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Executive Summary 
This summarizes the results of an engineering study undertaken to compare the energy impact of 
using small versus large variable air volume (VAV) control zones, and the relative performance of 
Acutherm’s low pressure variable air volume diffuser (Therma-Fuser) versus that of a medium 
pressure terminal VAV box (0.4 in. w.g. total pressure drop when sized for approximately 3:1 one, or 
25% design flow, minimum turndown).   

The energy model was built using VisualDOE and analyzed by the DOE2.1E engine to represent a 
typical 8 story, 154,000 square foot building. Schedules were set that simulate 15% of private offices 
being unoccupied on any given day.  

Overall, the Therma-Fuser system saved between 15% and 47% (depending on climate zone) of the 
annual HVAC energy costs of the VAV box system. The greatest savings were in climates where 
significant reheat is required. See the table below. 

Use of smaller VAV zones (individual temperature control) reduced the energy requirement of the 

building regardless of the VAV device used (between 1% and 15% savings) due to reduced overall 
airflow and overcooling. The area of private offices is 27% of the total area of the building modeled. 
Savings are expected to be larger for buildings with more private offices and with higher rates of 
unoccupied private offices. 

Use of the Therma-Fuser system offers energy savings across climate zones, primarily due to the 
following characteristics: 
 

1. Lower minimum turndown capability (between 10% and 28% savings). The typical VAV box can 
turn down to 25% of the design airflow; better VAV box turndown is possible but at the cost of higher 
pressure drop or poorer resolution control approaches not supported by many VAV box manufacturers. 
The Therma-Fuser diffuser control approach allows controlled turndown to the minimum ventilation 
requirement of the space, reducing the need for reheat. 
 

2. Lower pressure drop (between 2% and 7% savings). The Therma-Fuser system eliminates the use 
of a pressure-differential flow meter and damper as typically used in VAV boxes, reducing the fan 
pressure required for operation. Also, elimination of the VAV box often simplifies duct layout and 
recommended operating pressures are significantly lower for Therma-Fuser diffusers than VAV boxes. 
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Summary Table of Results 

Annual Energy Savings $ and % of Therma-Fuser System vs. VAV Box System 
Weather File Chicago Los Angeles Philadelphia San Antonio Seattle 
Small Zones 
Versus Large 

Zones 
$1,055 1% $8,039 15% $2,538 3% $7,196 11% $567 1% 

Lower Minimum 
Turndown Ratio 

$7,952 10% $13,395 25% $15,269 16% $12,350 18% $16,822 28% 

Lower Total 
System 

Pressure Drop 
(1.2” in w.g. 
Reduction) 

$2,293 3% $4,053 7% $2,315 2% $3,843 6% $1,297 2% 

Total Savings $11,301 15% $25,488 47% $20,124 21% $23,390 34% $18,686 31% 

 
The results show savings across the board for smaller zones, lower minimum turndown ratios, and 
lower pressure drop systems – all features of a Therma-Fuser diffuser system. 

 



Rumsey Engineers, Inc. Therma-Fuser Energy Modeling, Page 5  2.26.2007 

 
 

Methodology 
This engineering study was undertaken to compare the energy impact of using small versus large 
variable air volume (VAV) control zones, and the relative performance of Acutherm’s low pressure 
variable air volume diffuser (Therma-Fuser™) versus that of a medium pressure terminal VAV box 
(0.4 in. w.g. total pressure drop when sized for approximately 3:1 one, or 25% design flow, minimum 
turndown).   

 
The energy model was built using VisualDOE and analyzed by the DOE2.1E engine and represents a 
typical 8 story, 154,000 square foot building.  Each floor was modeled as having a gross square 
footage of 19,200 with 5,200 square feet of private offices. The balance of the space was circulation 
hallways, open office, and a core service area containing restrooms, a breakroom, elevators, stairs 
and storage. Schedules were set that simulate 15% of offices being unoccupied on any given day. 
Results indicate energy savings are accrued by the Therma-Fuser system from higher turndown 

reducing reheat requirements, smaller VAV control zones reducing overall airflow and overcooling, and 
lower pressure drop fan systems. 
 
