
 
 

 
 
 
 
 

 
 VARIABLE AIR VOLUME  
 TERMINAL UNITS 

 
 Featuring 

 
 Precision Air Valves 
 
 
 
 
 
 

 Model ST 
 Single Throttling 
  Catalog No. ST-00 



WARREN QUIET PLUS VAV TERMINAL UNITS

1

INTRODUCTION
SINGLE DUCT THROTTLING UNIT

Warren Quiet Plus® VAV Terminal Units
Variable Air Volume Terminal Units regulate

the flow of conditioned supply-air into occupied
spaces, to assure that comfortable temperature
levels are maintained at much lower energy costs
than other types of central systems.

Building owners and designers are aware and
concerned about HVAC-system noise levels. Tra-
ditionally-designed VAV terminal units are often
the most significant factor contributing to a noisy
indoor environment. This has a significant impact
on occupant comfort and productivity.

Advanced technology and experience have
been combined by Warren to create a product
line of VAV terminal units which offer a quantum
improvement in VAV design and performance.
Quiet Plus® VAV terminal units offer ultra-quiet
operation plus laminar flow and precision control.

Warren Technology has invested extensively
in engineering, product design, and testing in
order to provide system designers with accurate
flow and acoustic performance data.

Innovative, flexible manufacturing processes
governed by modern computer-aided design and
manufacturing (CAD/CAM) systems allow Warren
to adapt quickly to new design requirements.

Model ST Single-Duct Throttling Units
The heart of the Quiet Plus® ST unit is the

patented Zebra® precision air valve, which has
the best performance for acoustics, laminar flow,
and accurate control in the HVAC industry.

Model ST has 11 unit sizes, with capacities
ranging from 100 to 5300 CFM. Electronic
(analog or DDC), electric and pneumatic controls
are available with velocity-sensing pressure-
independent or thermostatically-driven pressure-
dependent options. Control sequences can be
chosen to meet virtually any cooling, heating, or
ventilation requirement.

The Zebra®-damper’s laminar-flow discharge
profile offers unmatched performance when used
with Warren’s custom Electric or Hot-Water coils.
Several insulation options are also available.

Figure 1.  Model STE Single Duct Throttling Unit
with Electric Heat (Cutaway View)
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AIR FLOW PERFORMANCE DATA
SINGLE DUCT THROTTLING UNIT

CONTROLLABILITY
Warren Quiet Plus VAV Terminal Units have

lower sound levels than conventional units.
Oversizing to attain acceptable sound levels is
unnecessary, so selection may be based on con-
trollability, which ensures maximum performance.

Figure 2 shows the effect of airflow rate and
∆P

S
 on controllability for VAV valves. The maxi-

mum operating range of a VAV valve is the
physical distance (linear or rotational) in which it
modulates. The Effective Operating Range is equal
to the maximum operating range minus the amount
the valve must close to compensate for the sys-
tem static pressure at the design airflow rate.
Optimum controllability is attained by selecting
the smallest sized unit which meets the design
airflow and sound requirements.

Effective Operating Ranges of less than 50%
are not recommended for VAV terminal units. Figure 2. Controllability Graph

Figure 3. Warren Zebra Valve Airflow Performance Data
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G. Check the effective operating range of the unit
against the design requirements using Figure
2 (page 2). Calculate the percent of nominal
airflow using the following formula:

% of Nominal Airflow =
Cooling CFM

x 100
Nominal CFM

If the effective operating range of the unit
selected falls below 50% on the graph, the
next smaller unit should be considered. Rese-
lect, and repeat steps D through F.

