,,, is the fraction of fully open position of
the outdoor air damper.
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Quwdoor, recirculaton. and exhaust arrflow rates are dependent on the characteristics and set-
tings (blade positions) of the dampers. the supply and return airtlow rates. and pressures in the
return and mixed air plenums as well as the pressure at the inlet to the outdeor air duct and the
pressure at the exit to the exhaust air duct. In the next section. the equations governing airflow in
VAV AHUs are presented.

Pressure and Airflow Governing Equations

The governing eguations tor the pressure and airflow conditions in the AHU are derived from
the principles of conservation of mass and energy. The density of air is assumed o be constant
and the pressures at the niet of the outdoor air duct and at the exit of the exhaust Juct are
assumed to be equal to atmospheric pressure (i.¢.. wind and stack etfects are not included 1o the
governing equations). Steady-state conditions are assumed (o exist. Neglectunyg duct leakage.
conservation of mass applied at the return air plenum and at the mixed wr plenum vields

Qr' = Qe.\'+ Qre {3

Q‘\‘ = QUU - Qre t-l’]

where 0, is the return mirflow rate. @, is the flow rate of air exiing the AHU through the
exhaust air damper. Q,, is the recirculation airflow rate. Q. is the suppiv airflow rate. and 0, is
the flow rate of air antering the AHU through the outdeor air damper. Because ot the constant
air density assumption. all airtlow rates discussed in this paper are volumetnie airtlow rates.

The energy equanon tor return air exiting the AHU through the exhaust air damper 15 tWhite
19861

P, V. P Ve

vv _ tu . . e )
—Q_JFT - A+(C.¥¢'TCLI.E‘;_—CEH) B o)

where C,. is the loss coefficient for a sereen that is placed in the exhaust air duct 1and outdoor
air duct) to prevent birds and other small animals from entering the AHU ductwork. G, is the
toss coefficient for the exhaust wir damper. C,,, is the loss coefticient for a sudden enlargement,
Py is the static pressure in the return air plenum. P, is atmospheric pressure. V, is the velocity
of air exiting the AHU through the exhaust air damper. and p is thy air density. The coethelent
for a sudden enlargement 1s used in Equation (3) to account for losses as the air is passing from
the exhaust air duct to the outdoor environment.
The energy eguation for outdoor air entering the AHU through the exhaust air damper 15

PP V] v, -
o i ex ex .
Ei = F + —2' + (CC{J -+ Cﬂ',é’A\' + C‘,[.)T L6)

where C,, is the loss coefficient for a sudden contraction. In this case the coefficient for a sud-
den contraction accounts for losses as the air is drawn into the exhaust air duct from the outdoor
environment.

The energy equation for outdoor atr entering the AHU through the outdoor air damper is

~

+C 0= (7

5V
! = o
_Lﬁ—*+T+((L‘U+(
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where Cy,,, is the loss coetlicient for the outdoor air damper. P, is the state pressure in the

mixed air plenum, and V,,, is the velocity of air entering the AHU through the outdoor wr
damper.

The energy equaton for airtlow through the recirculation air damper is
hl

P" Vre
- = _-+(Cm+Cn["c'JT 18)
P P -

where C,, is o foss coelticient tor miscellaneous losses between the return air plenum and the

mixed air plenum. C;, is the loss coefTicient for the recirculation air damper. and V), 15 the
velocity of air threugh the recircufation air duct.
The volumetric airflow rates and air velocitics are related by the following expressions:
Qe_\' = \r\"‘\e.t i
Qtld( = ‘Lylll-%u([ (1th
Q,, = V. A, (lh

where A, 1s the area of the exhaust air damper where 0, is measured. A, is the arex of the out-
door air damper where @, is measured. and A, is the arza of the recirculation air damper where
Q.. 15 measurad.

