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INTRODUCTION

The Modulin€ air terminal (Fig. 1) is a truly flexible unit
for the control and distribution of conditioned air to the oc-
cupied space. Available in 3 airflow sizes for single or mul-
tiple terminal installation, it is adaptable to a variety of

Fig. 1 — Moduline Air Terminal
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ceiling designs and building control systems. Modffite-
minals installed in modular ceilings can be moved easily when
tenant requirements change, and the quiet, linear slot distri-
bution integrates well in most commercial ceilings. Figure 2
shows a 37HS Moduline unit with variable air volume (VAV)
controls.

The basic Moduline terminal control system is system pow-
ered; the distribution duct pressure provides the energy to
operate the devices that control all the units in the system.
This system can be thought of as reactive. The control reacts
to changes in occupied space conditions and to changes in
supply duct airflow and pressure, and adjusts the unit valve
to maintain preset airflow or flow proportional to the room
load.

It is also possible to apply directive controls, both pneu-
matic and electric, to the Moduline terminal. In these ap-
plications, the Moduline control system is still system pow-
ered. The difference is that now the space can be controlled
by other sensors and devices, replacing the reactive control
devices.

This application data book provides design guidance for
layout of a Moduline system. All aspects of the unit appli-
cation are included: Unit layout, control location, control

Fig. 2 — 37HS Unit With VAV Controls

characteristics, control system options and air distribution
characteristics. This book covers both system-powered con-
trol and system-powered with electric or pneumatic inter-
face controls. Application information for Carrier’s electronic
Product Integrated Controls (PIC) can be found in a separate
publication. (Moduline units with PIC controls can be con-
trolled as part of the Carrier Comfort Network [CCN] sys-
tem.) Sound power levels and sound application data are found
in the 37HS Sound Application Data book. Specific mount-
ing and installation data is found in the 37HS Installation,
Start-Up and Service instructions or, for PIC units, in the
37HC Installation, Start-Up and Service Instructions.

BUILDING LOAD CALCULATION

Cooling — In order to select Moduline equipment and
lay out the building air distribution system, it is first nec-
essary to calculate the building cooling and heating loads
which the Moduline terminals will offset.

The first step is to determine the complete “block” load
for the building in order to size the fan, cooling equipment
and trunk duct. This estimate is for the month and hour of
greatest total building load. (See Fig. 3.)

The next step is to estimate each zone load (sensible heat
only). These are used to size the terminals and run-out ducts.
The zone peak load estimates are for different months and
hours, depending on zone window orientation. (See
Fig. 4.)

These calculations are made for a building which will uti-
lize Moduline units in both perimeter and interior spaces.
The Moduline system supplies all building cooling. The heat-
ing system is described on page 20.

The object of making these load estimates is to arrive at
the required air volumes, so that the system can be designed
and equipment selected.

The airflow through a variable volume system is con-
stantly changing in response to the changes in the building
cooling loads. At any one moment the airflow to each tem-
perature control zone is determined by the room sensible heat
cooling load (RSH), the supply air temperaturegd )
and the room thermostat settinggT ), as shown in the fol-
lowing equation:

RSH
Zone cfm =
1.09* (TR - T sA

*1.09 is constant in this formula.

The fan airflow at the same moment is the sum of all the
zone airflow rates. (Duct leakage is assumed to be negligible
because of the high quality duct construction required by VAV
systems.)
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Fig. 4 — Floor Plan of Typical Zones
for Single-Story Office Building

LOAD CONSIDERATIONS

Lighting — Even though lighting loads (Watts/sq ft) are con-
siderably lower in today’s buildings, the lighting is by far
the largest load component.

It is necessary, therefore, to pay close attention to getting
an accurate estimate of the lighting requirements.

In estimating the lighting load, special consideration should
be given to evaluating storage effect and the performance of
return air ceiling plenums. Both of these items reduce the
peak room load from lights and delay the time at which the
stored heat becomes a load on the central equipment.

Oversizing — Oversizing of variable volume systems re-
sults in unused equipment capacity and worse performance
at part load, not in increased system airflow. Botual sys-

tem operation will reflect thactualsystem load, not the de-
sign load. If conservative data, safety factors, or provision
for future loads are included in the design estimate, the ac-
tual system airflow wilhotbe increased. The equipment will
be capable of handling an increased load should it ever ex-
ist, but will automatically throttle back to handle only the
actual load at that moment.

It is recommended that safety factors not be included in
load calculations; they are not included in the following method.

Air Motion, Ventilation and Odor Dilution — Air motion,
ventilation, and odor dilution deserve special attention in the
design of a VAV system. The designer must visualize the
correct system operating condition in order to evaluate the
adequacy of these items at either full or part-load cooling
conditions, or during the heating season.

Room air motion is determined by the supply air quantity
and the diffuser induction ratio. The minimum room air ve-
locity is higher if building humidity and temperature are higher.
The design cfm at peak cooling load in any zone should be
not less than the minimum shown below:

DESIRED DESIGN CFM
ROOM TEMPERATURE AT PEAK COOLING
F) (cfm/sq ft)
78 0.7
75 0.4

These minimums are based on using the Carrier Modu-
line diffuser, which has very high performance; competitive
diffusers require a higher cfm/sq ft.

The outside air cfm requirement at maximum design con-
ditions may be determined by local building code. If the out-
side air cfm to the central air handler is adequate to maintain
a low overall building odor level, the odor level in a par-
ticular space will depend upon the odors generated locally in
that space and the supply airflow to that space. A space with
high odor generation (a conference room with much smok-
ing) should be provided with a separate exhaust system to
increase the air flow through the space for odor dilution. The
only way to increase the VAV airflow to that space would be
to add reheat to increase the room sensible heat, which is
unacceptable from an energy conservation standpoint.

The following odor dilution cfm (either VAV supply or
supplemental exhaust cfm) is usually adequate:

Private or General Office — 0.25 cfm/sq ft
Major Conference Room — 1.0 cfm/sq ft



Supply Air Temperature — In systems using draw-thru air
handling units and high induction Carrier Modulfhgermi-

nal units, the acceptable range of supply air temperatures at
the terminals is from 50 to 54 F. The cooling coil ADP (Ap-
paratus Dew Point) will be from 3 to 5° F lower than the
supply air temperature, due to allowance for coil bypass, fan
heat and duct gain.

The system installed cost for ductwork, central air han-
dler, and VAV terminals will be greater if the air quantity is
higher because of the designer’s choice of a higher supply
air temperature. The increased fan air quantity will result in
higher fan operating cost, which may be offset by the lower
cost of operating the refrigeration system at a higher suction
temperature. The higher coil surface temperature (ADP) of
the system will result in a higher building humidity, which
will be less comfortable and require greater ventilation air.

An unduly low choice of supply air temperature may
result in unacceptably low room air motion in interior zones
with low lighting levels, and in unnecessarily low
humidity.

The same supply air temperature must be used for the zone
load and block load estimates.

Load Calculating Methods — The cooling load estimates can
be made very accurately and quickly using the Carrier E20-II
Block Load program.

Because of the computer’s speed, it is not necessary to
compromise the design procedure to obtain the most accu-
rate result. The optimum design procedure listed here as-
sumes the use of the E20-II program, and may require “short
cuts” when using manual methods.

