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Standalone Evaporative Cooling on ROA deck 

General Overview 

The standalone evaporative cooling configuration assumes that the direct and/or indirect 
evaporative cooling device is located on the ROA deck immediately upstream of the main cooling 
coil. The indirect evaporative heat exchangers assume the exhaust-side (scavenger) airstream is 
always outside air. The direct evaporative heat exchangers do not have or need a scavenger 
airstream to operate. On the Change Load Parameters screen, the checkbox “Allow Evaporative 
Cooling at Design” can be used to turn off the standalone evaporative cooling during the design 
simulation. 

 

Direct Evaporative Heat Exchangers  

Direct evaporative heat exchangers can be configured so the evaporation occurs in the primary 
airstream, meaning that moisture will always be added to the primary air. Therefore, these heat 
exchangers do not need a separate scavenger airstream. Also, since the supply air will likely 
always be above the supply setpoint temperature (generally, Sadbc – supply fan heat), there is 
little risk of freezing and so the evaporative cooling effect is available year round. However, the 
addition of moisture to the supply airstream can lead to excessively high relative humidity in the 
rooms which can be detrimental to both equipment and occupants. 

Heat Exchanger Types: Wetted Media and Spray. These evaporative heat exchangers include 
either a spray coil or wetted media from which water evaporates into the primary airstream. The 
amount of heat removed from the air equals the amount of heat absorbed by the water (i.e., 
heat of vaporization). Only part of the water exposed to the air evaporates; when equilibrium is 
reached, the circulated water will approach the wet bulb temperature of the entering air. 

Table 1 below lists the “Direct” evaporative heat exchangers types available in Trace when 
located in the supply airflow directly upstream of the main cooling coil. 
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Table 1. Direct Evap HX1 
Optional Scavenger 

Airflow  
HX Effectiveness Makeup Water 

Direct Evaporative HX Type Max % of 
Supply 

Min % of 
Supply 

% Default 
Effectiveness 

% Dry 
Effectiveness 

Switchover 
Oadb (oF) 

Drift Loss 
Fraction (%) 

Blowdown 
Ratio 

Circ Pump 
Pwr (W/cfm) 

Wetted Media 

 

N/A N/A 

When Oadb > 
SwitchoverDb: 

 
SupLvgDb = 
SupEntDb - 

(EFFDef/100)* 
(SupEntDb-Oawb) 

 
Typical EFFDef = 

90 to 95% 

When Oadb < 
SwitchoverDb: 

 
SupLvgDb = 
SupEntDb - 

(EFFDry/100)* 
(SupEntDb-Oawb) 

 
If EvapHX in 

OA airstream, 
set EFFDry to 
0% to force 

shutoff of HX 
below 

SwitchOverDb 

Use to switch 
between 

EFFDef and 
EFFDry. 

 
Note: for this 
direct evap 
HX, EFFDry 
does not 
represent 

Effec in dry 
mode but wet 
Effec below 

the 
SwitchOverDb 

Use this 
field to 
model 

additional 
water 

consumed 
by the evap 
cooler from 

drift. 
 

Typical: 
0.01- 0.5% 

Use this 
field to 
model 

additional 
water 

consumed 
by the evap 
cooler from 
blowdown. 

Typical:  
3-7 

Circulation 
pump 

modulates to 
maintain 

desired evap 
cooler leaving 
setpoint db. 

Auto shutoff if 
evap cooler 

entering wb > 
setpoint db. 

Typical:  
0.05 Watt/cfm 

Spray 

 

N/A N/A 

When Oadb > 
SwitchoverDb: 

 
SupLvgDb = 
SupEntDb - 

(EFFDef/100)* 
(SupEntDb-Oawb) 

 
Typical EFFDef = 

90 to 95% 

When Oadb < 
SwitchoverDb: 

 
SupLvgDb = 
SupEntDb - 

(EFFDry/100)* 
(SupEntDb-Oawb) 

 
If EvapHX in 

OA airstream, 
set EFFDry to 
0% to force 

shutoff of HX 
below 

SwitchOverDb 

Use to switch 
between 

EFFDef and 
EFFDry. 

 
Note: for this 
direct evap 
HX, EFFDry 
does not 
represent 

Effec in dry 
mode but wet 
Effec below 

the 
SwitchOverDb 

Use this 
field to 
model 

additional 
water 

consumed 
by the evap 
cooler from 

drift. 
 

