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USACERL HVAC TEST FACILITY

The Problem


The Army’s annual utilities cost for energy is over $1 billion.  A major contributor to this energy consumption is building heating, ventilating, and air-conditioning (HVAC) systems, a large percentage of which are inefficient.  The various components and diverse applications for the systems allow for many areas in which problems can occur.  In order to study the areas in need of improvement, researchers require a controlled environment.

The Technology

The U.S. Army Construction Engineering Research Laboratories (USACERL) HVAC Test Facility can be configured to replicate a variety of HVAC system types including single- or dual-duct and variable air volume (VAV) or constant volume.  It has six distinct sections: 1) air distribution, 2) hot water distribution, 3) chilled water distribution, 4) zones, 5) HVAC controls, and 6) data acquisition.


The air distribution system has a primary air intake with a mixed air section consisting of mechanically linked outdoor and return air dampers and a separately actuated exhaust damper.  The supply fan feeds a single or dual-duct air system 9as dictated by the particular system configuration being used).  The return air duct is arranged such that the return fan can be used or by-passed.  Both the supply and return fans are modulated by variable speed drive units.  A separate ventilation system contains an outdoor environment simulator (OES) consisting of heating and cooling coils, which permit conditioning of outdoor air to establish desired test conditions.  Airflow measurement stations are installed in each primary and branch duct.  


The hot water distribution system is fed by two combustion pulse boilers and the chilled water distribution systems is fed by a reciprocating compressor chiller.  The hot water and chilled water systems are separately piped and provide conditioned water to the test facility hot deck and cold deck coils and to the zone coils.


The test facility has four separate rooms or zones.  Each zone is identical in size (10’ x 10’ x 15’ high), and is equipped with heating and cooling fan coil units to impose or offset loads.  The zone terminal units consist of VAV boxes with reheat.  These boxes can be configured to operate in single- or dual-duct mode, constant or variable air volume, and with or without reheat.  
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The facility consists of state-of-the-art digital controllers used to provide closed-loop proportional, integral, derivative (PID) control of all processes.  Other facility interfaces and controls allow for disconnection of facility components and interface with all valves and dampers in the system.


A Hewlett Packard Data Acquisition System receives, records and analyzes signals from the extensively instrumented test facility.  Temperature, pressure, and flow data can be compiled, printed and graphed from this system using software tailored specific to the USACERL HVAV test facility.

Benefit/Savings


The HVAC test facility permits researchers to investigate HVAC system and component efficiency improvements and improvements in HVAC control strategies.  An example of a successful project developed using the system is the Building Loads Analysis System Thermodynamics Program (BLAST), which allows the user to perform an energy analysis for a building early in the design stage.

Status


The HVAC test facility is used on a continuing basis to aid in the improvement of the Army Corps of Engineers HVAC systems and controls.  Most recently the test facility has been used to investigate the performance of a Corps of Engineers standard digital control panel, and to identify improved return fan VAV system control techniques.

Point of Contact

USACERL POCs are:

David Schwenk, COMM 217-373-7241, email d-schwenk@cecer.army.mil
Kevin Seversen COMM 217-352-6511, ext 7665, email kevin.seversen@erdc.usace.army.mil
Both can be reached at:

1-800-USACERL

FAX 217-373-6740

US ARMY ENGINEER RESEARCH AND DEVELOMENT CENTER

Construction Engineering Research Laboratory

ATTN: CF-E

P.O. Box 9005

Champaign, IL 61826-9005
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EQUIPMENT SCHEDULE - PRESSURE/FLOW DEVICESPRIVATE 
(For Instrumentation Schematic - USACERL HVAC Test Facility)

  Device   
         Description               

          Range               
      Part #             
TRANSDUCERS:
DPT-Vdtp
Supply Fan Static