The DOE2 building model models one floor in detail and uses a multiplier of 8 to simulate an 8 story 
building. Each floor is served by a single dedicated air handler with a 55°F supply air temperature, 
VFD drive, and an economizer when required by ASHRAE 90.1 – 2004 (Philadelphia and San Antonio 
climate zones do not have economizers). A single water-cooled chilled water plant serves the entire 

building. The drawing on the next page shows the typical floor layout used for the modeling. For the 
small zone model, each enclosed office was modeled as an individual zone, while open office areas 
were treated as one or two zones. The larger zone model combines 3 to 4 offices into a single zone 
that share a common exposure (North, South, East, West) and are served by a single VAV box.  
 
Figure 1 shows the typical floor layout for the modeling; each room was given a zone for the small 

zone model.  Figure 2 shows the zoning layout for the large zone VAV modeling; each zone was given 
a VAV box. 

 

Fig. 1 Typical Floor Layout 
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Fig. 2 Zoning for Large Zone Model 

 

Schedules were set to simulate one unoccupied office per large VAV zone. Open office areas were 
modeled as a single zone that shared a single schedule. The same schedule profile was used for 
occupied offices every model: Loading up between 8-9am, loads drop for an hour at lunch, and then 
tail off for the evening at 5pm. To account for unoccupied offices in the large zone model, where a 
portion of a large zone could not be given an unique unoccupied schedule based on area, the overall 
lighting power density, equipment power density and occupant density were adjusted on an area-

averaged basis to ensure that the total plug, lighting, and occupant loads were kept equal between all 
cases. 
 
Five basic configurations were modeled: 
 
Model A: A standard VAV box system with typical zones (large zone VAV modeling): The grouping 
together of offices onto a single VAV box represents how typical VAV systems are structured and 

modeled. The implicit assumption in this model is that all the spaces have identical schedules and the 
loads are all averaged equally – no single office in the zone is modeled as being at a different 
temperature or receiving a different portion of air than another. To allow this model to be comparable 
to the small zone models, the plug, lighting and occupant loads of any offices assigned the unoccupied 
scheduling in the small zone model were averaged on an air basis with the other spaces in the zone.   
 
Model B: A standard VAV box (0.40 in w.g. box pressure drop, 25% minimum flow setting) serving 

small zones (one per office).  
 
Model C: A Therma-Fuser system (minimum flow setting equal to ventilation minimum flow) with the 
same overall pressure drop as the standard VAV system, such as using a standard VAV system design 
and boxes as pressure control stations, with Therma-Fuser diffusers used to create individual zones.  
 

Model D: A Therma-Fuser system (minimum flow setting equal to ventilation minimum flow) without 
the use of a pressure-differential airflow meter and damper as typically used in pressure independent 
VAV boxes (no box pressure drop). 
 
Model E: A Therma-Fuser system (minimum flow setting equal to ventilation minimum flow) designed 
to overall lower pressure drop principles and no variable air volume control dampers or boxes other 
than the Therma-Fuser diffuser itself for a net total system pressure drop of 1.8 in w.g. (versus 3.0 in 

w.g. in the standard VAV box system).  
 
 
The five models were then compared to isolate specific sources of energy savings: 
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Model A minus Model B: The primary difference is the smaller zones (individual temperature 
control).  Energy savings are a result of the reduced air flow and reduced overcooling and reheat. 
 
Model B minus Model C: The primary difference is the ventilation minimum flow of the Therma-

Fuser diffuser vs. the 25% minimum flow of the box.  Energy savings are a result of reduced 
reheat. 
 
Model C minus Model D: The primary difference is the elimination of the pressure drop over the 
box.  Energy savings are a result of lower required fan pressure. 
 
Model D minus Model E: The primary difference is a lower total system pressure.  Energy savings 

are a result of lower required fan pressure. 
 
Model A minus Model E: Is the energy savings which is the combination of the measures above. 