While the E-20 program is the most convenient and rapid
method of load calculation, other methods will also provide
the required results. In particular, Carrier multi-room load
estimating form E-5056 is available for this purpose.

DESIGN PROCEDURE (with example)

Data Collection — Our example uses Cincinnati, Ohio as a
representative city. The building is a one-story office build-
ing with 11,250 sq ft. The building layout is shown in
Fig. 4 on page 3.

1. Using the E20-Il Block Load Program, select Cincinnati
for its weather data. The WEATHER PARAMETERS print-
out shown on pages 5 and 6 shows the weather data used
for the load estimating calculations.

2. The next step is to gather data on the building, including
dimensions, construction materials used, internal load pat-
terns (such as lighting levels) and the building orienta-
tion. For our example, we have divided the building into
nine zones. The actual building has ten zones on its north
exposure, but we've grouped them all into a single zone
because zones on the same exposure tend to have similar
load patterns. Similarly, the ten south exposure zones have
been grouped into a single zone, and the four east and
west zones have been combined into single east and west
zones respectively.

Pages 7-15 contain the ZONE DESCRIPTION printouts
for each of the nine zones.

3. The final input step is to select an initial set of system
design data, including the cooling and heating set points,
the supply air temperature (or supply airflow rate, if that
is known) and the fan static pressure. This system design
data will, of course, be directly influenced by the actual
central station equipment, be it packaged or applied.

Page 16 shows the HVAC SYSTEM DATA printout which
lists the system design data we've selected for this
example.

Load Calculations — With the input data from Step 1, the
Block Load Program calculates the building loads for each
month of the year to find the largest load on the building’s
air conditioning system. Typically, this will occur during the
middle or late afternoon hours in July or August. The
SYSTEM SIZING SUMMARY printout shown on pages 17
and 18 provides both the cooling and heating equipment siz-
ing data. At the same time, it provides the maximum cooling
load, maximum heating load and design airflow rate for each
zone in the building. Notice that each zone may peak at a
month and hour different from that at which the HVAC sys-
tem peaks. The detailed system load report is shown on
page 19.




WEATHER PARAMETERS
City Name : Cincinnati
location : Ohio Block Load v2.01

Prepared By: Software Systems Network Page 1 of 2
*************************************************************************

TABLE 1. DESIGN PARAMETERS

-——-————----_-——————-————-_-—-__—__-——-_—-————--—————-——-_—————--——_-————

City Name...eceeeeesecesenseessassssst Cincinnati

1OCALION. vt eveeeeneecasossseassseasss Ohio
Latitude..ceeeerecceesceccoonnoscsosnanst 39.2 deg
Elevation..ceeeeeeseeecessccsosssnannest 761.0 ft
Summer Design Dry Bulb Temp.....ceces 92.0 F
Summer Coincident Wet Bulb Temp......: 73.0 F
Daily Temperature Range.......ceeeeee? 21.0 F
Winter Design Dry Bulb Temp.....cc...3 1.0 F
Atmospheric Clearness Number.........: 0.95

TABLE 2. MAXIMUM DAILY SOLAR HEAT GAINS (BTU/hr/sqft)

Month | NE E SE s SW W NW N Hor
Jan 19.0 148.5 230.5 241.4 230.5 148.5 192.0 19.0 130.6
Feb 49.0 178.3 233.9 227.3 233.9 178.3 49.0 23.1 174.7
Mar 90.0 207.8 223.5 193.3 223.5 207.8 90.0 27.7 214.5
Apr 133.9 212.9 191.5 142.9 191.5 212.9 133.9 32.2 241.2
May 157.3 209.0 164.0 103.1 164.0 209.0 157.3 35.4 253.2
Jun 164.1 204.7 150.9 87.0 150.9 204.7 164.1 45.1 255.2
Jul 155.0 204.9 159.9 100.1 159.9 204.9 155.0 36.2 250.2
Aug 129.0 205.4 184.8 138.1 184.8 205.4 129.0 33.8 236.8
Sep 84.4 195.8 214.0 187.6 214.0 195.8 84.4 28.8 207.4
Oct 48,0 172.2 226.4 220.6 226.4 172.2 48.0 23.9 171.6
Nov 19.3 145.9 226.6 237.6 226.6 145.9 19.3 19.3 130.0
Dec 17.1 131.7 222.7 241.0 222.7 131.7 17.1 17.1 111.6




WEATHER PARAMETERS

City Name Cincinnati

04-

02-91

Location : Ohio Block Load v2.01
Page 2 of 2
*************************************************************************

Prepared By: Software Systems Network
TABLE 3. COOLING DESIGN TEMPERATURE PROFILES (DB/WB in F)

January February March April May

- e - ——— - —— - - S W - G D S G D e - e S - G W T b D S D WD D D e S G e s

36.0/ 35.5 40.0/ 39.5 51.2/ 50.7 61.2/ 58.9 70.2/ 64.3

43.0/ 42.5 47.0/ 46.5 58.2/ 57.2 68.2/ 61.3 77.2/ 66.5

47.8/ 45.0 51.8/ 50.0 63.0/ 59.0 73.0/ 63.0 82.0/ 68.0
47.27 44.7 51.2/ 49.7 62.4/ 58.8 72.4/ 62.8 81l.4/ 67.8
45.7/ 44.0 49.7/ 49.1 60.9/ 58.2 70.9/ 62.3 79.9/ 67.4
43.47 42.9 47.4/ 46.9 58.6/ 57.4 68.6/ 61.5 77.6/ 66.6
40.7/ 40.2 44.7/ 44.2 55.9/ 55.4 65.9/ 60.5 74.9/ 65.8
37.9/ 37.4 41.9/ 41.4 53.1/ 52.6 63.1/ 59.5 72.1/ 64.9
35.6/ 35.1 39.6/ 39.1 50.8/ 50.3 60.8/ 58.7 69.8/ 64.1
33.5/ 33.0 37.5/ 37.0 48.7/ 48.2 58.7/ 57.9 67.7/ 63.4
31.8/ 31.3 35.8/ 35.3 47.0/ 46.5 57.0/ 56.5 66.0/ 62.9

70.8
70.4
69.7
68.9
68.1
67.4
66.7
66.2

71.0/ 66.9 71.0/ 66.9 65.0/ 63.4 55.0/ 54.5 44.8/ 44.3

74.4/ 67.9 74.4/ 67.9 68.4/ 64.5 58.4/ 57.9 48.2/ 47.7

87.2/ 71.7 87.2/ 71.7 81.2/ 68.6 71.2/ 63.4 61.0/ 57.2

79.8/ 69.5 79.8/ 69.5 73.8/ 66.3 63.8/ 60.9 53.6/ 53.1

76.0/ 68.4 76.0/ 68.4 70.0/ 65.1 60.0/ 59.5 49.8/ 49.3



ZONE DESCRIPTION FOR North Zone
Prepared By : Software Systems Network 04-02-91

Block Load Program v2.01 Page 1 of 1
kkkkkkhhkhkhkhkhhhkhhhhkhkhkhkhhkhkhkhhhkhhkkhhhhhkhhkhdhdkhkhkhddkhhhhdhkdkhhrhdhhhrkhdkhhidx