0.0 to 2.5 "WG,  0-5  VDC
Setra 264

RPM-SRPM
Supply fan RPM



0.0 to 2000 rpm, 0-5  VDC
Electro-sensors

DPT‑Vsp    
Supply Duct Static



0.0 to 2.5 "WG, 0‑5 VDC

Setra 264

Flow-CDAF
Cold Deck Air Flow Probe


0.0 to 1000 fpm, 4-20 mA
Ebtron 3132








0.0 to 6110 cfm

Flow-OAAF1
OA flow
OES



0.0 to 2000 fpm, 0-5  VDC
Ebtron 3132

0.0 to 6000 cfm

Flow-OAAF2
Not OES




0.0  to 1000 fpm, 4-20 mA
Ebtron 3132








0.0  to 6000 cfm

DPT-Vha
Hot Deck venturi



0.0 to 2.5 "WG,  0-5  VDC
Setra 264

DPT-VVZ2
Zone 2 VAV Box diff press


0.0 to 1.0 "WG,  4-20 mA
Setra C-264

DPT-RFST
Return Fan Static



0.0 to 4.0 "WG,  4-20 mA
Triad LDPT-201-040

RPM-RRPM
Return fan RPM



0.0 to 2000 rpm, 4-20 mA
Electro-sensors

Flow-RFPV
Return Duct Air Flow Probe


0.0 to 1000 fpm, 4-20 mA
Ebtron 3132








0.0 to 6670 cfm

DPT-Comp
Comp damper/RA duct diff press

0.0 to 3.0 "WG,  4-20 mA
Triad LDPT-201-030

DPT-Va1
Zone 1 venturi



0.0 to 2.5 "WG,  0-5  VDC
Setra 264

DPT-Va2
Zone 2 venturi



0.0 to 2.5 "WG,  0-5  VDC
Setra 264

DPT-Va3
Zone 3 venturi



0.0 to 2.5 "WG,  0-5  VDC
Setra 264

DPT-Va4
Zone 4 venturi



0.0 to 2.5 "WG,  0-5  VDC
Setra 264

DPT-StZ1
Zone 1 static



-0.5 to 0.5 "WG, 4-20 mA
Triad LDPT-201-005B

DPT-StZ2
Zone 2 static



-0.5 to 0.5 "WG, 4-20 mA
Triad LDPT-201-005B

DPT-StZ3
Zone 3 static



-0.5 to 0.5 "WG, 4-20 mA
Triad LDPT-201-005B

DPT-StZ4
Zone 4 static



-0.5 to 0.5 "WG, 4-20 mA
Triad LDPT-201-005B

DPT-EXdp
Exhaust damper diff. press.


-0.1 to 0.1 "WG, 4-20 mA
Setra C264

DPT-RAdp
Ret Air damper diff. press.


0.0 to 0.5 "WG,  4-20 mA
Setra C264

DPT-OAdp
Outdoor Air damper diff. press.

0.0 to 0.1 "WG,  4-20 mA
Setra C264

MANOMETERS:
MAN-Vdtp
Supply Fan Static



0.0 to 10  "WG, res = .1"
Dwyer

MAN-Vha
Hot Deck venturi



-.2 to 2.0 "WG, res = .01"
Dwyer

MAN-VVZ2
Zone 2 VAV Box diff. press.


0.0 to 1.0 "WG, res = .01"
Dwyer

MAN-XXX
Supply Duct Static (Z1,Z2 branch)

-.2 to 3.0 "WG, res = .02"
Dwyer

MAN-XXX
Supply Duct Pressure drop 


0.0 to 3.0 "WG, res = .02"
Dwyer

MAN-RFST
Return Fan Static



0.0 to 4.5 "WG, res = .1"
Dwyer

MAN-Rdsp
Return Duct Static (at fan)


0.0 to 2.0 "WG, res = .01"
Dwyer

MAN-Comp
Comp damper/RA duct diff. press.

0.0 to 3.0 "WG, res = .02"
Dwyer

MAN-Va1
Zone 1 venturi



-.2 to 3.0 "WG, res = .02"
Dwyer

MAN-Va2
Zone 2 venturi



-.2 to 3.0 "WG, res = .02"
Dwyer

MAN-Va3
Zone 3 venturi



-.2 to 3.0 "WG, res = .02"
Dwyer

MAN-Va4
Zone 4 venturi



-.2 to 3.0 "WG, res = .02"
Dwyer

MAN-StZ1
Zone 1 static



-.01 to 1.0 "WG, res = .01"
Dwyer

MAN-StZ2
Zone 2 static



-.01 to 1.0 "WG, res = .01"
Dwyer

MAN-StZ3
Zone 3 static



-.01 to 1.0 "WG, res = .01"
Dwyer

MAN-StZ4
Zone 4 static



-.01 to 1.0 "WG, res = .01"
Dwyer

HOOK GAGE (only one gage for all devices):

0.0 to 2.0 "WG, res= .001"
Dwyer

EXdp

Exhaust damper differential pressure

RAdp

Ret Air damper differential pressure

OAdp

Outdoor Air damper differential pressure

N/A

Zone 2 static to RF inlet
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