 
 
See Appendix A for a comparative table of results 
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Results 

Results indicate that the use of smaller VAV zones reduced the energy requirement of the building 
regardless of the VAV device used. Smaller zones showed lower overall airflow demand and reduced 
overcooling, resulting in reduced energy usage.  Use of the Therma-Fuser system, an inherently small-
zone approach, appears to offer additional energy savings across climate zones, primarily due to the 
following characteristics: 

 
1. Lower minimum turndown capability. The typical VAV box can turn down to 25% of the design 
airflow; better VAV box turndown is possible but at the cost of higher pressure drop or poorer 
resolution control and is not supported by some VAV box manufacturers. The Therma-Fuser integral 
control approach allows controlled turndown to the minimum ventilation requirement of the space, 
reducing the need for reheat. 
 

2. Lower pressure drop. The Therma-Fuser system eliminates the use of a pressure-differential based 
flow meter and damper (as typically used in VAV boxes), reducing the fan pressure required for 
operation. Manufacturer recommended design is an inherently lower pressure drop system. 
 
The results showed savings across the board for a low pressure drop Therma-Fuser system with the 
greatest savings in climates where significant reheat is required. 
 

The following tables summarize the modeling results. The key differences are as follows: 
 
1. Column B has smaller zones, resulting in greater resolution of control versus the large zoned 

results in column A. 
 

2. Column B has a higher total fan system pressure drop than columns D and E, resulting in higher 

fan power. 
 

3. Column B has a higher minimum allowable flow than columns C, D and E, where the minimum 
flow is equal to the ventilation airflow requirement; this results in higher reheat and energy costs. 
 

4. Column B has a higher total airflow than column C, D and E systems due to the higher turndown.  
However, due to the square relationship between flow and fan power this has a negligible impact 

on total power and, in some cases, is masked by control granularity in the model.  As modeled the 
lower turndown Therma-Fuser diffuser cases do not overcool rooms, so when a room is modeled 
as swinging from reheat to cooling the Therma-Fuser diffuser cases are modeled as requiring a 
small amount of additional airflow (and fan power) for that hour. 
 

5. Columns A and B both have higher minimum flow ratios than columns C, D and E resulting in 
higher heating and cooling energy consumption due to reheat loads. The magnitude of reheat 

costs is driven by the number of unoccupied offices. A building with a higher percentage of 
unoccupied offices would be expected to show a greater heating and cooling savings difference 
between these cases due to further reheat avoidance. 

 
Five different geographical locations, each with a different climate were modeled.  Overall, the 
Therma-Fuser system resulted in significant savings over the annual HVAC energy cost of the VAV box 

system in each climate.  Two of the zones, Los Angeles and San Antonio, have warmer winters and 
are not heating climates.  These two climates produced substantial cooling energy savings, particularly 
through reduced reheat in this system configuration, and resulted in the greatest total energy savings.  
The other three zones, Chicago, Philadelphia and Seattle, have cooler winters with greater economizer 
operation requiring heating which reduced overall re-heat costs and therefore savings.  Seattle 
appears to have larger moderate ‘shoulder season’ conditions that require reheat during non-
economizer operation resulting in more total energy savings than Chicago, which has shorter shoulder 

season conditions. 
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Table: Results for Chicago     

      Model 

   A B C D E 

1   

1 VAV Box 
per 3-4 
Offices 

(25% min 

allowable 
flow) 

1 VAV Box 
per Office 
(25% 

minimum 

allowable 
flow) 

