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ABSTRACT 

Air static pressure set-point or schedule for VAV 
AHLJ systems is one of the most crucial 
operational parameters for satisfylug the building 
load, maintaining the room comfort level and 
saving energy costs. This paper presents a novel 
procedure and method, which can be applied to 
determine the optimal air static pressure set-point 
for VAV AHUs with both stand-alone 
controllers and DDC controllers. This procedure 
provides a simple, fast and a non-inmive way 
to obtain the optimal or improved operational 
schedules without interrupting normal operation 
of the systems and without detailed simulation. 
An application example is also presented in this 
paper. 

INTRODUCTION 
The air static pressure, normally refers to the air 
static pressure at 213 of the distance down stream 
fiom the air handing unit where the static 
pressure sensor is located. Air static pressure 
must be maintained at a certain level to force a 
suitable amount of air through the air 
distribution duct and other components, such as 
the damper, terminal boxes and diffusers. The 
air static pressure is normally maintained by 
modulating the VFD speed of the fan and in 
some cases by adjusting the inlet guide vanes in 
VAV systems. The controllers for the VFD as 
well as Inlet guide vanes are classified as two 
types: DDC control and stand-alone control. 
The set-point or schedule of air static pressure 
for VAV AHUs is one of the most crucial 
operational parameters for satisfying the building 
load, saving energy costs, improving room 
comfort level as well as the noise level in some 
cases. The impacts of the air static pressure set 
level on the W A C  system energy consumption 
and indoor conditions have been investigated 
[Liu, Zhu and Claridge, 1996; Warren and 
Norford, 19931. Implementation of the 
improved air static pressure set-points or 
schedules can greatly benefit the energy savings 

of the W A C  systems [Zhu, Liu and Claridge, 
1997; Rose and Kopko, 19941. The optimal set- 
point of air static pressure is often obtained 
either through the simulations, or by engineering 
experiences. However, these methods are either 
time consuming or they ignore real conditions of 
special systems. 

During building commissioning processes, the 
authors have developed a novel method which 
can determine the optimal air static pressure set- 
point without interrupting normal operation and 
with minimum field measurements. This paper 
presents the method and an application example. 

METHOD 
The key to this new method is to identi@ the 
basic fluid characteristics by combining 
fundamental theories and basic field 
measurements. 

The general method is presented in the following 
with the example of a dual duct dual fan AHU 
system shown in Figure 1. 

Figure 1. Diagram of the typical VAV box and 
duct of a dual duct dual fan AHU system 

The basic principle is that the optimal static 
pressure set-point SP, equals to the minimum 
required static pressure drop fiom the sensor 
location to the diffiser under the operational 
load ratio considering the real condition of the 
system. The basic equation is as follows: 
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where @,, is the minimum static pressure drop 
from the box to the room &*er under 
operational box load condition; @- is the 
minimum static pressure drop for the box 
damper under operational box load condition or 
under operational cold or hot duct flow 
condition; MdU, is the minimum duct static 
pressure drop from the static pressure sensor 
location of 1 or 2 to box damper 3 or 4 under 
operational zones load condition. 

For AHUs with DDC controllers, the optimal 
reset schedule can be reset according to the 
operational load ratio. 

For AHUs with stand-alone controllers, the 
optimal schedule may only have two values, one 
for summer weather, one for winter weather 
because the controller is often incapable of 
changing the set-point automatically. In order to 
satisfy the maximum cooling or heating load 
condition with a single optimal set-point, the 
optimal set-point must be obtained in two steps: 
obtain minimum required value under measured 
condition and calculate optimal set-point with 
assumption of the peak load condition. In 
normal cases, we assumed turbulent flow, when 
the optimal reset schedule is determined. 

The following discusses the method and 
equations for different kinds of AHUs with both 
stand-alone controller and centralized control 
systems. 