Typical: 
0.01- 0.5% 

Use this 
field to 
model 

additional 
water 

consumed 
by the evap 
cooler from 
blowdown. 

Typical:  
3-7 

Circulation 
pump 

modulates to 
maintain 

desired evap 
cooler leaving 
setpoint db. 

Auto shutoff if 
evap cooler 

entering wb > 
setpoint db. 

Typical:  
0.05 Watt/cfm 

1When used in the primary airstream, not the exhaust-side airstream. 

 

Indirect Evaporative Heat Exchangers  

Indirect evaporative heat exchangers are configured so the evaporative heat exchanger is 
located in a separate (scavenger) outside air stream in order not to introduce outside 
contaminants or moisture into the primary air stream. 

Water-to-air HX. In this configuration, a water-to-air coil is located in the primary air stream 
which operates like a normal finned tubed cooling coil except that the “chilled” water is provided 
by a cooling tower or other evaporative cooling apparatus such as wetted media. Water piped 
through either the tower or evaporative media is cooled by evaporation into ambient air blown 
over their heat exchanger surfaces. A cooling tower can generally operate at lower ambient 
temperatures than the wetted media because a closed tower can use glycol mixture for its 
transfer fluid.  

Air-to-air HX. An air-to-air heat exchanger (such as a sensible wheel, heat pipe or fixed-plate 
HX) transfers heat directly from the primary airstream to the secondary (scavenger) airstream. 
The evaporative component is separate and is used to precool the scavenger airstream before it 
interacts with the secondary side of the air-to-air heat exchanger. 

Wetted plate/tube HX. With a wetted plate/tube heat exchanger, e.g., Munters Oasis, outdoor 
scavenger air is drawn across the exterior of elliptical tubes, which are wetted by a recirculation 
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water pump. With scavenger air flowing over the wet exterior tube surfaces, evaporative heat 
transfer cools the hotter primary air flowing through the inside of the tubes. 

Table 2 below lists the various “Indirect” evaporative heat exchangers available in Trace 700. 

Table 2. Indirect Evap HX 
Optional Scavenger 

Airflow  
HX Effectiveness Makeup Water 

Indirect Evaporative HX Type Max % of 
Supply 

Min % of 
Supply 

% Default 
Effectiveness 

% Dry 
Effectiveness 

Switchover 
Oadb (oF) 

Drift Loss 
Fraction (%) 

Blowdown 
Ratio 

Circ Pump 
Pwr (W/cfm) 

a) Water‐to‐air HX w/ Tower 

 

N/A N/A 

When Oadb > 
SwitchoverDb: 

 
SupLvgDb = 
SupEntDb - 

(EFFDef/100)* 
(SupEntDb- 

TwrWaterLvg) 
 

Typical EFFDef 

= 60 to 80% 

When Oadb < 
SwitchoverDb: 

 
SupLvgDb = 
SupEntDb - 

(EFFDry/100)* 
(SupEntDb- 

TwrWaterLvg) 
 

Set EFFDry to 
0% to force 

shutoff of HX 
below 

SwitchOverDb 

Use to 
switch 

between 
EFFDef and 

EFFDry. 

N/A 
 

Assign 
Water-to-Air 
HX coil to a 
cooling plant 

in the 
Equipment 

Section. 
Makeup 

water auto-
calculated by 
attached heat 

rejection 
equipment. 

N/A 
 

Assign 
Water-to-Air 
HX coil to a 
cooling plant 

in the 
Equipment 

Section. 
Makeup 
water 

calculated by 
attached heat 

rejection 
equipment. 

N/A 
 

Assign Water-
to-Air HX coil to 
a cooling plant 

in the 
Equipment 

Section. 
Pumping power 
calculated by 

attached 
condenser 

water pump. 

b) Water‐to‐air HX w/ Evap 

 

MaxSvgAirflow= 
(MaxPct/100)* 
SupSideAirflow 

 
The 

scavenger 
airflow is 

modulated 
between the 
max and min 
scavenger 

airflow 
settings to 

achieve the 
primary air 
leaving dry 

bulb setpoint. 