1 Therma-
Fuser 

Diffuser per 
Office- Same 

Pressure 
System 

1 Therma-
Fuser 

Diffuser per 
Office- Low 

Pressure 
System 

1 Therma-
Fuser Diffuser 
per Office- 
Lowest 

Pressure 
System 

2 
hp 

Required 179 180 180 156 108 

3 Fan 
Energy, 
kWh 75156 68484 68902 59727 41361 

4 Cooling 
Energy, 
kWh 205295 184553 164333 163596 162137 

5 Heating 
Energy, 

Therms 53566 55021 48660 48791 49055 

6 
Electricity, 

kWh 280451 253037 233235 223323 203498 

7 $* 65,415 64,039 57,486 56,692 55,106 

8 

Total 
HVAC $ % of A6 100% 98% 88% 87% 84% 

9 
Electricity, 

kWh 1226802 1199396 1179595 1169682 1149858 

10 $* 151,157 149,788 143,235 142,441 140,855 

11 

Total 
Building $ % of A9 100% 99% 95% 94% 93% 

*   I nc lud es   c os t  of  natural  g as   for  heating   and   reheat  ( $ 0 .09 / kWh,  $0 .97 / therm Energy Information Administration) 
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 Table: Results for Los Angeles     

      Model 

   A B C D E 

1   

1 VAV Box 
per 3-4 
Offices 

(25% min 

allowable 
flow) 

1 VAV Box 
per Office 
(25% 

minimum 

allowable 
flow) 

1 Therma-
Fuser Diffuser 
per Office- 
Same 

Pressure 
System 

1 Therma-
Fuser 

Diffuser per 
Office- Low 

Pressure 
System 

1 Therma-
Fuser Diffuser 
per Office- 
Lowest 

Pressure 
System 

2 
hp 

Required 176 177 177 153 106 

3 Fan 
Energy, 
kWh 68867 63156 63475 55007 38079 

4 Cooling 
Energy, 
kWh 237517 191733 161309 160083 157621 

5 Heating 
Energy, 
Therms 12840 11928 1839 1846 1859 

6 
Electricity, 

kWh 306384 254889 224784 215090 195700 

7 $* 37204.56 31886.01 21609.81 20742.6 19007.25 

8 

Total 
HVAC $ % of A6 100% 86% 58% 56% 51% 

9 
Electricity, 

kWh 1252737 1201248 1171143 1161449 1142058 

10 $* 122829 117510 107233 106366 104631 

11 

Total 
Building $ % of A9 100% 96% 87% 87% 85% 

*   I nc lud es   c os t  of  natural  g as   for  heating   and   reheat  ( $ 0 .14 / kWh,  $0 ..91/therm Energy Information Administration) 
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Table: Results for Philadelphia     

      Model 

   A B C D E 

1   

1 VAV Box 
per 3-4 
Offices 

(25% min 

allowable 
flow) 

1 VAV Box 
per Office 
(25% 

minimum 

allowable 
flow) 

1 Therma-
Fuser Diffuser 
per Office- 
Same 

Pressure 
System 

1 Therma-
Fuser 

Diffuser per 
Office- Low 

Pressure 
System 

1 Therma-
Fuser Diffuser 
per Office- 
Lowest 

Pressure 
System 

2 
hp 

Required 176 177 177 153 106 

3 Fan 
Energy, 
kWh 76263 67876 67990 58933 40807 

4 Cooling 
Energy, 
kWh 305245 270984 199861 198765 196619 

5 Heating 
Energy, 
Therms 43094 44036 37602 37707 37908 

6 
Electricity, 

kWh 381508 338860 267851 257698 237426 

7 $* 66656.22 63524.4 52308.09 51473.07 49799.34 

8 

Total 
HVAC $ % of A6 100% 95% 78% 77% 75% 

9 
Electricity, 

kWh 1327858 1285219 1214210 1204057 1183786 

10 $* 152366 149233 138017 137180 135508 

11 

Total 
Building $ % of A9 100% 98% 91% 90% 89% 

*   I nc lud es   c os t  of  natural  g as   for  heating   and   reheat  ( $ 0 .09 / kWh,  $1.38 / therm Energy Information Administration)     
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Table: Results for San Antonio     

      Model 

   A B C D E 

1   

1 VAV Box 
per 3-4 
Offices 

(25% min 

allowable 
flow) 

1 VAV Box 
per Office 
(25% 

minimum 

allowable 
flow) 