TABLE 1. GENERAL ZONE DATA

GENERAL ZONE DATA PEOPLE
Floor Area : 1562.0 sgft sgft/person : 156.2 sgft/per
Building Welght. M Unocc Diversity: 0 %
Exposures : N, E, S, W Activity Level : Office Work
Are Multiple : Sensible Gain : 245.0 BTU/hr/per
Wall, Roof, Latent Gain : 205.0 BTU/hr/per
or Glass MISCELLANEOUS LOADS
Types Used ? N Sensible : 0 BTU/hr
No. Partitions : 0 Latent : 0 BTU/hr
LIGHTING Unocc Diversity: 0 %
W/sqft : 1.50 W/sqgft INFILTRATION
Unocc Diversity: 10 % Cooling : 0.05 CFM/sqft
Wattage Mult. : 1.00 Heating : 0.10 CFM/sqft
Fixture Type : Recessed, Vented SLAB
OTHER ELECTRIC Area : 1562 sqft
W/sqft : 0.25 W/sqft Perimeter ) 125 ft
Unocc Diversity: 0 % Depth : 0.00 ft

Hh kKRR RRKRRK IR ARk kkkhhhhhhhhhhhhhhhhhhdhdhhhhhhhhhhhhhhhhhhkhkhkhhchhkhrrk*
TABLE 2. WALL, ROOF AND GLASS DATA

[ WALL | ROOF | GLASS
U-Value (BTU/hr/sqft/F) 0.120 0.080 U-Value 0.550
Weight (lb/sqft) 30 L Glass Factor 0.63
Color M D Int. Shades ? Y
EXTERNAL SHADING DATA Overhang Height = 0.0 in
Window Height = 8.0 ft Overhang Extension = 0.0 in
Window Width = 4.0 ft Fin Separation = 0.0 in
Reveal Depth = 0.0 in Fin Extension = 0.0 in

Gross Area Glass Area

Exposure (sqft) (sqft)
E Wall 0.0 0.0
S wall 0.0 0.0
W Wall 0.0 0.0

Wall 1,625.0 90.0
Roof (Hor) 1,562.0 0.0

**************************************************************************



ZONE DESCRIPTION FOR East Zone
Prepared By : Software Systems Network 04-02-91

Block Load Program v2.01l Page 1 of 1
**************************************************************************

TABLE 1. GENERAL ZONE DATA

@ —— —— — - —— T —— ——— - " 4 > = = . — S T S SR G S N S T S G G S S S G S S S S D D S M e e e e e S S S

GENERAL ZONE DATA PEOPLE
Floor Area : 625.0 sqft sqft/person : 156.2 sgft/per
Building Weight: M Unocc Diversity: 0 %
Exposures : N, E, S, W Activity Level : Office Work
Are Multiple Sensible Gain : 245.0 BTU/hr/per
Wall, Roof, Latent Gain : 205.0 BTU/hr/per
or Glass MISCELLANEOUS LOADS
Types Used ? N Sensible : 0 BTU/hr
No. Partitions : 0 Latent : 0 BTU/hr
LIGHTING Unocc Diversity: 0 %
W/sqft : 1.50 W/sqft INFILTRATION
Unocc Diversity: 10 % Cooling : 0.05 CFM/sqgft
Wattage Mult. : 1.00 Heating : 0.10 CFM/sqft
Fixture Type : Recessed, Vented SLAB
OTHER ELECTRIC Area : 625 sqgft
W/sqft : 0.25 W/sqgft Perimeter : 50 ft
Unocc Diversity: 0 % Depth : 0.00 ft

kkkhkkhhkkhkhhhkhkhhkhkhhkhkhhhhkhkhhhhhhhhkhrhrkhdhhhrhhhkhhhhrhhkkdhhhrdbhbhkhk
TABLE 2. WALL, ROOF AND GLASS DATA

| WALL | ROOF | GLASS
U-Value (BTU/hr/sqft/F) 0.120 0.080 U-Value 0.550
Weight (lb/sqft) 30 L Glass Factor 0.63
Color M D Int. Shades ? Y
EXTERNAL SHADING DATA overhang Height = 0.0 in
Window Height = 8.0 ft overhang Extension = 0.0 in
Window Width = 4.0 ft Fin Separation = 0.0 in
Reveal Depth = 0.0 in Fin Extension = 0.0 in

Gross Area Glass Area

Exposure (sqgft) (sqft)
E Wwall 650.0 36.0
S Wall 0.0 0.0
W Wall 0.0 0.0
N Wall 0.0 0.0
Roof (Hor) - 625.0 0.0
Kk khkhkhkkkkkkhkkkkhkhhkkkdhkhkrhkrhhrrhrrrkhhhkhhhhhrhhkhkhhkkdkhkkkhkhkhrhhhhkdrrhrk



ZONE DESCRIPTION FOR South Zone
Prepared By : Software Systems Network 04-02-91

Block Load Program v2.0l Page 1 of 1
**************************************************************************

TABLE 1. GENERAL ZONE DATA
ZONE NAME = South Zone
GENERAL ZONE DATA PEOPLE
Floor Area : 1562.0 sqft sqft/person : 156.2 sqft/per
Building Weight: M Unocc Diversity: 0 %
Exposures : N, E, S, W Activity Level : Office Work
Are Multiple Sensible Gain : 245.0 BTU/hr/per
Wall, Roof, Latent Gain : 205.0 BTU/hr/per
or Glass MISCELLANEOUS LOADS
Types Used ? N Sensible : 0 BTU/hr
No. Partitions : 0 Latent : 0 BTU/hr
LIGHTING Unocc Diversity: 0 %
W/sqft : 1.50 W/sqgft INFILTRATION
Unocc Diversity: 10 % Cooling : 0.05 CFM/sqgft
Wattage Mult. : 1.00 Heating : 0.10 CFM/sqgft
Fixture Type : Recessed, Vented SLAB
OTHER ELECTRIC Area : 1562 sqft
W/sqgft : 0.25 W/sgft Perimeter : 125 ft
Unocc Diversity: - 0% Depth : 0.00 ft

Sk kkkhhdhkhhhhhkhhhhhkkhhhhhkhhhhkhhhhkdhhhhhhhkhkhhdhhkhhhkhhhhkkhkkkhhhrhhd
TABLE 2. WALL, ROOF AND GLASS DATA

| WALL | ROOF | GLASS

U-vValue (BTU/hr/sqft/F) 0.120 0.080 U-Value 0.550
Weight (1lb/sqft) 30 L Glass Factor 0.63
Color M D Int. Shades ? Y
EXTERNAL SHADING DATA overhang Height = 0.0 in
Window Height = 8.0 ft Overhang Extension = 0.0 in
Window Width = 4.0 ft Fin Separation = 0.0 in
Reveal Depth = 0.0 in Fin Extension = 0.0 in

Gross Area Glass Area

Exposure (sqft) (sqft)

E Wall 0.0 0.0

S Wall 1,625.0 90.0

W Wall 0.0 0.0

N Wwall 0.0 0.0

Roof (Hor) 1,562.0 0.0
**************************************************************************