EXAMPLE (Typical Installation)
A. Given design requirements:

1. Cooling CFM = 1700
2. Inlet static pressure (ISP) = 1.30 in. WC
3. External duct static pressure loss

(ESP) = 0.26 in. WC
4. Heating CFM = 850
5. Heating coil = 8 kW
6. Maximum allowable NC = 30
7. Installation = not acoustically critical

B. Since the design requires electric heat, the model
designation is STE.

C. From Table 1 (page 4) for 1700 CFM nominal, select
size STE12M.

D. Using Formula 6 (page 9), confirm that the required
kW does not exceed the maximum allowable for the
specified heating CFM. (850 Heating CFM ÷ 70 =
12.1 maximum allowable kW; therefore 8 kW at 850
CFM is acceptable.)

E. Calculate the static pressure loss ∆PS for the unit:

∆PS = ISP – [ ESP + HSP ]

= 1.30 – 

∆PS = 1.00 in. WC

HSP was determined from Formula 7 (page 9).

F. Quick-Select Table 2 (page 5) indicates that the NC
of the selected unit does not exceed the maximum
allowable NC 30. For size STE12M at 1700 CFM
with 1.0" ∆PS, both the discharge NC and the radiat-
ed NC are less than 20.

G. The % of nominal airflow = 1700 ÷ 1700 = 100%.
Checking the effective operating range at 100% for
1.0" ∆PS from Figure 2 (page 2), it is determined that
the effective operating range of the unit is 60%
(effective operating ranges below 50% are not rec-
ommended).

The design requirements can be met with the selec-
tion of size STE12M.

SELECTION PROCEDURE
SINGLE DUCT THROTTLING UNIT

SELECTION PROCESS
A. Design data required:

1. Cooling CFM
2. Inlet static pressure (ISP)
3. External duct static pressure loss (ESP)

downstream, not including coil
4. Heating CFM (if required)
5. Heating requirements in MBH or kW
6. Maximum allowable NC or Sound Power
7. Details about box installation and room, for

acoustically-critical cases
B. Establish the designation (see page 17 for

other order-code details):
STN = No heat
STE = Electric heat coil

STW = Hot water coil
C. Select a unit size from Table 1 (page 4) for

which the nominal cooling CFM most closely
matches the design cooling CFM. For opti-
mum controllability, select nominal size or
smaller. Oversizing will degrade the effective
operating range of the unit.

D. If an electric heating coil is required, confirm
that the design kW does not exceed the maxi-
mum allowable kW using Formula 6 (page 9).
Use Tables 5–7 and the Procedure on pages
10–12 to select a hot water heating coil if
required.

E. Calculate the static pressure loss (∆P
S
) of the

unit using the formula:
∆P

S
= ISP – (ESP + HSP)

Where:
∆P

S
= static pressure loss of unit

ISP = inlet static pressure
ESP = external duct static pressure loss
HSP = static pressure loss of the heat-

ing coil as determined from For-
mula 7 (page 9) for electric coils
or Table 7 (pages 11–12) for hot
water coils.

F. Confirm that the unit size selected does not
exceed the maximum allowable NC by using
Quick-Select Table 2 (page 5) for acoustically
non-critical installations, or for critical installa-
tions use tables and formulae in Warren’s
Acoustic Applications Guide. If the unit se-
lected exceeds the maximum allowable NC or
Sound Power, then select the next larger unit
size and repeat steps D and E.
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CAPACITY AND DIMENSIONAL DATA
SINGLE DUCT THROTTLING UNIT

Table 1. Model ST Capacity and Dimensional Data

Inlet Maximum Dimensions Outlet Weight
Model Size Shape‡ Nominal CFM W H L… Width Height (Est.)†

Number (in.) (H x W) CFM (Range) (in.) (in.) (in.) (in.) (in.) (lbs.)