1 Therma-
Fuser Diffuser 
per Office- 
Same 

Pressure 
System 

1 Therma-
Fuser 

Diffuser per 
Office- Low 

Pressure 
System 

1 Therma-
Fuser Diffuser 
per Office- 
Lowest 

Pressure 
System 

2 
hp 

Required 179 180 180 156 108 

3 Fan 
Energy, 
kWh 105796 82701 81147 70309 48650 

4 Cooling 
Energy, 
kWh 460937 415296 351013 348834 344489 

5 Heating 
Energy, 
Therms 11837 11504 5559 5578 5619 

6 
Electricity, 

kWh 566733 497997 432160 419143 393139 

7 $* 59883.72 53447.73 43063.65 41906.37 39596.76 

8 

Total 
HVAC $ % of A6 100% 89% 72% 70% 66% 

9 
Electricity, 

kWh 1513084 1444357 1378519 1365502 1339498 

10 $* 145455 139018 128634 127477 125167 

11 

Total 
Building $ % of A9 100% 96% 88% 88% 86% 

*   I nc lud es   c os t  of  natural  g as   for  heating   and   reheat ($0.10/kWh, $0.97/therm Energy Information Administration) 
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Table: Results for Seattle     

      Model 

   A B C D E 

1   

1 VAV Box 
per 3-4 
Offices 

(25% min 

allowable 
flow) 

1 VAV Box 
per Office 
(25% 

minimum 

allowable 
flow) 

1 Therma-
Fuser Diffuser 
per Office- 
Same 

Pressure 
System 

1 Therma-
Fuser 

Diffuser per 
Office- Low 

Pressure 
System 

1 Therma-
Fuser Diffuser 
per Office- 
Lowest 

Pressure 
System 

2 
hp 

Required 174 175 175 152 105 

3 Fan 
Energy, 
kWh 64107 62721 62778 54414 37673 

4 Cooling 
Energy, 
kWh 114328 100630 82636 82012 80760 

5 Heating 
Energy, 
Therms 42190 42474 29242 29331 29512 

6 
Electricity, 

kWh 178435 163351 145414 136426 118433 

7 $* 47701.65 46557.1 35018.76 34276.59 32792.97 

8 

Total 
HVAC $ % of A6 100% 98% 73% 72% 69% 

9 
Electricity, 

kWh 1124786 1109710 1091773 1082785 1064792 

10 $* 133427 132282 120743 120001 118518 

11 

Total 
Building $ % of A9 100% 99% 90% 90% 89% 

*   I nc lud es   c os t  of  natural  g as   for  heating   and   reheat  ( $ 0 .06/kWh,  $1.19/therm Energy Information Administration) 
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Notes: Comparative Table of Results Interpretations 

 
Smaller VAV Zones (or Individual Temperature Control and Occupancy Diversity) was modeled by 
comparing one VAV terminal for 3-4 rooms vs. one VAV terminal for each room.  One VAV terminal for 

3-4 rooms is typical of a VAV box system and a Therma-Fuser diffuser system provides one VAV 
terminal for each room. One VAV box per room provides an equivalent level of control as modeled in 
case B.    
 
The DOE2 software does not recognize occupancy diversity within a zone and models using the widely 
accepted approach of averaging.  Averaging the load on one VAV terminal for 3-4 rooms does not 
reflect the additional energy use for the actual operation: Occupants finding and adjusting the 

thermostat, opening windows, leaving doors open, bringing in fans or space heaters, etc. so that their 
specific office is comfortable, which usually results in overcooling of unoccupied offices.  In the one 
VAV terminal for 3-4 rooms model, there is only one occupancy (hours conditioned) schedule. Since 
one room cannot be left empty, the total lighting, power and occupant load of the one-zone-per-room 
model is averaged between all four offices on a space weighted basis. This ensures that the total 
annual lighting, plug load, and occupancy loads served by the systems are equal, allowing for an 

accurate comparison to the smaller zoned models.  The same sum occupant hours, lighting loads, and 
equipment loads per hour were maintained to ensure equivalent hourly loads (annual lighting and plug 
loads are consistent between the models).  The one VAV terminal for each room model has a total of 
49 rooms/zones per floor, and at any given time 8 offices are empty (16% of occupants are at 
meetings, absent, traveling, on break, an unassigned office, etc.).  The average office weekday 
occupancy profile is shown below (fractional occupancy averages out over all offices to account for 
lunch break, staggered start/stop times, and janitorial duties). 