To determine the pressures and airflow rates throughout the AHU. i1 15 necessary W specify
the loss coefficients in Equations (3) w0 (84, the damper areas in Eguations (91 w (111 and the
supply and return airflow rates. Having done this. the governing equations can be solved simul-
taneously to deternune the pressures P and Paand the airflow rates Q. 0, and Q..

The model described by Equations (3} to (3} vields results that are believed (v be representa-
tve of actual systems, Because of their custom built nature, each AHU tends 10 experience
unique operating conditions and contigurations that influence the airflow characteristics in the
systemt. Thus. the use of the idealized model seems justified for purposes of analvzing the trends
in airflow rates and pressures for VAV AHUs.

Simulation Results

Simulations were performed to examine the cttect of several design parameters un the airflow
and pressure conditions in the AHU. Solutions to the governing cquations were obtained using a
general purpose equation solver (Klein and Alvardo 1994). A base case simulation was per-
formed 1o establish representative airflow characteristics and rates for a tvpical operating condi-
tion. The following values were used in the base case simulation:

O, = +0mYs p = 1.202 ke/m’
0,0, = Lombs

C,. = B32(ASHRAE (992b)
P.o=1la < . -
3 ‘: - 2.3 :_::3 C., = 0.5 (De Nevers 1977}
A aame C,, = 1.01De¢ Nevers 1677)
thond -
A, =10 m- Cp =10

The values of the loss coefficient for a sudden contraction (C,,,) and the loss coefficient for a
screen (C,) listed above were used for both the exhaust and the outdoor air ducts. Standard

ASHRAE sizing practices (ASHRAE 1993b) were used to determine representative values for
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the base case conditions. Nonlinear tunctions fit to ASHRAE loss coefficient data { 1989, 19934,
were used (o estimate values of Cy .. C;,, and Cy,, as a function of damper position.

Figures 2 10 4 present simuiation results of the exhaust airflow rate as a function of the pOsi-
tion of the outdoor air damper for various tlow conditions. Figure 2 demonstrates the influence
of the supply airflow rate on the exhaust airtlow rate for base cusc values of the volume match-

-

ing differential and recirculation air damper size. Figure 3 shows the influence of the volume
matching differential for base case values of the supply airtlow rate and recircutation air damper
size. Figure 4 shows the influence of the design rectrcutation air velocity (f.e.. recirculation air
damper size) tor base case values of the supply airflow rate and volume matching differential.
Changes 1o the design recirculation air velocity are achieved hy madifying the size of the recir-
culation air damper in the simulations.

Figure 2 shows that for a supply airflow rate of 5.0 m¥/s. the airflow rate through the exhaust
air damper is negative if the outdoor air damper is less than 20% open. This means that outdoor
air enters the AHU through the exhaust air damper. As the supply airtlow rate decreases {and the
volume marching differential is held constant), the exhaust airflow rate remains negative for
targer values of the outdoor air damper position. Thus. the reverse airflow phenomenon becomes
more evident in a VAV air-handling system at low load condittons when the supply airflow rate
Is decreased. As the outdoor air damper approaches the closed position. the exhaust airflow rate
becomes insensitive to the supply airflow rate.

Ideally the exhaust airflow rate would be zero when the exhaust air damper 1s tully closed.
Because the damper control system links the damper positions. a fully closed exhaust air damper
corresponds directly to a fully closed outdoor air damper. To achicve this ideal atrflow scenario.
the exhaust air damper loss coetficient (Cy,.) must approach infinity as lhe damper approaches
the fully closed position. In the simulation results. the damper loss coeflicients have finite val-
ues when the dampers were in the fullv closed position.

Figure 3 shows that the exhaust airtlow rate is dependent vn the volume-matching differential
when the outdoor air damper is closed. Larger airflow rate differences between the supply and

4
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Figure 2. Simulated exhaust airflow rate as a function of outdoor air damper position and
supply airflow rate using base case values for all other parameters
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Figure 3. Simulated exhaust airflow rate as a function of outdoor air damper position and
volume matching differential using base case values for all other parameters
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Figure 4. Simulated exhaust airflow rate as a function of outdoor air damper position and
design recirculation air velocity using base case values for all other parameters

return air ducts lead to lower return airflow rates {assuming all other parameters are fixed) and
lower return fan speeds. Consequently, the pressure in the return air plenum is lower and larger
negative exhaust airflow rates result.