DD VA V AHU-Dual Fan with Stand-alone 
ControUer (DDDFVA VSC)  
Normally, the system has two static pressure 
sensors in the duct with two set-points. The 
VFD for hot deck and cold deck fans are 
controlled separately. Figure 1 is the typical 
diagram for DDVAV system. 

Step 1: Field Measurements and Inspections 
The method requires to measure the static 
pressures (PC & P, in the main duct; 
P~ d m ~ !  7 Ph. dpmpadPmpa and Pbox for the far-end box). 

The basic load rat10 of the far-end box and zones 
served by the unit need to be inspected or flow 
rate needs to be measured. 

Step 2: Summer Schedules: 
Determination of the optimal cold air static 
pressure set-point: 
From the basic field measured results and 
inspections, the optimal cold air static pressure 
set-point for an AHU is obtained using equation 
(2): 

1 
P,= Pbox [ 12 + @clamper 

P taxmeas 

where Pbox is the measured static pressure after 
box; AP- is the minimum required static 
pressure drop for the box cooling damper under 
peak cold air flow (normally 0.2 or 0.3"H20); 
PC - PC, -, is the measured static pressure drop 
from the cold air duct static pressure sensor 
location to the box damper location; P is 
the estimated cooling load ratio for the box (the 
area served by this box is under what level of 
cooling load condition) under measured 
condition and p ,,, is the cooling load ratio of 
the AHU under measured conditions. 
Determination of the optimal hot air static 
pressure set-point 
First, the minimum air flow rate of the AHU is 
calculated by equation (3): 

CFM- = A Q (3) 
where A is the conditioned area served by the 
unit, sq-ft; Q is often considered to be 0.3 or 0.4 
CFM/sq-ft to maintain suitable air circulation. 

If the CFM- is less than the measured cold air 
flow CFM,,, there is often no need to have hot 
air flow for comfort purposes. To reduce the hot 
air flow to the minimum, the hot air static 
pressure should prevent cold air from flowing 
back through the hot air duct and provide hot air 
in case it is needed in some areas. The minimum 
hot air static pressure set-point is determined 
using equation (4): 

1 

If the C K  is more than the measured cold air 
flow CFM,, for the AHU, the cold air 
temperature T,, should be checked first. VT,, 
can be increased to Tc, within the reasonable 
room RH level ( e.g. 57%), the CFM, will be : 
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If the CFM- is less than the cold air flow 
CFM, then the minimum hot air static pressure 
set-point is determined using equation (4). 

If the CFM- is still more than the cold air flow 
CFM,, , the hot air is needed at least for 
circulation purposes. The optimal hot air static 
pressure set-point for AHUs is then obtained 
using equation (5): 

1 
P k p  = Pbox [ l2 + ~ d a m p c r  

P boxmeas 

CFM - CFM 
min 

+ (Ph - Ph dunpcr)[ 
CFM 

12 

where Pbox [ 
1 l2 is the same as (2); 

P boxmeas 
APdamper is the minimum required static pressure 
drop for the box heating damper under full open 
condition (normally 0.2 or 0.3"H20); Ph - 
Ph, dmwr is the static pressure drop from the hot 
air duct static pressure sensor location to the box 
damper location under the measured conditions; 
CFM, and CFMh are the measured cold and hot 
air flow of the AHU. 

Step 3: Winter Schedules: 
Determination of the optimal cold air static 
pressure set-point: 

From the field measured results and inspections, 
the optimal cold air static pressure set-point is 
obtained using equation (6): 

where P,,, is the measured static pressure after 
box; AP- is the minimum required static 
pressure drop for the box cooling damper under 
peak cold air flow (normally 0.2 or 0.3"H20); PC 
- PC. is the static pressure drop from the 
cold air static pressure sensor location to the 
boxes damper location under measured 

conditions; p and p duct are the estimated 
cooling load ratios for the box and the zones 
served by this unit under the measured 
conditions; p , is the estimated maximum 
coohg  load ratio for the unit in the winter 
weather time. 