ZONE DESCRIPTION FOR West Zone
Prepared By : Software Systems Network 04-02-91
Block Load Program v2.01 Page 1 of 1
**************************************************************************

TABLE 1. GENERAL ZONE DATA

— " ———— . T - — T — T —— — - W - - ——— T T G P S - - — -

GENERAL ZONE DATA PEOPLE
Floor Area : 625.0 sqgft sqft/person : 156.2 sqft/per
Building Weight: M Unocc Diversity: 0 %
Exposures : N, E, S, W Activity Level : Office Work
Are Multiple Sensible Gain : 245.0 BTU/hr/per
Wall, Roof, Latent Gain : 205.0 BTU/hr/per
or Glass MISCELLANEOUS LOADS
Types Used ? N Sensible : 0 BTU/hr
No. Partitions : 0 Latent : 0 BTU/hr
LIGHTING Unocc Diversity: 0 %
W/sqft : 1.50 W/sqft INFILTRATION
Unocc Diversity: 10 % Cooling : 0.05 CFM/sgft
Wattage Mult. : 1.00 Heating : 0.10 CFM/sqft
Fixture Type : Recessed, Vented SLAB
OTHER ELECTRIC Area : 625 sqft
W/sqft : 0.25 W/sqft Perimeter : 50 ft
Unocc Diversity: 0 % Depth : 0.00 ft

dkkkdkkhhhkkk bk khkhkdkkkdkhhhhhhhkkhhkhkhkhhhhhhhhkhhhhhhdkohhhhddhhhrhhkddhhhhkk
TABLE 2. WALL, ROOF AND GLASS DATA

| WALL | ROOF | GLASS
U-Value (BTU/hr/sqft/F) 0.120 0.080 U-Value 0.550
Weight (lb/sqgft) 30 L Glass Factor 0.63
Color M D Int. Shades ? Y
EXTERNAL SHADING DATA Overhang Height = 0.0 in
Window Height = 8.0 ft Overhang Extension = 0.0 in
Window Width = 4.0 ft Fin Separation = 0.0 in
Reveal Depth = 0.0 in Fin Extension = 0.0 in

Gross Area Glass Area

Exposure (sqft) (sqft)
E Wall 0.0 0.0
S Wall 0.0 0.0
W Wall 650.0 36.0
N Wall 0.0 0.0
Roof (Hor) 625.0 0.0

Khkkhkhkhhhhkhkhkdhkhkhkhhhhkhhhhhhkhkkhkhkhhhhhrhrrrhkhkhhhhhkhhhkhkhhkhdkkhkrhkkhkhkhhhrrrhhhhk
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ZONE DESCRIPTION FOR Northeast Zone
Prepared By : Software Systems Network 04-02-91

Block Load Program v2.01 Page 1 of 1
kkkkkhkhhkhkkhkkkkhkhkhkhkdhkhkkhkhkkhkhkkkhdkhhkhkkhkkhkhkhkhhkhkhkhkhkhkhkhhkhkhkkkhhhkhhhhkhhkhkkkkkk

TABLE 1. GENERAL ZONE DATA
ZONE NAME = Northeast Zone
GENERAL ZONE DATA PEOPLE
Floor Area : 156.0 sqgft sqft/person : 156.0 sgft/per
Building Weight: M Unocc Diversity: 0 %
Exposures : N, E, 8, W Activity Level : Office Work
Are Multiple Sensible Gain : 245.0 BTU/hr/per
Wall, Roof, Latent Gain : 205.0 BTU/hr/per
or Glass MISCELLANEOUS LOADS
Types Used ? N Sensible : 0 BTU/hr
No. Partitions : 0 Latent : 0 BTU/hr
LIGHTING Unocc Diversity: 0 %
W/sqft : 1.25 W/sqgft INFILTRATION
Unocc Diversity: 10 % Cooling : 0.05 CFM/sqft
Wattage Mult. : 1.00 Heating : 0.10 CFM/sqgft
Fixture Type ¢ Recessed, Vented SLAB
OTHER ELECTRIC Area : 156 sqft
W/sqft : 0.25 W/sqft Perimeter : 12 ft
Unocc Diversity: 0 % Depth : 0.00 ft

khkkkkhhdhhkhhhkhhhkhkhhhhhhkhhhhkhhhkhkdhhhhrhkhrhhhrbhhhrhhhhkhkkhhkhdhhkdhhhhkhrkhkkk

TABLE 2. WALL, ROOF AND GLASS DATA
| WALL | ROOF | GLASS
U-Value (BTU/hr/sqft/F) 0.120 0.080 U-Value 0.550
Weight (1lb/sqft) 30 L Glass Factor 0.63
Color M D Int. Shades ? Y
EXTERNAL SHADING DATA Overhang Height = 0.0 in
Window Height = 8.0 ft Overhang Extension = 0.0 in
Window Width = 4.0 ft Fin Separation L= 0.0 in
Reveal Depth = 0.0 in Fin Extension = 0.0 in

Glass Area

Exposure (sqft) (sqft)

E Wall 162.5 9.0

S Wall 0.0 0.0

W Wall 0.0 0.0

N WwWall 162.5 9.0

Roof (Hor) 156.0 0.0
**************************************************************************
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ZONE DESCRIPTION FOR Southeast Zone
Prepared By : Software Systems Network 04-02-91

Block Load Program v2.01 Page 1 of 1
kkkhkhkhkhhkhhrkhhkkhkhhhhkhhhhhkhhhkhhkhkhhhhkhkhkhkhkhhkhhhhkhhkhhkhkhhkhkkhkhhkhhkhkhkhhhdkhkkkik

TABLE 1. GENERAL ZONE DATA
ZONE NAME = Southeast Zone
GENERAL ZONE DATA PEOPLE
Floor Area : 156.0 sqft sqft/person : 156.0 sqft/per
Building Weight: M Unocc Diversity: 0 %
Exposures : N, E, S, W Activity Level : Office Work
Are Multiple Sensible Gain : 245.0 BTU/hr/per
Wall, Roof, Latent Gain : 205.0 BTU/hr/per
or Glass MISCELLANEOUS LOADS
Types Used ? N Sensible : 0 BTU/hr
No. Partitions : 0 Latent : 0 BTU/hr
LIGHTING Unocc Diversity: 0 %
W/sqft : 1.25 W/sqft INFILTRATION
Unocc Diversity: 10 % Cooling : 0.05 CFM/sqft
Wattage Mult. : 1.00 Heating : 0.10 CFM/sqft
Fixture Type : Recessed, Vented SLAB
OTHER ELECTRIC Area : 156 sqgft
W/sqft : 0.25 W/sqgft Perimeter : 12 ft
Unocc Diversity: 0 % Depth : 0.00 ft

hhkkhkkhkhkkkhkhkhkhkhkhkhkhkhkhkhkkhkhkhhhhhkhkkhkkhhhhhkhkhhkhhhhhkhhhkhhhkhhhhhhkkkhhkhhkhhkhhx