Figure 4 shows that as the design recirculation air velocity decreases (recireulaton damper size
increases), the amount of air exhausted also decreases for a given supply airflow rate, volume
malching differential. and damper position. Larger design recirculation air velocities produce
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larger pressure drops across the recirculation air dampers for a given damper loss coefficient. This
has the same effect as increasing the loss coetficient of the recirculation air damper while main-
taining the recirculation air velocity at a constant value, namely, it increases the low resistance
along the path of air entering the AHU through the exhaust air damper, thereby reducing the range
of conditions over which the problem oucurs.

Figure 4 also shows that in the limit as the outdoor air damper approaches a fully open or lully
closed position. the curves coilapse upon one another. When the outdoor air damper 13 nearly
fully open. the recirculation air damper is nearly fully closed. In this position. even at lower
velocities. the flow resistance associated with the recirculation air damper is sufficienty large 1y

almost completely stop the How of air through the recirculation air damper (if O,..=0, =
3.0 m¥s. then O, = 0). When the outdoor air damper is nearly fully closed. the recirculation arr
damper is nearly fully open. In this position the resistance associated with the recirculation air
damper is essentially negligible, the tlow conditions are insensitive to the desian recirculation
air velocity and there is reverse {low through the exhaust air damper.

Figure 5 shows the ratio of the outdoor airtlow rate (sum of airflow rates entering the AHU
through the outdeor and exhaust air dampers) to the supply airtlow rate as a function of the out-
door air damper position for various supply airtlow rates. Results in Figure 5 can be obtained by
applying conservation of mass relations to the results in Figure 2. Similar results were obtained
using Figures 3 and 4. but are not presented here.

For a supply airtlow rate of 5.0 m*/s. Figure 5 shows that the outdoor airtlow ratio is constant
when the outdoor air damper position is less than approximately 20% open. As the supply air-
flow rate decreases. the minimum value of the owtdoor airfluw ratio increases. The outdoor air
damper position corresponding to the point where the transition to 2 constant outdoor airflow
ratio occurs witl be referred te as the threshold position and the corresponding outdoor airtTow
ratio will be referred to as the threshold outdoor airflow rativ. The threshotd outdaor airflow
ratio is determined from the supply wirflow rate and the volume matching differential. For
mstance. when Q. = 2.0 m- s and Q, = 1.0 ms. the makeup airflow rate (outdoor airtlow rate

1.0 -
|

|

0.3 -

QOutdoor Atrflow Rate
Supply Airflow Rate

er:

0.6 0.8 1.0

Position of Qutdoor Damper (Fraction Open)

Figure 5. Simulated outdoor airflow ratio as a function of outdoor air damper position
and supply airflow rate using base case values for all other parameters
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minus the exhaust airflow rate)r must equal 1.0 m*/s. The threshold outdoor airflow ratio of 05 is
reached when the outdoor air damper angle is equal w0 0.4 As the outdoor air damper angle is
closed further. air 1s drawn in through the ¢xhaust air damper to provide the necessary makeup
air: however. the total amount uf outdoor air remains equal to 1.0 m¥/s.