MinSvgAirflow= 
(MinPct/100)* 

SupSideAirflow
 

To model the 
scavenger 

OA fan 
energy 

consumption, 
choose an 

Auxiliary Fan 
on the 
Create 

Systems – 
Fan 

Overrides 
screen  

When Oadb > 
SwitchoverDb: 

 
SupLvgDb = 
SupEntDb - 

(EFFDef/100)* 
(SupEntDb-Oawb) 

 
Typical EFFDef = 

60 to 80% 

When Oadb < 
SwitchoverDb: 

 
SupLvgDb = 
SupEntDb - 

(EFFDry/100)* 
(SupEntDb-Oadb) 

 
If EvapHX in 

OA airstream, 
set EFFDry to 0% 
to force shutoff 

of HX below 
SwitchOverDb 

Use to switch 
between 

EFFDef and 
EFFDry. 

Use this field 
to model 
additional 

water 
consumed by 

the evap 
cooler from 

drift. 
 

Typical: 
0.01- 0.5% 

Use this field 
to model 
additional 

water 
consumed by 

the evap 
cooler from 
blowdown. 

Typical:  
3-7 

Scavenger fan 
is modulated 

first with pump 
at max. When 
svg fan is at its 
minimum, then 

circulation 
pump 

modulates to 
maintain 

desired evap 
cooler leaving 
setpoint db. 

Pump shuts off 
when HX runs 
in dry mode or 
when Oawb > 
setpoint db. 

c) Air‐to‐air heat exchanger 

 

MaxSvgAirflow= 
(MaxPct/100)* 
SupSideAirflow 

 
The 

scavenger 
airflow is 

modulated 
between the 
max and min 
scavenger 

airflow 
settings to 

achieve the 
primary air 
leaving dry 

bulb setpoint 

MinSvgAirflow= 
(MinPct/100)* 

SupSideAirflow
 

To model the 
scavenger 

OA fan 
energy 

consumption, 
choose an 

Auxiliary Fan 
on the 
Create 

Systems – 
Fan 

Overrides 
screen 

When Oadb > 
SwitchoverDb: 

 
SupLvgDb = 
SupEntDb - 

(EFFDef/100)* 
(SupEntDb-Oawb) 

 
Typical EFFDef = 

60 to 80% 

When Oadb < 
SwitchoverDb: 

 
SupLvgDb = 
SupEntDb - 

(EFFDry/100)* 
(SupEntDb-Oadb) 

 
EFFDry means 

the evaporative 
cooling HX’s 
circulation 

pump is off but 
the air-to-air HX 
can still operate 

in dry mode.  

Use to switch 
between 

EFFDef and 
EFFDry. 

Use this field 
to model 
additional 

water 
consumed by 

the evap 
cooler from 

drift. 
 

Typical: 
0.01- 0.5% 

Use this field 
to model 
additional 

water 
consumed by 

the evap 
cooler from 
blowdown. 

Typical:  
3-7 

Scavenger fan 
is modulated 
first with circ 
pump at max. 
When svg fan 

is at its 
minimum, then 

circ pump 
modulates to 

maintain 
desired evap 
cooler leaving 
setpoint db. 

Pump shuts off 
when HX runs 
in dry mode or 
when Oawb > 
setpoint db.

d) Wetted plate/tube heat exchanger 

MaxSvgAirflow= 
(MaxPct/100)* 
SupSideAirflow 

 
The 

scavenger 
airflow is 

modulated 
between the 
max and min 
scavenger 

airflow 
settings to 

achieve the 
primary air 

MinSvgAirflow= 
(MinPct/100)* 

SupSideAirflow
 

To model the 
scavenger 

OA fan 
energy 

consumption, 
choose an 

Auxiliary Fan 
on the 
Create 

Systems – 
Fan 

When Oadb > 
SwitchoverDb: 

 
SupLvgDb = 
SupEntDb - 

(EFFDef/100)* 
(SupEntDb-Oawb) 

 
Typical EFFDef = 

60 to 80% 

When Oadb < 
SwitchoverDb: 

 
SupLvgDb = 
SupEntDb - 

(EFFDry/100)* 
(SupEntDb-Oadb) 

 
EFFDry means 

the evaporative 
cooling HX’s 
circulation 

pump is off but 
the wetted 

plate/tube HX 

Use to switch 
between 

EFFDef and 
EFFDry. 

Use this field 
to model 
additional 

water 
consumed by 

the evap 
cooler from 

drift. 
 