TABLE 2. WALL, ROOF AND GLASS DATA
| WALL | ROOF | GLASS

U-Value (BTU/hr/sqft/F) 0.120 0.080 U-Value 0.550
Weight (1lb/sqft) 30 L Glass Factor 0.63
Color M D Int. Shades ? Y
EXTERNAL SHADING DATA overhang Height = 0.0 in
Window Height = 8.0 ft Overhang Extension = 0.0 in
Window Width = 4.0 ft Fin Separation = 0.0 in
Reveal Depth = 0.0 1in Fin Extension = 0.0 in

Gross Area Glass Area

Exposure (sqft) (sqft)

E Wwall 162.5 9.0

S Wwall 162.5 9.0

W Wall 0.0 0.0

N Wall 0.0 0.0

Roof (Hor) 156.0 0.0
khkdkkkhkhkhkhkhkhkdhkkhhkhkhhkhhhkhhdhhkhkhhhhkhhkkhhkdrhkhhkkhhkhkhkhhkkhkkhhhkhkhhhkhkhkhhkhkhkhhkhkkhkkdhk

12



ZONE DESCRIPTION FOR Southwest Zone
Prepared By : Software Systems Network 04-02-91

Block Load Program v2.01l Page 1 of 1
**************************************************************************

TABLE 1. GENERAL ZONE DATA

__-_-—__...____————-—————_-—_———--_——__——-—_————-——————_——_—-——-—_---——_—-——

—_—_——..—__._—-————————_—-————————-_—_—--—-—--——_——-————-————_—_——_——_—————_—

GENERAL ZONE DATA PEOPLE
Floor Area : 156.0 sqft sqft/person : 156.0 sqft/per
Building Weight: M Unocc Diversity: 0 %
Exposures : N, E, S, W Activity Level : Office Work
Are Multiple Sensible Gain 245.0 BTU/hr/per
Wall, Roof, Latent Gain : 205.0 BTU/hr/per
or Glass MISCELLANEOUS LOADS
Types Used ? N Sensible : 0 BTU/hr
No. Partitions : 0 Latent : 0 BTU/hr
LIGHTING Unocc Diversity: 0 %
W/sqft : 1.25 W/sqft INFILTRATION
Unocc Diversity: 10 % Cooling : 0.05 CFM/sqft
Wattage Mult. : 1.00 Heating : 0.10 CFM/sqgft
Fixture Type : Recessed, Vented SLAB
OTHER ELECTRIC Area : 156 sqgft
W/sqft : 0.25 W/sqgft Perimeter : 12 ft
Unocc Diversity: 0 % Depth : 0.00 ft

dkk ok kkkkkhkkh kA hhhk kR kA Ik kkhhkxhhkhhkhhhkhhhhhhhkhhkhhkhhkdhhhekkhhkhik
TABLE 2. WALL, ROOF AND GLASS DATA

_._—__—__-—_-—__-—_-—__-_————-—_-———-_--———————_—_—_——-——-—————_-—_-—---—.——

| WALL | ROOF | GLASS
U-Value (BTU/hr/sqft/F) 0.120 0.080 U-Value 0.550
Weight (1lb/sqft) 30 L Glass Factor 0.63
Color M D Int. Shades ? Y
EXTERNAL SHADING DATA Ooverhang Height = 0.0 in
Window Height = 8.0 ft overhang Extension = 0.0 in
Window Width = 4.0 ft Fin Separation = 0.0 in
Reveal Depth = 0.0 in Fin Extension = 0.0 in

—___.-___—__-—__-_..——__-—_-——__-—_———_—_-—._--_—-——----—-————---————-——-—_——

Gross Area Glass Area

Exposure (sqgft) (sqft)

E Wwall 0.0 0.0

S Wall 162.5 9.0

W Wall 162.5 9.0

N Wall 0.0 0.0

Roof (Hor) 156.0 0.0
**************************************************************************
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ZONE DESCRIPTION FOR Northwest Zone
Prepared By : Software Systems Network 04-02-91
Block Load Program v2.01 Page 1 of 1
**************************************************************************

TABLE 1. GENERAL ZONE DATA

GENERAL ZONE DATA PEOPLE
Floor Area : 156.0 sqgft sqft/person : 156.0 sqft/per
Building Weight: M Unocc Diversity: 0 3%
Exposures : N, E, S, W Activity Level : Office Work
Are Multiple Sensible Gain 245.0 BTU/hr/per
Wall, Roof, Latent Gain : 205.0 BTU/hr/per
or Glass MISCELLANEOUS LOADS
Types Used ? N Sensible : 0 BTU/hr
No. Partitions : 0 Latent : 0 BTU/hr
LIGHTING Unocc Diversity: 0 %
W/sqft : 1.25 W/sqgft INFILTRATION
Unocc Diversity: 10 % Cooling : 0.05 CFM/sqgft
Wattage Mult. 1.00 Heating : 0.10 CFM/sqgft
Fixture Type : Recessed, Vented SLAB
OTHER ELECTRIC Area : 156 sqgft
W/sqgft : 0.25 W/sqgft Perimeter : 12 ft
Unocc Diversity: 0 % Depth : 0.00 ft

- —— ——— —— — — ———— T —— . ——— - W W W S " Y — — . L D S — — - — ——— G W T M — — - ——
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TABLE 2. WALL, ROOF AND GLASS DATA

| WALL | ROOF | GLASS
U-Value (BTU/hr/sqft/F) 0.120 0.080 U-Value 0.550
Weight (lb/sqgft) 30 L Glass Factor 0.63
Color M D Int. Shades ? Y
EXTERNAL SHADING DATA Overhang Height = 0.0 in
Window Height = 8.0 ft Overhang Extension = 0.0 in
Window Width = 4.0 ft Fin Separation = 0.0 in
Reveal Depth = 0.0 in Fin Extension = 0.0 in

Gross Area Glass Area

Exposure (sqgft) (sqft)

E Wall 0.0 0.0

S Wall 0.0 0.0

W Wall 162.5 9.0

N Wall 162.5 9.0

Roof (Hor) 156.0 0.0
Akkkhkkrhhdhhrhrhkhhrxhdrhkhkdrhhhhhkkhhkhkrhhhhkhhhhhhhhhhhhhkdhhkhhhkdhhhrkhrhxk
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ZONE DESCRIPTION FOR Interior Zone
Prepared By : Software Systems Network 04-02-91
Block Load Program v2.01 Page 1 of 1
Akkkhkkhkhkhhhkhhkhkhhkhkkhkhhhhkhkthhhkkhhdhdrkikhhkhhdhhkhhkhhkhhhkhhdhhhihhhhhhkhhhhhkkhx

TABLE 1. GENERAL ZONE DATA

ZONE NAME = Interior Zone
GENERAL ZONE DATA PEOPLE
Floor Area : 6250.0 sqft sgft/person : 125.0 sqft/per
Building Weight: M Unocc Diversity: 0 %
Exposures : N, E, S, W Activity Level : Office Work
Are Multiple Sensible Gain : 245.0 BTU/hr/per
Wall, Roof, Latent Gain : 205.0 BTU/hr/per
or Glass MISCELLANEOUS LOADS
Types Used ? N Sensible : 0 BTU/hr
No. Partitions : 0 Latent : 0 BTU/hr
LIGHTING Unocc Diversity: 0%
W/sqft : 2.00 W/sqft INFILTRATION
Unocc Diversity: 10 % Cooling : 0.00 CFM/sqft
Wattage Mult., : 1.00 Heating : 0.00 CFM/sqgft
Fixture Type : Recessed, Vented SLAB
OTHER ELECTRIC Area : 0 sqgft
W/sqft : 0.25 W/sqft Perimeter : 0 ft
Unocc Diversity: 0 % Depth : 0.00 ft

kkkhkhkdkdkkkhhkhhkkhhhhrkhhkrkhhkrhhhhhhhhhhhhhkhkhhhhkhdhkkhhhhdkhhhkkhhhkkhrhkhdk
TABLE 2. WALL, ROOF AND GLASS DATA