The existence of a threshold vutdoor airflow ratio can be shown using the following expression:

lQerl —Qer
+—

B

er = Quu (12

where @, s ihe total outdoor airflow rawe accounting for air entening through the outdoor and
exhaust air dampers. Equation (123 ¢can be rewritten using Equations 13) and (4) w obtain

<
Qn Qre \Q—\ }
— =l -—=

Q, Q. 2

(13)

It Q,/Q, 1s constant and @,,/0, 1s gradually increased rimplving that the outdoor air damper is
gradually closedt. Equation (13) yields a constant value ot Q,/Q, for values of Q,_ /(. greater
than or equal o /0,

There are 1wo main implicatons of the behavior seen in Figure 3. First. when the outdoor air
Jamper position is less than the theeshold position. the amount of outdoor air introduced to the
AHU (through both the outdoor and exhaust air ductsi cannot be controlled. Second. as the
Jampers are modulated o provide free cooling. the svstem gam iratio of the chanee in the tem-
perature at the exit of the mixed air plenum to the change in the damper contrel signal) becomes
zero when the vutdoor air damper position is less than the threshold position. If the system gain
determined when the ouldeor air damper position s less than the threshold position is used 10
tune the damper cantroller. the controller may be far tow aggressive when the outdoor air damper
position 1 greater than the threshold position, Hence, when tuning the svstem. the outdoor air
Jamper should be stroked from 40 to 60¢% open o avoid this potential problen:.

NEW AIR-HANDLING UNIT DAMPER CONTROL SYSTEM

The new AHU damper control system links the position of onlv the exhaust air damper and
the recirculation air damper using the relationship in Equation 1. During decupied umes. the
outdoor air damper remains 100% open.ie. 8,,= 1.

Simulation Resulits

Sumulations were performed to compare the traditional and new control systems. Figure 6
shows the tlow rate of air through the exhaust air damper for the traditional and new control sys-
tems. Negative values of the exhaust airflow rate indicate that air is entering the AHU through
the exhaust air damper. For the traditional control system, outdoor air enters the AHU through
the exhaust air damper when it 15 less than 30% open. For the new control system. outside air
does not enter the AHU through the exhaust air damper. By opening the outdoor air damper, the
flow resistance through the outdoor air duct is reduced and the pressure in the mixing plenum is
increased. This increases the pressure in the return plenum to the point where it is greater than
atmospheric pressure. thus preventing the reverse airflow phenomenon. Note that as the exhaust
air damper approaches the fully open position. the curves in Figure 6 converge. This desirable
(albeil expected) resultis seen in all ensuing comparisons of the two control systems,

Figure 7 demonstrates a case in which the new control system fails to prevent the reverse air-
flow problem. Both curves in Figure 7 represent results obtained using the new control system.
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Figure 6. Simulation results comparing traditional and new damper control systems
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Figure 7. Simulation results for the new control system demonstrating case where new
control system fails to prevent reverse airflow through the exhaust damper

The curve labeled A,=20 m- show s that the new control system is unable to prevent the reverse
airflow phenomenon when the exhaust air damperis nearly fully closed. The second curve shows
that by reducing the area of the recireulation air damper (by disabling and closing one or more
blades). air is prevented from entering the AHU through the exhaust air damper. An alternative 1o
reducing the area of the recirculation air damper is to limit its maximum open position.
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The results in Figure 7 are presented to demonstrate that the new control system does not
climinate the possibility of outdoor air entering the AHU through the exhaust air damper. 1t sim-
ply reduces the likelihood of occurrence of the phenomenon. In addition. for those cases where
reverse airflow through the exhaust wir damper does occur with the new control system, the
amount of reverse airflow and the range of damper positions over which the phenomenon oceurs
will be at least as great for the traditional control svstem. Under extreme conditions, it may be
necessary (0 use the new control system and modify the flow resistance through the recirculation
arr damper to alleviate the problem.