ST_04L 4 Rnd 200 100–300 8 10 15 8 10 25
ST_05L 5 Rnd 300 150–400 8 10 15 8 10 25
ST_06L 6 Rnd 500 250–700 10 10 15 10 10 26
ST_08L 8 Rnd 700 350–900 14 10 15 14 10 28
ST_10L 10 8 x 111/8 1000 600–1300 18 10 15 18 10 32
ST_12L 12 8 x 141/4 1400 800–1800 24 10 15 24 10 35
ST_12M 12 Rnd 1700 1000–2200 20 15 15 20 15 36
ST_14M 14 Rnd 2100 1400–2700 24 15 15 24 15 38
ST_16M 16 14 x 171/8 2600 1700–3400 30 15 15 30 15 43
ST_18M 18 14 x 201/4 3300 2200–4200 38 15 15 36 15 47
ST_20M 20 14 x 237/16 4200 3000–5300 48 15 15 48 15 55

NOTES:
1) ST units include lined plenum, inlet collar, S & D outlet connection, and air valve assembly.
2) Nominal CFM based on maximum 2000 FPM inlet velocity, 1000 FPM outlet velocity, and ∆PS of 0.10 in. WC.
3) STN = No heat STE = Electric heat coil STW = Hot water coil.
4) See page 16 for metric conversion factors.
! Special controls may increase the length (L).
" Add 25% to weight for electric heat or 1-row hot water coil; add 50% to weight for 2-row hot water coil.
# Oval-inlet dimensions shown will fit inside flex-duct with “Size” diameter.
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PERFORMANCE DATA
SINGLE DUCT THROTTLING UNIT

Table 2. Model ST QUICK-SELECT Sound Data, Discharge and Radiated NC Levels

Unit Min
Min ∆∆∆∆∆PS 0.5" ∆∆∆∆∆PS 1.0" ∆∆∆∆∆PS 3.0" ∆∆∆∆∆PS

Size CFM ∆∆∆∆∆PS Dis Rad Dis Rad Dis Rad Dis Rad

150 .04 – – – – – – – –
04L 200 .07 – – – – – – – –

250 .11 – – – – – – – –
200 .04 – – – – – – – –

05L 300 .08 – – – – – – – –
400 .14 – – – – – – – –
400 .07 – – – – – – – –

06L 500 .10 – – – – – – – –
600 .15 – – – – – – – 20
500 .05 – – – – – – – –

08L 700 .10 – – – – – – – –
900 .15 – – – – – – – 21
800 .07 – – – – – – – –

10L 1000 .10 – – – – – – – –
1200 .15 – – – – – – 20 22
1200 .08 – – – – – – – –

12L 1400 .10 – – – – – – – 20
1600 .15 – – – – – – – 23
1300 .05 – – – – – – – –

12M 1700 .10 – – – – – – – 22
2000 .14 – – – – – 20 21 24
1600 .06 – – – – – – – –

14M 2100 .10 – – – – – – 20 23
2600 .15 – 20 – 21 – 22 24 26
2000 .05 – – – – – – – 20

16M 2600 .08 – – – – – – 21 24
3200 .12 – 21 – 21 – 23 25 27
2600 .06 – – – – – – 24 22

18M 3300 .10 – – – – – 20 27 25
4000 .13 – 23 – 23 – 24 28 29
3400 .06 – – – – – – 27 24

20M 4200 .10 – – – 20 22 22 30 27
4800 .13 – 25 20 26 24 27 32 30

PERFORMANCE NOTES:
1) “–” indicates an NC level less than 20.
2) “∆PS” is the difference in static pressure from inlet to discharge, in. WC.
3) Test data obtained in accordance with ARI/ADC Test Standard 880.
4) Quick-Select NC levels are generated using tables and formulae in Warren’s Acoustic Applications Guide.
5) Discharge NC levels are based on the following:

a) 10 dB room absorption
b) 5 feet of rectangular lined duct
c) 5 feet of standard flex duct
d) end reflection
e) flow division

6) Radiated NC levels are based on the following:
a) 10 dB room absorption
b) mineral fiber acoustical ceiling tile
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PERFORMANCE DATA
SINGLE DUCT THROTTLING UNIT