Determination of the optimal hot air static 
pressure set-point 

where Pbx [ 
1 

l2 is the same as (2); 
P boxmeas 

is the minimum required static pressure 
drop for the box heating damper under full open 
conditions (normally 0.2 or 0.3"H20); Ph - 
ph, d a m p  is the static pressure drop from the hot 
air duct static pressure sensor location to the box 
damper location under the measured conditions; 
p ,,, is the estimated heating load ratios for the 

zones served by this unit under the measured 
conditions. 

DDVAVAHU-Single Fan with Stand-alone 
Controller (DDVA V-SC) 
Normally, the system has two sensors located in 
the cold air and hot air ducts respectively. The 
minimum air static pressure is used to control the 
VFD. The VAV box and duct diagram caxi be 
seen in Figure 1. 

Step 1: Field Measurements and Inspections 
The method requires to measure the static 
pressures (PC , Ph at the main duct, PC, , 
P4 --and Pbx for the far-end box). The basic 
load ratro of the far-end box and zones served by 
the unit needs to be inspected or flow rate needs 
to be measured. 

Step 2: Summer Schedules: 
Based on the basic measured results, the summer 
air static pressure set-point is obtained using 
equation (2). 

Step 3: Winter Schedules: 
The initial static pressure set-point can be 
calculated by equation (6) and (7) first. The 
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winter set-point is then determined by equation 
(8): 

p = =P,,, PbsJ ( 8 )  

SDVA VAHU with Stand-alone ControZZer 
(SD VA V-SC) 
Figure 2 shows the diagram of the measured box 
and duct. 

Figure 2. Diagram of the duct and box for 
SDVAV system 

Step 1: Field Measurements and Inspections 
The method requires to measure the static 
pressure PC (at the sensor location 1, ); P-, 
and P, for the far-end box. The basic load 
ratio of the far-end box and zones served by the 
unit needs to be inspected or flow rate needs to 
be measured. 

Step 2: Summer and Winter Schedules: 
The static pressure set-points are determined by 
equation (2) and (6) for summer and winter 
respectively. 

DD VA V - Dual Fan AHU with DDC 
Controller (DDDFVA V-DDC) 
The DDC controller has the capability to reset 
the air static pressure schedules based on the 
building load conditions which include air flow 
rate of the unit, fan speed, VFD PID loop output 
and outside air dry bulb temperature. The 
optimal schedules for the system with DDC 
controller can also have the low and high limits. 

A DDDFVAV system has two static pressure 
sensors. The VFD for hot deck and cold deck 
fans are controlled separately. Figure 1 shows 
the diagram of the box and duct. 

Step 1: Field Measurements and Inspections 
The method requires to measure the static 
pressures (PC , Ph at the sensor location, 1 for 
cold and 2 for hot duct; PC, hm , Pb and 
Pbox for the far-end box). The load raho of the 
far-end box and zones served by the unit needs 

to be inspected or flow rate needs to be 
measured. 

Step 2: The air duct flow resistance coefficient 
S 
Take the cooling duct as an example. If the 
control system has the flow station CFM or has 
the VFD speed SPD or has the VFD PID loop 
output V, then the static pressure can be reset 
based on one of these factors. Assume the flow 
rate CFM,,,= can be measured by EMCS DDC 
system, then the S will be: 

Step 3: Determine the optimal air static 
pressure reset schedules SP,, 
If the EMCS monitored airflow CFM, then SPo, 
will be: 

SP,, = SP,, If SP,, < SP,, (10') 
SPop = SPhi If SPw > SPhi (10") 

The flow may be laminar flow when the flow 
rate is too low. So, the low limit SP,, has to be 
used. The high limit SPhi will prevent 
unnecessary pressurization in case failure of 
sensors. 