Typical: 
0.01- 0.5% 

Use this field 
to model 
additional 

water 
consumed by 

the evap 
cooler from 
blowdown. 

Typical:  
3-7 

Scavenger fan 
is modulated 
first with circ 
pump at max. 
When svg fan 

is at its 
minimum, then 

circ pump 
modulates to 

maintain 
desired evap 
cooler leaving 
setpoint db. 

Pump shuts off 
when HX runs 
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leaving dry 
bulb setpoint 

Overrides 
screen 

can still operate 
in dry mode 

in dry mode.
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Appendix: Direct and Indirect Evaporative Cooling Examples 

 

1) Heat Pipe or Fixed Plate HX with supply‐side on ROA deck and evaporative precool of exhaust side 

 

In this configuration, the supply side of an air‐to‐air heat exchanger (heat pipe, flat plate or wheel) is 

located upstream of the main cooling coil. The exhaust side of the HX transfers heat to a scavenger 

outside air stream pretreated by a separate evaporative HX. The example below is shown as a completely 

recirculated system typical of data centers but a mixed air ventilation deck could be added to provide 

airside economizer operation for part of the year. 

 

 
Figure 1: Diagram of Fixed Plate HX on supply deck with evaporative precooling of exhaust‐side airflow 

 

In Trace, this configuration can be created via the Create Systems – Options dialog using the standalone 

Evaporative Cooling:
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Clicking on the standalone evaporative cooling “Options” button next to “Indirect Efficiency” field allows 

you to change the defaults. Per the figure above, here are the inputs that apply to this configuration: 

  Heat Exchanger Type: Air‐to‐air heat exchanger 

Indirect Efficiency: refers to the  overall wet‐mode effectiveness at rated supply airflow 

Dry Effectiveness: refers to the overall dry‐mode effectiveness at rated supply airflow 

Switchover Oadb: the water circulation pump will not operate below this Oadb which causes the 

HX to operate in dry mode. Above this Oadb, the HX can operate in wet mode. 

Makeup Water Drift and Blowdown Ratio: used to model additional water consumed by the 

cooler from drift and blowdown 

Circulation Pump: power per design scavenger OA airflow. Operates at its design value whenever 

the HX is in wet mode.  

Static Pressure Note: be sure to include the supply‐side static pressure drop across the HX by 

including it with the primary fan’s static pressure via the Create Systems – Fan Overrides 

screen. In a similar manner, be sure to include the exhaust‐side (scavenger OA) static pressure 

drop by defining it in the auxiliary fan’s static pressure field via the Create Systems – Fan 

Overrides screen. 

Controls. The controls are designed to minimize scavenger fan energy consumption rather than 

minimize water consumption. The scavenger airflow is first modulated between the max and 

min scavenger airflow settings to achieve the primary air leaving dry bulb setpoint. If the HX is 

operating in wet mode, the circulation pump (and associated water flow) operates at its 

maximum. Once the scavenger fan has slowed down to its minimum speed to prevent 

overcooling, the circulation pump modulates, if necessary, to maintain desired HX leaving 

setpoint. The circulation pump shuts off when the HX runs in dry mode or when Oawb > 

primary air leaving dry bulb setpoint or when Oadb < Switchover Db. 
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Next, the scavenger OA fan should be specified on the Create Systems – Fan Overrides screen as noted in 

the figure below: 

 

 
 

To save fan energy, the scavenger airflow is modulated between the Minimum and Maximum OA % of 

Supply values to maintain target supply air dry bulb. If both Minimum and Maximum OA % of Supply are 

set to the same value, then the scavenger fan is constant volume and the ERD is modulated by reducing or 

shutting down the evaporative cooler first.  
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2) Polymer tube HX with supply‐side on ROA deck with exhaust side using scavenger outside air 

 

In this configuration, the supply side of a Polymer tube HX is located upstream of the main cooling coil. 

The exhaust side of the HX transfers heat to a scavenger outside air stream. With this design, outdoor 

scavenger air is drawn across the exterior of elliptical tubes, which are wetted by a recirculation water 

pump. The example below is shown as a completely recirculated system typical of data centers but a 

mixed air ventilation deck could be added to provide airside economizer operation for part of the year. 