 
 
 
Three of the climates show negative Therms with large negative values for Chicago and Philadelphia.  
With one VAV terminal for 3-4 rooms re-heating is used to prevent over cooling in the room with the 
thermostat, but unoccupied rooms are over cooled.  This can save heating energy (less reheat).  With 

one VAV terminal per one room, re-heating is used to prevent over cooling in each room thus more 
heating energy is used, especially in the colder climates, but greater net savings are realized in 
cooling energy and fan savings.  Occupancy diversity and individual temperature control result in most 
of the total electrical energy savings. 
 
Lower Minimum Turndown was modeled by comparing one VAV terminal with 25% minimum vs. 
one VAV terminal with 10% minimum using the same zoning, same medium pressure duct and same 

pressure drop systems.  There is central heat at the air handler, but due to the nature of the DOE2 
engine and the modeled building operation (one system per floor; interior zones always need cooling), 
essentially all heating is assigned to the zonal box level. 
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A 25% minimum flow is typical for a VAV box because a pressure independent VAV box operates by 
measuring flow.  To measure flow accurately, a certain minimum velocity is required and to maintain 
the minimum velocity the box is limited to approximately 25% of design flow.  A 25% minimum flow is 
also frequently adopted to prevent dumping by typical diffusers due to low velocities. (See Appendix B 

for sample VAV box data sheets.)  10% minimum flow is typical for a Therma-Fuser diffuser (the 
average Model TF maintains this through the venturi nozzles).  10% is typically not too low for a 
space-conditioning system serving multiple spaces because the required outdoor air quantity delivered 
by the space-conditioning system must be not less than the sum of the required outdoor ventilation 
rate to each space; the model required that the minimum airflow to any space be equal to or greater 
than 15 CFM per person regardless of turndown defined. Standards, such as California’s Title 24 (see 
California 2005 Title 24 Nonresidential Manual, page 4-12 for details), often do not require that each 

space actually receive its calculated outdoor air quantity as 100% outside air.  Instead, the actual 
supply to any given space may be any combination of re-circulated air, outdoor air, or air transferred 
directly from other spaces, provided: The total amount of outdoor air delivered by the space 
conditioning system(s) to all spaces is at least as large as the sum of the space design quantities and 
each space always receives a supply airflow, including re-circulated air and/or transfer air, no less 
than the calculated outdoor ventilation rate and when using transfer air, none of the spaces from 

which air is transferred has any unusual sources of contaminants.  In both cases the model increases 
the minimum flow where required by code outdoor air requirements. 
 
Most of the energy savings are from cooling and heating energy with the majority from heating due to 
reduced reheat.  The majority (70%+) of the total $ energy savings in Chicago, Philadelphia and 
Seattle are due to turndown. Only half the total $ energy savings in Los Angeles and San Antonio are 
due to turndown, most likely because Los Angeles and San Antonio are not heating climates.  In 

Chicago, Philadelphia and Seattle there are significant shoulder seasons where it is warm enough to 
require cooling power to make 55°F air, but cool enough that some perimeter zones (typically North 
facing) need to use energy to heat the air back up (reheat).  
 
There are minimal to no fan energy savings as modeled probably because in the model when the 
typical VAV box is at minimum flow, spaces are sub cooled by a few degrees. The set point the reheat 
maintains is a few degrees lower than the cooling set point (deadband) and, in effect, the sub cooling 

results in some stored cooling energy for that modeled hour. The model performs one calculation per 
hour, accentuating this simulated flywheel effect.. As the model moves from reheat to cooling hours, 
the Therma-Fuser system has a higher airflow, and therefore a higher fan power, because it does not 
have the benefit of the stored cooling from a previous hour. While a lower net annual fan energy 
savings from lower net flow is not realized in the model, the total CFM delivered over the year is 
significantly lower in the Therma-Fuser models, indicating the lower turndown is being modeled. Fan 

energy is slightly higher when approaching peak loads when fan energy costs the most, but this is 
offset by the overall less air moved by the fan. 
 