Table 3. Model ST DISCHARGE Sound Power in Decibels

Sound Power Levels, Lw, re 10–12 Watts

Unit Min
Min ∆∆∆∆∆PS 0.5" ∆∆∆∆∆PS 1.0" ∆∆∆∆∆PS 3.0" ∆∆∆∆∆PS

Size CFM ∆∆∆∆∆PS 2 3 4 5 6 7 NC 2 3 4 5 6 7 NC 2 3 4 5 6 7 NC 2 3 4 5 6 7 NC

150 .04 36 39 39 35 33 30 – 39 45 49 49 46 45 – 40 46 50 50 49 48 – 45 50 55 57 58 58 –

04L 200 .07 42 45 45 42 39 36 – 44 48 54 54 51 49 – 46 50 55 55 54 52 – 49 53 58 61 62 62 –

250 .11 48 51 51 49 45 42 – 49 51 59 59 56 53 – 52 54 60 60 59 56 – 53 56 61 65 66 66 –

200 .04 31 33 32 29 25 22 – 39 43 48 45 43 41 – 39 44 48 48 47 46 – 46 48 53 55 57 57 –

05L 300 .08 37 41 40 37 35 32 – 43 48 52 52 49 46 – 43 48 52 52 51 49 – 47 53 56 59 60 60 –

400 .14 44 46 47 45 41 37 – 45 52 56 55 55 52 – 46 52 57 56 56 53 – 51 55 59 63 64 64 –

400 .07 40 43 43 39 37 33 – 45 49 53 52 49 46 – 45 51 55 54 54 52 – 50 54 59 61 63 63 –

06L 500 .10 46 49 49 47 44 40 – 49 54 58 56 54 52 – 49 54 58 58 57 56 – 52 57 62 65 66 66 –

600 .15 50 54 54 53 49 45 – 52 58 62 59 58 57 – 54 58 63 61 59 59 – 55 59 65 68 68 68 –

500 .05 35 38 38 36 33 27 – 42 45 50 49 46 45 – 45 49 54 55 54 53 – 49 53 56 60 61 61 –

08L 700 .10 43 46 45 43 41 37 – 46 50 55 54 51 50 – 50 53 58 59 57 56 – 52 56 60 64 65 65 –

900 .15 50 53 53 52 47 43 – 52 56 60 59 56 55 – 53 57 61 62 61 60 – 55 59 63 67 68 68 –

800 .07 40 43 44 41 36 34 – 44 48 54 53 51 49 – 49 52 56 58 57 56 – 54 58 64 66 67 67 –

10L 1000 .10 45 48 50 47 43 40 – 48 53 57 56 54 53 – 52 55 60 61 60 58 – 56 60 65 68 69 69 –

1200 .15 49 52 54 52 48 46 – 52 56 61 60 58 56 – 54 58 64 65 64 62 – 58 62 67 70 71 71 20

1200 .08 38 41 43 39 36 35 – 45 49 55 54 51 50 – 49 53 59 59 58 57 – 56 59 65 68 67 67 –

12L 1400 .10 42 45 47 44 41 39 – 47 52 57 56 53 52 – 51 54 60 60 59 58 – 57 60 66 68 68 67 –

1600 .15 46 48 51 48 45 43 – 49 54 59 58 55 54 – 52 56 61 62 61 60 – 59 62 67 69 69 68 –

1300 .05 39 41 44 39 36 36 – 46 49 56 54 51 51 – 50 53 60 59 58 58 – 57 59 66 68 67 68 –

12M 1700 .10 47 48 52 48 45 44 – 50 54 60 58 55 55 – 53 56 62 62 61 61 – 60 62 68 69 69 69 –

2000 .14 52 54 59 55 52 50 – 53 58 64 62 59 57 – 56 59 64 65 64 63 – 61 64 69 72 72 71 21

1600 .06 38 41 45 43 39 37 – 49 53 57 56 55 54 – 51 54 59 61 60 60 – 57 60 66 68 69 69 –

14M 2100 .10 45 48 52 49 46 45 – 52 56 61 60 58 57 – 54 57 64 65 64 63 – 59 63 68 70 70 70 20

2600 .15 52 55 58 56 53 51 – 55 59 64 63 61 59 – 57 61 68 68 66 65 – 62 65 70 74 74 74 24