 
Figure 2: Diagram of Wetted plate/tube HX on the supply deck with scavenger outside air on the exhaust deck 

 

In Trace, this configuration can be created via the Create Systems – Options dialog: 
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Clicking on the standalone evaporative cooling “Options” button next to “Indirect Efficiency” field allows 

you to change the defaults. Per the figure above, here are the inputs that apply to this configuration: 

  Heat Exchanger Type: Wetted plate/tube heat exchanger 

Indirect Efficiency: refers to the  overall wet‐mode effectiveness at rated supply airflow 

Dry Effectiveness: refers to the overall dry‐mode effectiveness at rated supply airflow 

Switchover Oadb: the water circulation pump will not operate below this Oadb which causes the 

HX to operate in dry mode. Above this Oadb, the HX can operate in wet mode. 

Makeup Water Drift and Blowdown Ratio: used to model additional water consumed by the 

cooler from drift and blowdown 

Circulation Pump: power per design scavenger OA airflow. Operates at its design value whenever 

the HX is in wet mode. 

Static Pressure Note: be sure to include the supply‐side static pressure drop across the HX by 

including it with the primary fan’s static pressure via the Create Systems – Fan Overrides 

screen. In a similar manner, be sure to include the exhaust‐side (scavenger OA) static pressure 

drop by defining it in the auxiliary fan’s static pressure field via the Create Systems – Fan 

Overrides screen. 

Controls. The controls are designed to minimize scavenger fan energy consumption rather than 

minimize water consumption. The scavenger airflow is first modulated between the max and 

min scavenger airflow settings to achieve the primary air leaving dry bulb setpoint. If the HX is 

operating in wet mode, the circulation pump (and associated water flow) operates at its 

maximum. Once the scavenger fan has slowed down to its minimum speed to prevent 

overcooling, the circulation pump modulates, if necessary, to maintain desired HX leaving 

setpoint. The circulation pump shuts off when the HX runs in dry mode or when Oawb > 

primary air leaving dry bulb setpoint or when Oadb < Switchover Dry Bulb 

 

Next, the scavenger OA fan is specified on the Create Systems – Fan Overrides screen as noted in the 

figure below: 

 

 
 

The controls will try to minimize the scavenger OA fan energy consumption by initially setting the 
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scavenger airflow to the Minimum % of Supply Airflow value. If in wet mode, the necessary amount of 

water is sprayed into the scavenger airstream to meet the heat exchanger leaving setpoint. If the leaving 

heat exchanger dry bulb setpoint cannot be met, then the scavenger OA airflow is increased up to its 

“Maximum % of Supply Airflow” value.  
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3) Indirect Evaporative Cooling via Water‐to‐Air HX with Cooling Tower 

 

In this configuration, a water‐to‐air HX is located upstream of the main cooling coil on the supply deck. 

The water‐to‐air HX is similar to a regular finned tube water cooling coil except that the “chilled” water 

comes from a cooling tower rather than a chiller. The example below is shown with a mixed air ventilation 

deck to provide airside economizer operation for part of the year. 

 
Figure 3: Diagram of indirect evaporative cooling via a water‐to‐air HX on the ROA deck 

 

In Trace, this configuration can be created via the Create Systems – Options dialog: 

 

 

Per the figure above, here are the inputs that apply to this configuration: 

  Heat Exchanger Type: Water‐to‐air HX w/Tower 

Indirect Efficiency: refers to the effectiveness above the Switchover Oadb 
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Dry Effectiveness: refers to the effectiveness below the Switchover Oadb  

Switchover Oadb: used to determine the value of the HX effectiveness. Above this value, the indirect 

effectiveness is set equal to the “Indirect Efficiency” field; below this value, the indirect 

effectiveness is set equal to the “Dry Effectiveness” field 

 

Note: When the Heat Exchanger Type is “Water‐to‐air HX w/Tower”, the makeup water is calculated 

according to the cooling tower chosen as the Heat Rejection Type on the Create Plants – Cooling Equipment 

screen. The Secondary Airflow inputs are disabled because the cooling tower is modeled separately in the 

Equipment section 

 

The cooling tower and associated pump attached to the water‐to‐air HX need not be specified for design 

or system simulation but are needed for the equipment simulation. On the Create Plants – Cooling 

equipment screen, create a separate cooling plant with: 

a) Category set to “Water‐cooled chiller”  

b) Equipment Type set to “Indirect Evaporative Cooling” 

c) Choose a Heat Rejection Type that matches your cooling tower or fluid cooler 

d) Leave cooling capacity blank and set cooling energy rate to zero 

e) Choose a Condenser Water Pump and set its Full Load Consumption rate 

 