Ifthe EMCS does not monitor airflow CFM, but 
can record the fan speed SPD or VFD PID loop 
output V .  then SPop will be: 

Obtain S and SP, through (9), (lo), (10') and 
(10") by using SPD or V instead of CFM. 
Calculate 3 or 4 SP,, values through hand 
calculations within the value of SP,, and SPhi, . 
Then, the optimal reset schedules will be 3 or 4 
step values based on a range of SPD or V, but 
not a linear relation. 

Ifthe EMCS does not monitor airflow CFM, 
does not record the fan speed or VFD PID loop 
output V,  then SPop will be: 

Correlate the SP,,, SPhi with the outside air 
temperature. Linear equations may be used. 
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Since the cooling load increases whlle the 
heating load decreases as the outside air 
temperature increases. 

For step 2 and step 3, the hot air static pressure 
reset schedule can be determined by using the 
same procedure. 

Step 4: Determine SP,, and SPbi for the cold 
deck fan 
The highest limit SPhi of the static pressure is 
determined by equation (2). 

When the flow is low or laminar flow, the 
pressure drop changes linearly with the flow 
rate. Equation (10) may produce a unrealistic 
low static pressure set-point at low flow rate due 
to the assumption of turbulent flow. Therefore a 
low limit is needed. We suggest a low limit of 
0.3"H20. 

Step 5: Determine SP,, and S P ~  for the hot 
deck fan 
The highest limit SPbi of the static pressure is 
determined by equation (7). 

The lowest limit SPIo of the static pressure is 
suggested to be 0.3"H20. 

DD VA V - Single Fan M U  with DDC 
Controller (DDVA V-DDC) 
Figure 1 shows the diagram of the measured box 
and duct. 

Steps 1 to 3 are the same as DDDFVAV-DDC. 

Step 4: Determine SP,, and Spbi 
The highest limit SPhi of the static pressure is 
determined by equation (2). 

The lowest limit SPIo of the static pressure is 
suggested to be 0.3"H20. 

SD VA V AHU with DDC Controller (SD VA V- 
DDC) 
Figure 2 shows the diagram of the measured box 
and duct. 

Steps 1 to 4 are the same as DD VA V-DDC. 

Other Important Issues Related with New 
Optimal Reset Schedules or New Set-points 
We suggest to verify the pressure readings of 
EMCS sensors by using the hand meters. If the 

control system readings do not agree with the 
hand meter readings, repair or replacement 
should be performed. If a systematic bias exists, 
a " soft correction" may be used. After the new 
set-point or reset schedules have been 
implemented and enabled, fine tuning of the 
schedules may be needed. If comfort problems 
occur in some area, correct the problems by 
trouble shooting the individual box and flex duct 
or other flow components first, then consider 
fine tuning the new schedules. 

APPLICATION 
Building and HVACSystem Information 
The building is a four story university teaching 
building with approximately 141,000 sq-ft of 
conditioned area. Eight DDDFVAV AHUs 
serve this building. The AHUs only allow the 
return air to pass through the hot air duct, and 
mixed air to pass through the cold air duct. 
Stand-alone controllers are used to control the 
VFD of the cold deck, hot deck fans and deck 
temperatures. Figure 3 shows the diagram of the 
AHUs. Table 1 summarizes the AHU operation 
conditions before the commissioning. 
The cold air static pressure set-points varied 
from 0.8" H20 to 1.2" H,O and hot duct static 
pressure set-points varied from 0.43"H20 to 0.8" 
H20 for different AHUs during the site visit. 
The cold deck ranged from 52°F to 58OF and hot 
deck ranged from 76°F to 80°F based on 
measured results. 

Optimal Control Schedules 
From the measured results, an analysis identified 
the following opportunities: 

(1) Reduce the hot air flow to the building in 
the summer time by optimizing hot duct 
static pressure set-points. 

(2) Optimize the cold duct static pressure set- 
points. 

(3) Optimize the coldlhot deck temperature 
set-points. 