The higher minimum flow with reheat control of the VAV box results in increased fan and heating 
energy.  The less total air moved by the Therma-Fuser system would be expected to result in longer 
filter life. 
 

Lower Pressure System (0.8 in. w.g. reduction) was modeled by comparing one VAV unit per 
each room with a fan static of 2.6”wg vs. one VAV unit per each room with a fan static of 1.8”wg using 
the same zoning layout for an all low pressure system.  The fan static of 2.6”wg is typical of that 
required by a Therma-Fuser diffuser system using PIM’s or equivalent (as discussed below).  The fan 
static of 1.8”wg is typical of that required by a Therma-Fuser diffuser system designed with all low 
pressure duct work, low pressure drop fittings, and no pressure control devices beyond the Therma-
Fuser diffuser itself. 

 
Most of the energy savings are from reducing the fan energy. 
 
All climates show small negative Therms because all running fans generate waste heat, which is added 
to the system.  The larger fan running at the higher static pressure generates more heat than a 
smaller fan running at lower static pressure.  During heating conditions, the system with the smaller 

fan has to supply more heat relative to the system with the larger fan to make up for the reduced 
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waste heat.  The larger fan system saves some heating energy, but by displacing natural gas heating 
with electric (fan waste) heat at the greater expense of increased cooling and fan energy. 
 
Lower pressure duct systems do not necessarily cost more. While the duct work will be a little larger, 

it is typically simpler, shorter runs with fewer fittings and installation labor required.  The additional 
space requirements are modest.  As a rule of thumb, pressure is approximately proportional to duct 
diameter to the fifth power (P ∼ D5).  To design for low pressure, the duct diameter only increases by 

the fifth root of the pressure. This can be confirmed with a ductalator and is roughly described by the 
relationships below. 
 

A ∼ D2, A ∼ V, V ∼ D2, P ∼ V2, ∴ P ∼ D4, and P approx. ∼ perim/A=
 πD/π(D/2)2 

∴ P approx. ∼ D5 

Where: P=pressure, D=duct diameter, A=duct area, V=velocity, perim=perimeter of duct 
 
Eliminate Pressure Drop Over Box Installation (0.4 in. w.g. reduction) was modeled by 
comparing one VAV terminal per each room with a fan static of 3”wg vs. one VAV terminal per each 

room with a fan static of 2.6”wg using the same zoning.  The fan static of 3”wg is typical of that 
required by a VAV box system to accommodate the installation of a pressure independent VAV box 
and to maintain stable VAV box control per manufacturer’s recommendations (See Appendix B for 
sample VAV box data sheets.)  The fan static of 2.6”wg is typical of that required by a Therma-Fuser 
system using a pressure dependent flow device with active control (Acutherm PIM or equivalent) that 
does not utilized a pitot-based differential pressure flow measurement control device. 
 

Most of the energy savings are from reducing the fan energy. 
 
All climates show small negative Therms because a smaller fan generates less waste heat than a 
larger fan. (See discussion above.) 
 
Other Benefits of a Therma-Fuser VAV Diffuser System over the larger zoned VAV unit system 

would be expected in addition to the energy savings.  With no rooms over cooled or over heated 
(individual temperature control) and less sub cooling due to re-heat offset and greater turndown (One 
VAV unit for 3-4 rooms model averages which is a loss of comfort), better comfort would be expected. 
Providing a single VAV box per office would provide equivalent comfort, but at an expected 
significantly higher first and operating cost. 
 
By operating at a reduced pressure, the Therma-Fuser diffuser system typically has a lower initial cost 

of the fan, fan motor, VSD and electrical support.  With less total air over moved over the filter due to 
the lower turndown provided by the Therma-Fuser system, the filter life is increased, which should 
reduce the annual cost of replacement filters. 
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Appendix B: Typical VAV Box Performance Data 
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Appendix C: DOE2.1E Output 

Provided in electronic format 
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