Laboratory Results

A laboratory VAV AHU was used 1o validate the tfindings from the simulations. No attempt
was made 10 measure the actual damper loss coetficients or other loss coetficients for the labora-
tory AHU. In addidon. the sizing of the components of Jaboratorv AHU do not necessarily foi-
low ASHRAE guidelines. Thus. only consistency in trends between the simulation and
laboratory results and differences between the new and traditional control systems were vall-
dated with the laboratory AHU. Aurtlow measurements were obtained using airflow statiens and
ditferentiat pressure transducers. The awtlow stations vield an average velocity pressure for a
cross section of the duct. The differential pressure transducers are accurate to = 0.03% of the
reading + 0.001% of full scale (Datametrics. Inc. 19801

The exhaust airflow rates tor the traditonal and new control systems are plotted in Figure 8 as
a function of the normalized control signal to the exhaust air damper. where normalized control
signals of 0 and 1 indicate that the damper is commanded to the tully closed and fuily open posi-
Lions. respectively, The dashed (raditional) and selid (new) curves in Figure 8 are fourth order
polynomials that were fit to the data using least-squares regression. For the laboratory results.
the supphy airflow rate was nearly constant and approximately egual to @, = 1.38 m3/s. The
return fan was controlled to maintain the flow difference between the supply and return air ducts
a1 0.37 m'ss.

The curves in Figure § are very similar 10 the simulation resulls presented in Figure 6.
Although the data for the new contrel systemn indicate that airtlow through the exhaust air
damper becomes negative as the exhaust air damper is closed. no evidence of reverse airflow

0.6

Exhaust Air Flow Rate (m3/s)

A Traditional

0.0 0.2 0.4 0.6 0.8 1.0
Control Signal to Exhaust Damper (Fraction Open)

Figure 8. Laboratory results for traditional and new control systems
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through the exhaust air damper was observed when smoke tests were performed. The simoke
tests consisted of holding a smoke generator near the exhaust air outlet and observing whether
the smoke was blown away from the vutlet or drawn into the outlet as the dampers were stroked
from fully open to fuily closed. Smoke tests confirmed that air is drawn into the AHU when the
traditional control system is used and the exhaust air damper approaches the fully closed posi-
tion. It is possibie that the small negative airtlow rates seen in Figure § for the new control svs-
tem are attributable to difficulties associated with obtaining accurate airtlow measurements.

Field Results

Field tests were performed with both control systems for an AHU at the lowa Energy Center
Energy Resource Station (ERS) focated near Des Moines. Iowa. The AHU at the ERS has
opposed blade dampers. each with a separate actuator. Commercially available airtlow measur-
ing stations that use thermal sensing technology were used to measure the supply. return. and
outdoor airflow rates. The rated accuracy of the flow measuring stations is = 2% ol reading.

A custom-made airflow direction indicator was instailed in the exhaust air duct. The airflow
direction indicator consisted of a licht foamboard panel fastened 1o a pivot rod and pointer. The
pivot rod was suspended from the sides of a horizontal section of the exhaust duct. The toamboard
panel was nearly the same size as the duct cross sectional area. making it very sensitive to airtlow
direction and velocity. Atno flow or neutral tlow conditions the foamboard panel would hang ver-
tcaily in the duct and the pointer would point down. As the exhaust airtlow changed, the panel
would rotate on the pivot rod corresponding to the direction and relative magnitude of exhaust air-
flow, This device made 1t very easy to determine the direction of airtlow in the exhaust air duct.

Two sets of data were collected at the field site. [n the first test. the supply airflow rate varied
from 1.33 m¥/5 10 1.57 m¥s. In the second test. the supply airflow rate varied from 0.85 m-/s o
0.96 m¥s. For each test. the return fan was controlled o maintain the tlow difference between
the supply and rewurn air ducts at 0.28 m*/s, The measured Now difference varied from approxi-
mately 0.17 m¥/s to 0.36 m~/s.