2000 .05 40 43 46 43 40 38 – 51 54 59 58 57 55 – 52 55 60 61 61 60 – 59 63 68 70 70 70 –

16M 2600 .08 47 50 53 50 47 45 – 54 58 63 62 60 59 – 55 58 64 65 64 63 – 61 65 70 73 73 73 21

3200 .12 53 56 60 57 54 52 – 56 61 66 65 64 61 – 58 62 67 68 67 65 – 64 67 72 75 76 76 25

2600 .06 42 46 49 47 43 41 – 52 56 61 60 59 57 – 55 58 63 65 64 64 – 60 64 69 72 72 72 24

18M 3300 .10 49 52 56 54 49 48 – 56 60 65 64 63 62 – 58 61 67 68 67 66 – 63 66 72 75 75 75 27

4000 .13 56 59 63 60 57 55 – 59 63 68 67 65 63 – 62 65 69 71 69 68 – 66 69 75 77 78 78 28

3400 .06 44 47 50 48 45 44 – 54 59 63 62 61 60 – 56 59 66 67 66 65 – 62 66 72 75 75 75 27

20M 4200 .10 52 55 58 56 52 49 – 58 63 66 65 64 63 – 60 64 69 70 69 68 22 65 69 74 77 77 77 30

4800 .13 57 61 65 62 58 57 – 62 66 70 69 68 66 20 64 66 72 74 71 70 24 67 71 77 79 79 79 32

PERFORMANCE NOTES:
1) Test data obtained in accordance with ARI/ADC Test

Standard 880.
2) Data is raw, without any corrections for room absorption,

duct attenuation, multiple diffuser splits, etc.
3) Sound data listed is within ARI tolerances shown in the

following table:

Band 2 3 4 5 6 7
Hz 125 250 500 1000 2000 4000

dB 6 4 3 3 3 3

4) “∆PS” is the difference in static pressure from inlet to
discharge, in. WC.

5) “–” indicates an NC level less than 20.
6) Discharge NC levels are based on the following:

a) 10 dB room absorption
b) 5 feet of rectangular lined duct
c) 5 feet of standard flex duct
d) end reflection
e) flow division
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ELECTRIC HEATING COILS
SINGLE DUCT THROTTLING UNIT

Standard Heater Features for Terminal Units
with Electric Controls:
• Automatic Reset Thermal Cutout
• Backup Thermal Cutout
• De-energizing Magnetic Contactors
• Transformer for 24 Volt Controls
• Power Terminal Block

Standard Heater Features for Terminal Units
with Pneumatic Controls:
• Automatic Reset Thermal Cutout
• Backup Thermal Cutout
• Pneumatic Electric Switches
• Power Terminal Block

Optional Features:
• Air Flow Switches
• Disconnect Switch
• Magnetic Disconnecting Contactors
• Mercury De-energizing Contactors
• Mercury Disconnecting Contactors
• Fusing
• SCR Controls

DESCRIPTION
As an industry leader in open-coil electric

heating technology, Warren now offers that same
technology in heaters designed for VAV applica-
tions. Warren heaters provide maximum versa-
tility and dependability. Elements are computer
selected using the “Calculated Wire Temperature
Method” to ensure that exact electrical and heat
characteristics are achieved. Coupled with the
laminar air flow of the patented Zebra® precision
damper, Quiet Plus® VAV units assure optimum
heater element performance, even at minimum
airflow settings. A broad range of control options
and accessories is available, allowing customi-
zation of VAV heat operation.

UNIQUE ELEMENT DESIGN
Warren’s design criteria for heating element

selection is based on actual element operating
temperature.

Warren selects all elements using its exclu-
sive “Calculated Wire Temperature Method”. This
method ensures that the elements operate with-

in the designed electrical and temperature re-
quirements, and do not exceed the melting point
of the alloy, even in still, free air.