 
 

Second, on the Assign System Coils screen, attach the Indirect Evaporative Cooling Coil to the above 

cooling plant as noted below: 
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4) Staged Direct (Wetted Media) and Indirect Evaporative (Water‐to‐air HX)  in ROA deck 

In this configuration, a direct evaporative heat exchanger is placed upstream of an indirect evaporative heat 

exchanger located upstream of the main cooling coil on the ROA deck. The example below is shown with a 

mixed air ventilation deck to provide airside economizer operation for part of the year. 

 

This can be modelled by using the standalone Evaporative Cooling Options as shown below: 
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5) Indirect Evaporative (Water‐to‐air) Heat Exchanger in ventilation deck (DualCool system) 

This configuration is not used for data centers but was added to implement the DualCool addon to DX Rooftops. 

In this configuration, a water‐to‐air heat exchanger integrated with a separate evaporative media coil is placed 

in the ventilation deck. A submersible pump moves cool water from the reservoir beneath the evaporative 

media to, and through, the vent air pre‐cooling coil, and then back to a distribution tube above the evaporative 

media.  Water flowing by gravity downward through the wetted media cools the air entering the large 

condenser coil through which refrigerant is discharging heat to the outdoor air. 

 

The Stage 1 Air‐to‐Air Energy Recovery/Transfer Type is a standard library member called “DualCool (OA 

Evap Precooling)” and would be defined on the Create System – Options screen via the Stage 1 or Energy 

Recovery : 
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Note how the Dry Effectiveness has been set to 0 and the Switchover Oadb to 70F. This means the 

evaporative circulation pump is shut off when the outside air temperature falls below 70F. 

Also, note how the Supply and Exhaust‐deck locations are both “Ventilation Upstream” which forces the 

Water‐to‐air heat exchanger onto the ventilation deck. If the Exhaust Deck location of “Outside Air” had 

been chosen instead, this would not have worked. 

Third, because the evaporative media is precooling the condenser air, this must be accounted for in the 

Cooling Equipment library member attached to this system by specifying the Evaporative Precooling Flag 

= Yes and Evap Precool Effectiveness = 65% as noted below: 
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6) Specifying Data Center electrical as a separate line item in the Equipment Energy Consumption rpt 

In the Editors library, a miscellaneous electric load can be identified as originating from a data center with a 

simple yes/no dropdown: 

 

In the Trace, on the Create Rooms – Internal Loads screen, a miscellaneous electric load can be identified as 

originating from a data center with a simple yes/no dropdown. Note: dropdown will initially reflect the 

Miscellaneous Loads library member selected. 

 

The Equipment Energy Consumption report will then break out the data center electric separately from 

the Miscellaneous Electric line item as shown below. 
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Note: Trace700 does not provide a way to separate out data center electrical losses, PUE, CUE or WUE. 
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7) Schedule lockouts 

Schedule lockouts can be used to limit direct and/or indirect evaporative coil or Energy Recovery operation within 

a specific Oadb range: 

 

a) In Schedule Library, create a Utilization Schedule for a specific range 

 
 

b) In Trace Create Systems – Options screen, select the above custom schedule for the respective coil  
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8) Suggested Defaults 

Evaporative HX Type

  
Spray 

Wetted 
media 

Water-to-air 
HX w/ Tower 

Water-to-air HX 
w/ Evap 

Air-to-air heat 
exchanger 

Wetted plate/tube 
heat exchanger 

Optional Scavenger Airflow                    

    Max OA% of Supply , %  n/a  n/a  n/a  125  125  125 

    Min OA% of Supply, %  n/a  n/a  n/a  25  25  25 

HX Effectiveness                   

    Default Effectiveness, %  95  95  80  70  80  85 

    Dry Effectiveness, %  0  0  70  0  70  75 

    Switchover Oadb, F  40  40  45  60  50  50 

Makeup Water                   

    Drift Loss Fraction, %  0.1  0.1  n/a  0.1  0.1  0.1 

    Blowdown Ratio  5  5  n/a  5  5  5 

    Circulation Pump Power, W/cfm  0.05  0.05  n/a  0.05  0.05  0.05 

 