Exhaust airflow rates for the two test cases are plotted in Figure 9 first test case’ and Figure 10
isecond testease). [neach figure. the exhaust airflow rate for the tradinonal and new control sys-
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Figure 9. Field results for traditional and new control systems
10,=133ms 10 .57 m¥Ys and O, — @, = 0.17 m¥/s 10 0.36 ms)
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Figure 10. Field resuits for traditional and new control systems
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tems is plotted as a function of the control signal to the exhaust air damper. The curves in Figures -
% and 10 are sixth order potynomials that were fit to the field data using least-squares regression.
Note that the curves in Figures 9 and 10 appear to have the same shape as the curves presented in
Figure 6 for the simulation results and Figure 3 for the laboratory results. From Figure 9 it appears
that the traditional control system allows reverse airtlow and that the new control svstem prevents
reverse airflow. The airtlow direction indicator contirmed that when the ¢ xhaust air damper is less
than 30% open. air is drawn into the AHU with the traditional control systerm.,

The results in Figure 10 indicate that both control systems allow air o enter the AHU through
the exhaust air damper. although the problem s much less severe for the new control system
than the traditional control svstem. [t is imponant o note that the airtlow direction indicator ¢id
indicate reverse airflow with the traditional control svstem when the exhaust air damper was less
than 35% open: however. no reverse airflow was observed with the new control svstem. As
specutated for the laboratory results. the small negative airflow rates for the new control system
are probably attributed o difficulties obtaining accurate airflow measurements.

CONCLUSIONS

The objectives of this study were to describe the physical circumstances that lead to reverse
arrtlow through the exhaust air damper of VAV AHUs that use volume-matching control. and to
present a control solution that will substantiaily alleviate the potential for this behavior. Simula-
tion. laboratory, and field results presented in this paper demonstrate that air can enter an AHU
through the exhaust air damper for a traditional damper control system that links the positions of
the outdoor air damper. exhaust air damper, and recirculation air damper. Simulation results
reveal that reverse airflow through the exhaust air damper occurs as the outdoor and exhaust air
dampers are closed. and that the phenomenon becomes more pronounced as the volume match-
ing differential becomes a larger percentage of the supply airflow rate. In addition, simulation
results demonstrate that increasing the flow resistance through the recireulation air duct helps
prevent the reverse airflow problem.

The new control system links only the positions of the exhaust and recirculation air dampers
and was developed for AHUs that use a velume matching control strategy for the return fan. For
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the new control system. the outdoor air damper is tully open during occupicd tmes. Simulation.
laboratory. and tield results demonstrate that the new control system helps prevent air from
entering AHUs through the exhaust air outlet. However. the new controb system will not prevent
reverse airtlow for poorly designed AHUs operating under extreme conditions. For situations in
which reverse airflow occurs using the new control system, the problem will also occur and wiil
be more severe with the traditional control system. The new control system is easv to implement
and will reduce the range of conditions for which air can be drawn into the AHU through the
exhaust air damper.
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NOMENCLATURE
Ay area of exhaust air damper where Q.ctsmeu- O, total tresh wirflow rate accouning for How

sured into AHU through outdoor air damper and
A, area of outdeor air damper where 2,35 through exhaust air damper

measured O, recireulution airtlow rate
A, areaof rgmmlanon air damper where (2, 1s 0, supplv arrtlow rae

measure .

o . . Qe atrtlow rate entensng AHU throush outdoor

C., loss coetficient for a sudden contraction =

p : i A dd [ air damper
088 coeflicrent tor a sudden enlarrement | . . . .
< N Vo o velodity of air leaving AHU through exhaust

Cov loss coetficient for the exhaust air Jdamper :
d o A . air damper
Cyou 1033 coetlicient for the outdoor air damper . _ ) .
" . . . v velocity of air entering the AHU throueh
Cyre loSs coefficient for recirculation air damper o - = =

T outdoor air damper
C,,  miscellaneous loss coefficient between

return air plenum and mixed air plenum Ve velocity of air through recirculation air duct

Cy loss coefficient for a screen p air density

P suic pressure in return air plenum 8., fraction of fully open position of exhaust air

P2 static pressure in mixed air plenum dumper

P, atmospheric pressure B,, fracton of tuily open position of outdeor air

. rewum airflow rate damper

(,¢ airflow rate leaving AHU through exhaust 8,.  fraction of fullv open position of recircula-
atr damper tion air damper
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