Summer Schedules 
Based on the measured results, it was found that 
CFM,,,, was less than the measured cold air flow 
for all the AHUs. The optimal air static pressure 
set-points were determined by equations (2) and 
(4). 
Winter Schedules 
Using equations (6)  and (7), the cold and hot 
duct air static pressure set-points under winter 
weather conditions were obtained. 
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Table 1 : Summary of the AHU Operations before Commissioning (Toa: 8S°F to 94°F) 

approximately 213 of the length of the main duct from the AHUs. 

4 s  
Ave. 

RA SF CC 
SP 

I 1 , I 

2 4 
VFD 

5 

AHU 

1 N 

Figure 3. Diagram of the AHUs 

Mixed 
Air (OF) 
77.5 

*: Readings where the static pressure was measured by the duct static pressure sensor located 

75.9 
77.5 

Table 2 summarizes the optimal set-points for 
AHUS. 

CD 
("F) 
56.8 

Measured Results 
The commissioning suggestions for both static 
pressure set-points and coldhot deck 
temperature set-points were implemented on 
June, 1997. 

HD 
("F) 
80.3 

RA 
(OF) 
73.7 

55.7 
55.3 

Before the implementation of optimal schedules, 
the average room temperatures varied from 
70.2"F to 72.7OF with relative humidity levels 
ranging from 55% to 62.3%. After the 
implementation, the room temperatures are in a 
range of 70.6"F to 73.1°F with relative humidity 
levels ranging from 55% to 59.8%. 

During the summer vacation period, the 
electricity consumption was reduced by an 

PC* 
(Static) 
0.85" 

74.9 
75.8 

average of about 10 kWh1h.r or 20% of the fans 
and pumps electricity usage, the cooling and 
heating energy consumption were also reduced 
by an average of about 0.2 & 0.3 MMBtulhr. 

During the fall semester with full scale of 
occupancy, the electricity consumption was 
reduced by an average of about 7 kWh/hr or 
15% of fan and pumps electricity usage, the 
cooling and heating energy consumption were 
also reduced by an average of about 0.15 & 0.3 
MMBtuIhr. The annual estimated energy cost 
savings will be over $15,000 based on the 
energy prices of $O.O3483/kWh for electricity, 
$3.25/MMBtu for chilled water and 
$3.45/MMBtu for steam. Figures 4 to 9 show 
the energy consumption reduction through the 
commissioning. 

Ph* 
(Static) 
0.6" 

77.3 
78.2 

CD 
VFD% 
60 

1.0" 
0.98" 

HD 
VFD% 
4 1 

0.45" 
0.6" 

RF 
VFD% 
3 8 

40.6 
62 

43 
57 

39 
3 0 
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Table 2-2. Summary of the Optimal Set-points for AHU-IS 
1 1tem 1 CD Fan I HD Fan I CD Temp. 1 HD Temp. I 

Table 2-1. Summary of the Optimal Set-points for All AHUs except AHU-IS 

, , . , 
57 1 Shut off heating coils 
5 8 1 89 @<30 of OAT, 72 @ >65 

Summer 
Winter 

I OAT 
Note: A hot spot in one room for AHU-1s is due to higher heat gain through the roof in summer. If the 

CD Temp. 
CDT ("F) 
57 
5 8 

HD Fan 
HDPb("H20) 
0.2 
0.4 

I 1tem 

Summer 
Winter 

insulated ceiling is added, the set-point will be the same as the others. 

I-ID Temp. 
HDT (OF) 
Shut off heating coils 
89 @<30 of OAT, 72 @ >65 
OAT 

CD Fan 
CDP, ("H20) 
0.6 
0.4 

CDP, ("H20) 
1.2 
0.4 

1 I 

Figure 4. Comparison of daily average electricity 

HDPh ("H20) 
0.2 
0.4 

c&umption bf fans & pump before and afte; 
commissioning during the summer vacation 

period 

a r-m 

Figure 5. Comparison of daily average electricity 
consumption of fans & pumps before and after 

commissioning during the fall semester 

1 

Figure 6. Comparison of daily average chilled 
water consumption before and after 