- — — —— - - - e W R D D D D D e — —— A . T —— — W M - —— — - Y - . —— — — S G D T T S — — G G e W O M —————

| WALL | ROOF | GLASS
U-Value (BTU/hr/sqft/F) 0.120 0.080 U-Value 0.550
Weight (lb/sqft) 30 L Glass Factor 0.63
Color M D Int. Shades ? Y
EXTERNAL SHADING DATA Overhang Height = 0.0 in
Window Height = 8.0 ft Overhang Extension = 0.0 in
Window Width = 4.0 ft Fin Separation = 0.0 in
Reveal Depth = 0.0 in Fin Extension = 0.0 in

Glass Area

Exposure (sqgft) (sqft)

E Wwall 0.0 0.0

S Wwall 0.0 0.0

W Wall 0.0 0.0

N Wall 0.0 0.0

Roof (Hor) 6,250.0 0.0
khkkhhhhkhkkhkhkhkhhhkhdhhhkhhhhhhhrdrhhkhdrdhdhkhkhkhhhhhhohhhhbhhhkhkhkhkhkkhkhkkhkkhhkhhthkdk
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HVAC SYSTEM DATA FOR DX-VAV Example Bldg.

Prepared By: Software Systems Network 04-02-91

Block Load v2.01 Page 1 of 1
kkhkhkhkhkdkhkhkhkhhkhkhkhkhhhbhhhhhkkkhhkhkhkhdkrhhhkhkkhkhkhkhhhhkhkhhhkhkhhhbhhkhhhdkkhkhhkkhkhkhhkkhhk

Table 1. HVAC SYSTEM DESCRIPTION

System Type : Clg & Warm Air Htg THERMOSTAT SETPOINTS
System Start : 700 Cooling (Occ) : 75.0 F
Duration : 12 hrs Cooling (Unocc) : 85.0 F
Heating : 70.0 F
SIZING SPECIFICATIONS
Supply : 57.0 F FACTORS
Ventilation : 15.00 CFM/person Coil Bypass : 0.100
Exhaust : 0 % Safety (Sens) : 0 %
Safety (Latent) : 0%
Heating Safety : 0 %
FAN
Configuration : Draw-Thru RETURN AIR PLENUM : Y
Static Pressure : 2.50 in.wg. % Roof Load : 70
% Lighting Load : 30
% Wall Load : 15

- ———— ——— T —— - — A YD W . T — - ——— — ——— — —— D WP S VD D P R G D D G W W T ———— ——— o ——————- - -

Table 2. SYSTEM ZONING INFORMATION

System Arrangement: All zones served by a common air handler
Total Zones Selected: 9

Selected Zones:

1 North Zone 6 Southeast Zone
2 East Zone 7 Southwest Zone
3 South Zone 8 Northwest Zone
4 West Zone 9 Interior Zone
5 Northeast Zone

- n e A M . . — . . - A - — A AN R M A . G S D D R D M T D W S T S W M T S - I e e S e —— - — - —— - — - — - - -
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SYSTEM SIZING SUMMARY
System Name : DX-VAV Example Bldg.
Location : Cincinnati, Ohio
Prepared By : Software Systems Networ

k Pag

e

04-02-91
Block Load v2.01

1 of

2
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TABLE 1. SIZING DATA -- COOLING

Total coil load
Sensible coil load
Total zone sensible

246,899 BTU/hr
201,207 BTU/hr
115,060 BTU/hr

Supply temperature = 57.0 F
Supply air (actual)= 6,084 CFM
Supply air (std) = 5,919 CFM
Ventilation air = 1,230 CFM
Direct exhaust air = 0 CFM
Reheat required = 0 BTU/hr
Floor area (sqft) = 11,248
Overall U-value = 0.102
Vent air CFM/sqft = 0.11
Vent air CFM/person = 15.00
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TABLE 2. SIZING DATA -- HEATING

Heating coil load 265,640 BTU/hr

Ventilation load = 89,168 BTU/hr
Total zone load = 176,472 BTU/hr
Ventilation airflow= 1,230 CFM
Supply airflow = 6,084 CFM

City = Cincinnati
State = Ohio

Data Source = ASHRAE 1%
Latitude = 39.2 deq.
Elevation = 761.0 ft

Load occurs Q July 1500
Outdoor Db/Wb = 92.0/ 73.0 F
Coil Conditions:
Entering Db/Wb = 86.7/ 67.2 F
Leaving Db/Wb = 55.2/ 53.5 F
Apparatus dewpoint= 51.7 F
Bypass factor = 0.100
Resulting zone RH = 49.1 %
Total coil load = 20.57 Ton
Sensible coil load = 16.77 Ton
SQFT/Ton = 546.69
Cooling BTU/hr/sqft = 21.95
Cooling CFM/sqft = 0.54
Heating BTU/hr/sqft = 23.62
Heating CFM/sqft = 0.54
Floor area (sqft) = 11,248
Overall U-value = 0.102
Vent air CFM/sqft = 0.11
Vent air CFM/person = 15.00
Summer dry-bulb = 92.0 F
Coincident wet-bulb= 73.0 F
Daily Range = 21.0 F
Winter dry-bulb = 1.0 F
Atmos. Clear. Num. = 0.95
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System Type : Clg & Warm Air Ht
System Start : 700
Duration : 12 hrs

SIZING SPECIFICATIONS
Supply : 57.0 F
Ventilation : 15.00 CFM/per
Exhaust : 0 %

FAN

Configuration ¢ Draw-Thru
Static Pressure : 2.50 in.

g
Cooling (Occ)

Cooling (Unocc)
Heating

FACTORS
Coil Bypass

son Safety (Sens)

Safety (Latent)
Heating Safety

RETURN AIR PLENUM
% Roof Load
% Lighting Load
% Wall Load

THERMOSTAT SETPOINTS

75.0
85.0
70.0

0.100
0

A - ——————_——— - — - - — - — ——— ———— - ————— ————— —_——— ——— ———— - " " -
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System Name
Location
Prepared By

SYSTEM SIZING SUMMARY

DX-VAV Example Bldg
Cincinnati, Ohio
Software Systems Ne

twork

04-02-91

Block Load v2.01

Page

2 of 2
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TABLE 5. TOP TEN COOLING COIL ILOADS

—— - . —— —— ————— T . - . T ——— —— . WP T ST W S ——— — T "  —— L —— T W T — > T ———— ——

Ton

1) July/1500
2) Aug/1500
3) July/1600
4) July/1400
5) Aug/1400

Sensible Total
Ton Ton
16.77 20.57
16.65 20.45
16.56 20.35
16.50 20.28
16.42 20.20

6) Aug/1600
7) July/1700
8) July/1300
9) Aug/1300
0) Aug/1700

TABLE 6. ZONE

North Zone
East Zone
South Zone
West Zone
Northeast Zone
Southeast Zone
Southwest Zone
Northwest Zone
Interior Zone

Maximum
Cooling
Sensible
(BTU/hr)

16,508
8,230
22,810
10,267
2,331
2,847
3,237
2,952
51,533

Design
Airflow
Rate

D

esign
Time

Maximum
Heating
Load
(BTU/hr)

42,378
16,954
42,378
16,954
5,827
5,827
5,827
5,827

Design
Flow
Rate

(CFM)
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System Name
Location
Prepared By
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Software

.