This method allows Warren to determine the
exact operating temperature of the heater ele-
ments. The elements are designed to operate
below the maximum allowable temperature
recommended by the element alloy manufac-
turer. This process eliminates most problems
associated with hot spots in heaters caused by
poor air distribution.

This method of design has resulted in a near
zero failure rate for units properly installed in the
field over the past two decades.

COMPUTERIZED SELECTION
Our computer selection program, developed

after years of research, ensures that Warren
heaters can meet an infinite number of size
and voltage requirements. Exact performance
and life expectancy of the element can be deter-
mined under specific conditions.
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ELECTRIC HEATING COILS
SINGLE DUCT THROTTLING UNIT

ELEMENT SUPPORT SYSTEM
Warren utilizes a patented element support

system that permits the ceramic insulators to
expand and contract freely without cracking or
breaking. Ceramic insulators are made of high
grade refractory materials.

CONSTRUCTION
Warren employs the most modern technology

available in the industry to construct the heater
frames and boxes. All heaters are produced from
standard components incorporated in an exclu-
sive modular design. All frames and boxes are
constructed of heavy gauge, galvanized steel.
The frame is integrally mounted to the control
box, providing solid one-piece construction for
ease of installation.

SELECTION & DESIGN
Quiet Plus® electric heaters are custom-

designed for each terminal unit’s specific combi-
nation of airflow, heating capacity, entering air
temperature, free area velocity, max operating
temperature (or de-rating factor), number of
control steps, air density, and electrical charac-
teristics. The selection process is simplified, since
only the max heating capacity must be checked.
The air-side pressure drop is a function of all the
factors above, and is so low for all applications
that only a rough approximation is required for
application-design purposes. Therefore, a few
simple formulae suffice for coil selection.

PERMANENT ELECTRONIC FILE
A permanent electronic file for each control

panel is made and retained for future reference.
Having this record on file allows Warren to pro-
duce identical heaters at a later date, offer precise
engineering assistance to the installing contrac-
tor and service personnel, and supply replace-
ment parts identical to those originally furnished.
This feature is offered exclusively by Warren.

ENGINEERING DATA

General:

1. Conversion: 1 kW = 3413 BTU/hr
2. Load Req: kW = CFM x ∆°F / 3160
3. Watts = Volts x Amps = Volts2 / Ohms
4. 1-phase Amps = Watts / Volts
5. 3-phase Amps = Watts / (Volts x 1.73)

Coil-Specific:

6. Max Allowed kW = Htg CFM / 70
7. Air ∆P in. WC = 0.08 x Htg CFM / Clg CFM

EXAMPLE
Heating CFM = 850, Cooling CFM = 1700,
Temp Rise = 25°F, Volts/phase = 240V/3ph

Load: 850 CFM x 25°F / 3160 = 6.7 kW
Current: 6700 W / (240 V x 1.73) = 16.1 A

Max kW Allowed: 850 CFM / 70 = 12.1 kW
Pressure Loss: 0.08 x 850 / 1700 = 0.04 in. WC

SAMPLE SPECIFICATION
• Electric Duct Heaters shall be open coil type as manufactured by Warren Technology. Voltage, kW,

size, number of steps, and accessories shall be as shown. Units shall be UL listed for zero clearance
and meet all applicable requirements of the latest National Electric Code and ANSI standards.

• Heating elements shall be high grade nickel-chrome. Element temperatures shall not exceed 400°F
below the melting point of the element alloy when energized with design voltage in still, free air at 75°F.

• Heater frames and control boxes shall be constructed of 20 gauge galvanized steel or heavier. Frames
shall be hot dipped galvanized after fabrication if spot welds are used.

• Mounting assemblies for the element support insulators shall pass between the insulators permitting
free expansion of the insulators under high temperature conditions without cracking or breaking.

• Each heater shall have its load divided into equal steps as shown. All necessary controls for recycling
shall be provided in heaters of more than 48 amps.