commissioning during the summer vacation 
period 

1 

Figure 7. Comparison of daily average chilled 
water consumption before and after commissioning 

during the fall semester period 
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~ m n ~ s m m m n m u m  

anrmpnnm 

Figure 8. Comparison of daily average steam 
consumption before and after commissioning 

during the summer vacation period 

I 

Figure 9. Comparison of daily average steam 
consumption before and after commissioning 

during the fall semester period 

CONCLUSION 
A novel procedure for optimizing the air static 
pressure set-points of VAV AHUs has been 
developed. It is a non-intrusive method to obtain 
the optimal or improved air static pressure set- 
points. It also needs minimum measurement 
due to combining the minimum measurements 
with EMCS data. This procedure considers the 
real operational condition of the systems and 
eliminates the detailed simulation for this 
purpose. It can be used by commissioning 
engineers and facility engineers. 

ACKNOWLEDGMENTS 
The authors wish to express their gratitude to the 
Physical Plant of the University of Texas-Austin 
for the building commissioning project, a special 
thanks for the cooperation from Donald W. 
Ayers, Larry and James Wolske and other 
personnel from their energy office and operators. 

REFERENCE 

M. Liu, Y. Zhu, D. E. Claridge, Ed. White, 1996, 
Impacts of Static Pressure Set Level on the 
HVAC Energy Consumption and Indoor 
Conditions, Proceedings of Symposium on 
Improving Building Systems in Hot and Humid 
Climates, Fort Worth, Texas. 

Y. Zhu, M. Liu, D. E. Claridge, D. Feary, T. 
Smith, 1997, A Continuous Commissioning Case 
Study of A State-of-the-Art Building, Proceedings 
of 5th National Conference on Building 
Commissioning, Huntington Beach, California. 

D. E. Claridge, M. Liu, Y. Zhu, M. Abbas, A. 
Athar, J. Haberl, 1996, Implementation of 
Continuous Commissioning in the Texas 
LoanSTAR Program: "Can You Achieve 150% 
of Estimated Retrofit Savings " Revisited, 
Proceedings of ACEEE, Vol4, pp 4.59 - 4.67. 

ESL, 1997, UT Austin Building Commissioning 
Report, ESL-TR-97-09/02, Internal Report of the 
Energy Systems Laboratory, Texas A&M 
University, Texas. 

M. Liu, Y. Zhu, D. E. Claridge, 1995, Potential 
OMSavings  by Eliminating Excessive Air 
Flow in Clinical Science Building at UTMB, 
Internal Report of the Energy Systems 
Laboratory, Texas A&M University, Texas. 

M. Liu, A. Athar, Y. Zhu, D. E. Claridge, 1995, 
Reduce Building Energy Consumption by 
Improving Supply Air Temperature Schedule and 
Recommissioning the Terminal Boxes, ESL-TR- 
95/01-04, Internal Report of the Energy Systems 
Laboratory, Texas A&M University, Texas. 

Rose J. R., and W. L. Kopko, 1994, A Novel 
Method for Reseting Duct Static Pressure for 
Variable Air Volume Systems, Proceedings of 
ACEEE, Vol5, pp. 2 19-223. 

Warren M., and L. K. Norford, 1993, 
Integrating VA V Zone Requirements with Supply 
Fan Operation. ASHRAE Journal, Atlanta, GAY 
pp. 43-46. 

M. Liu, Y. Zhu, D. E. Claridge, 1996, Use of 
EMCS Recorded Data to ldentijj Potential 
Savings Due to Improved HVAC Operation & 
Maintenance ( O M ) ,  Proceedings of 
Symposium on Improving Building Systems in 
Hot and Humid Climates, Fort Worth, Texas. 

ESL-HH-98-06-29

Proceedings of the Eleventh Symposium on Improving Building Systems in Hot and Humid Climates, Fort  Worth, TX, June 1-2, 1998