DETAILED SYSTEM

DX-VAV Example Bldg.
Cincinnati, oOhio

Systems Network

LOAD REPORT

04-02-9

1

Block Load v2.01

Pa

ge 1 of

1
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TABLE 1. LOAD COMPONENT SUMMARY for July 1500 ( 92.0/ 73.0 F)
Design Cooling Loads Design
Sensible Latent Heating
Load Component Details (BTU/hr) (BTU/hr) (BTU/hr)
Solar Loads 324 sqgft 11,060 - -
Wall Transmission 5,526 sqgft 11,520 - 45,755
Roof Transmission 11,248 sqft 18,843 - 62,089
Glass Transmission 324 sqft 2,368 - 12,296
Skylight Transmission 0 sqft 0 - 0
Partitions 0 sqgft 0 - 0
Lighting 1.76 W/sqft 41,407 - -
Other Electric 0.25 W/sgft 8,674 - -
People 82 people 15,595 16,811 -
Infiltration 4,463 4,877 36,231
Miscellaneous 0 0 -
Slab 4,998 sqft - - 20,101
Pulldown/Warm-up 1,129 - -
Safety Factor o/ 0/ 0 % 0 0 0
| Total Zone Loads ] | 115,060 21,687 | 176,472
Ventilation Load 1,230 CFM 8,564 24,005 89,168
Supply Fan Load 6,084 CFM 11,275 - -
Plenum Load Thru Wall 15 % 2,033 - -
Plenum Load Thru Roof 70 % 43,966 - -
Plenum Load - Lights 30 % 20,309 - -
| Total Coil Loads | | 201,207 45,692 | 265,640

TABLE 2. WALL AND GLASS BREAKDOWN

Total Cooling Cooling Heating
Net Area Transmission Solar Load Transmission
Component (sqft) (BTU/hr) (BTU/hr) (BTU/hr)
Walls : NE 0 0 - 0
E 921 2,699 - 7,626
SE 0 0 - 0]
S 1,842 4,664 - 15,252
SwW 0 0 - 0
W 921 1,619 - 7,626
NW 0 0 - 0]
N 1,842 2,538 - 15,252
Glass : NE 0] 0 o] 0
E 54 395 1,355 2,049
SE 0 0 0 0
s 108 789 3,066 4,099
Sw 0 0 0 0
W 54 395 4,742 2,049
NwW 6] 0 0] 0
N 108 789 1,897 4,099

- — ————— —— . - R S D R W T TP P I WD T M W e G e S S A N D G - - Y = S G W - ——
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Moduline® Selection (Analysis of Data) — The printout shown below presents an analysis of the preceding data.

Total Total
Airflow Cooling

Rate Load
Zone Name (CFM) (Btu/hr)
North Zone 873 16,508
East Zone 435 8,230
South Zone 1,206 22,810
West Zone 543 10,267
Northeast Zone 123 2,331
Southeast Zone 151 2,847
Southwest Zone 171 3,237
Northwest Zone 156 2,952
Interior Zone 2,725 51,533

Heating — Heat must be provided in a building to offset
losses through the perimeter walls, windows, and roof. In
the interior spaces the heat gain from lights and people will
in many cases be enough to cause a cooling load even in
winter.

The two most commonly used heating systems are these:
» Baseboard
» Overhead air

Baseboard has been used historically in the North because
it is effective in overcoming the downdraft from windows,
particularly with the large single pane windows used in the
past.

Now, with improvements in the building thermal enve-

lope due to better materials and construction methods, over-
head air heating is a viable and attractive alternative.

Overhead air heating, when properly applied, can handle
all requirements except the severe cases in which the wall U
values and temperature differences are large.

Overhead air heating is the method which will be con-
sidered for these procedures.

OVERHEAD AIR HEATING — Two basic forms of over-
head heating are used with Moduline cooling systems:

» Separate duct heating
» Changeover Moduline heating/cooling

20

Total Load Room
Area # of per Room Air
(sq ft) Rooms (Btu/hr) (CFM)
1,562 10 1,651 87
625 4 2,058 109
1,562 10 2,281 121
625 4 2,567 136
156 1 2,331 123
156 1 2,847 151
156 1 3,237 171
156 1 2,952 156
6,250 1 51,533 2,725

Separate Duct Heating — A simple type of overhead air heat-
ing system for use with a Moduline cooling system consists
of a series of ceiling outlets, placed around the perimeter of
the building close to the outside wall, which blow warm air
outward and/or downward to floor level. The outlets are con-
nected by a simple duct system to an electric (or hot water)
heating-only fan coil unit located above the ceiling. (See
Fig. 5.) A minimum of one fan coil unit per exposure is used
for each story of the building. The fan coil unit draws air
from the ceiling plenum and distributes it to the building pe-
rimeter by means of a separate duct system. This type of
heating system operates at constant volume.

The separate duct heating approach allows heat to blanket
the outside wall, eliminating the transmission of heat through
the outside wall and permits the Moduline cooling units to
be located in the best arrangement for cooling distribution.
Control interlock between separate system heating and Modu-
line cooling is outlined in the Control Applications section,
on page 44.

The 35BD heating slot boot diffuser (Fig. 6) is specifi-
cally designed for this heating approach and will provide ex-
cellent distribution of the hot air necessary to offset the load.
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PLAN VIEW
Fig. 5 — Separate Duct Heating System

9ECTION A

Performance Heating — Downblow Slot

NOMINAL 2 4
LENGTH (ft)
Placement Placement
TYPE : ,
DIFFUSER | Cfm _(in) Cfm _(in)
Min | Max Min [ Max

Heating Slot
Boot Diffuser | 20770 | 12 24 | 25-120 [ 12 24

NOTES:
1. Minimum and maximum show distance diffuser should be lo-

cated from perimeter wall in inches.
2. For optimum performance of the diffuser, the air temperature should
be held between 90 and 115 F.

Fig. 6 — 35BD Heating Slot Boot Diffuser
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Changeover ModulirfeHeating/Cooling — Both hot air and
cold air distribution are possible with a Moduline system.
The Moduline unit uses a director diffuser which, sensing
the duct temperature of the supply air, directs the air towards
or away from the perimeter wall. (Fig. 7.)

HEATING

i

With hot air in the duct, all discharge air is directed towards the
perimeter wall to offset the transmission.

—

TO OUTSIDE
WALL

The Moduline location for heating and cooling requires
the unit to be a specific distance from the outside wall in
order to produce satisfactory distribution of the hot air. The
recommended location is shown in Fig. 8.

COOLING

I

With cold air in the duct, the discharge is two-way blow — both into
the room and towards the wall.

—

TO OUTSIDE
WALL

Fig. 7 — Director Diffuser

<

— N ——
DISTANCE TO OUTSIDE WALL “L”
Minimum Maximum
M- H
L =
7 L]
Where:
2o R M = ax Theow DISTANCE TO
One-Way Blow f———— OUTS!%)VALL [——
H = Ceiling Height ] A

Fig. 8 — Recommended Location for Changeover Moduline
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Additional Guidelines for Heating — In addition to down-
blow slot boot diffusers and Moduline director diffusers, round
nozzles spaced along the perimeter wall will also provide
satisfactory overhead heating distribution. Some guidance for
outlet use are shown in Tables 1 and 2.

Moduline heating and cooling is less flexible than sepa-
rate duct system heating with Moduline cooling because:

* Moduline heating/cooling is a changeover system requir-
ing complete replacement of the cooling duct supply air
with heated air, making zone control difficult.

* Moduline location is a compromise between obtaining out-
side wall coverage with hot air and good cooling
distribution.

Thus, separate duct heating can provide heat for a given
exposure without materially affecting the building cooling
system. The heating outlets and Moduline terminals can be
located in the most efficient air distribution places of the con-
ditioned space.

Table 1 — Optimum Outlet Discharge

DIFFUSER SLOTS

VELOCITY (Fpm)

TEMPERATURE (F)

Downblow slots 500 to 1250 90 to 115
Round nozzles 900 to 1800 90 to 125
One-way blow slots 600 to 2200 80 to 105
Director Diffusers 800 to 2200 90 to 105

Table 2 — Location Guidelines

MINIMUM MAXIMUM
DIFFUSER STYLE DISTANCE (ft)* DISTANCE (ft)*
Round Nozzles and
Downblow Slots 10 20
One-Way Blow Slots 0.5 Lt
Director Diffusers 25 Lt

*Feet away from outside wall.
tSee Fig. 8.
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TERMINAL SELECTION
AND LAYOUT

Introduction —  Selecting the terminals and making a

layout is one of the most important steps in the design pro-

cess. This is where you use your knowledge to lay out the

job at a low cost and still give your client a satisfactory job.
There are 4 items which must be considered when select-

ing an air terminal:

* air volume (Cfm) per termira— a function of 1) the de-
sired sound level in the space, and 2) cost

* layou — a function of 1) the proper room air motion and
2) physical spacing

* unit combinations and run-out duct

« controller location

Definitions — Following are definitions of terms used
when discussing the layout of a Moduline system.

Moduline units are arranged as single units or as units in
an air series.

SINGLE UNIT — A single unit is connected to the supply
duct and supplies conditioned air to a space or part of a space.
Fig. 9.

AIR SERIES — Units in air series are connected unit-to-
unit or with interconnecting ductwork and the supply air for
all units enters the first unit in the series. Fig. 10.

MASTER UNIT — A Moduline unit with controller, alone
or in air series, is a master unit. Fig. 11.

SLAVE UNIT — A unit in air series, controlled by another
unit (master unit) is a slave unit. Fig. 11.

CONTROLS — System-powered controls are installed at the
jobsite and consist of the components shown below:

Constant Volume — Filter and volume controller.

Variable Volume, Diffuser Thermostat — Filter, volume con-
troller, thermostat with aspirator.

Variable Volume, Wall Thermostat — Filter, volume con-
troller, wall thermostat.




SUPPLY DUCT

—-

MODULINE

|

Fig. 9 — Single Moduline ® Unit Connected to
Supply Duct

SUPPLY DUCT

MODULINE IN AIR SERIES

Fig. 10 — Moduline Units in Air Series

~ MASTER UNIT

CONTROLLER

AN pd

SLAVE UNITS
Fig. 11 — Master Unit and Slave Units

CONTROL END — The control end of a Modulifeunit is

the end containing a control block at the end plate of the
valve section of the unit. (Fig. 12.) The end of the unit op-
posite the control end contains a blank block. The control
end of the Moduline unit is at the longer of the diffuser pro-
jections from the plenum. In Fig. 13, the longer projection,
B, is the control end.

The filter, volume controller, and diffuser-mounted ther-
mostat are applied to the control end of a master unit.
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Fig. 12 — Control Block

ja—— PLENUM

VALVE

e
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Fig. 13 — Control End of Unit

Step 1 — Determine Air Volume (Cfm) Per Ter-

minal — Before you can start making a layout, you must
know the required air volumes (cfm).

Use the cfm per zone you obtained from the cooling load
calculation and, using Table 3, Recommended Maximum Cfm
Per Terminal, decide on the number of terminals you will
need in each zone.

Cost dictates that the fewest number of Moduline units be
used consistent with good design. The maximum cfm per
unit that can be used (to keep the total number of units down)
is mainly a function of maximum acceptable sound level.

Perimeter zones with glass in the east, west, and south
building zones have peaks of rather short duration (i.e. loads
vary widely during the course of the day and year). There-
fore, a higher sound level can be tolerated for these short
peaks.



As a result, slightly higher maximum cfm per unit is al-
lowed as compared to interior zones or the north perimeter,
which have relatively constant loads.

The maximum cfm per unit also is affected by the desired
sound level in the room and the type of use of the space.

For example, an executive office uses low sound levels
but the furnishings generally absorb more sound so the al-
lowable cfm/unit is only slightly lower than other types of
rooms.

Table 3 — Recommended Maximum Cfm

Per Terminal
MODULINE UNITS
37HS1 37HS2 37HS4
TYPE OF
SPACE USE Vl%laest Interior East Interior East Interior
st West West
and and and and and and
North North North
South South South
General
Office 110 95 220 190 400 350
With
1 2 1
Private | Carpet 00 90 00 80 330 300
Office i
! Wit 90 80 180 | 160 | 300 | 270
Executive
Office 85 75 170 150 280 250

Step 2 — Lay Out Terminals

LOCATE UNITS IN T-BAR GRID — In making a layout,
begin with a plan view of the ceiling. Normally, the ceiling
grid and the lighting is done first and the diffuser plan must
fit the layout.

The center of the room is the ideal location, but where
that space has been reserved for lighting, the Moduline dif-
fuser has enough flexibility to provide good distribution when
not centered in the room.

For a two-way blow diffuser, anywhere from tke point
to the¥a point (wall to wall) is usually suitable. Outside of
the ¥4 points, a one-way blow diffuser may be needed. Use
two-way blow diffuser wherever possible and one-way blow
only when really necessary. (See Fig. 14.)

|
|
l
[l <—|}—> I
|
i
/4 V4
fOINT INT
|
ONG-WAY BLIW | TWOWAY oW | oNg-wAY e
THi AkEA | THg AREA | TH AREA
I (Prergrrey)

Fig. 14 — Diffuser Locations for
Preferred 2-Way or One-Way Blow
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Most jobs use a 2- x 4-ft grid T-Bar ceiling with 2- x 4-ft
or 2- x 2 fttiles.

The first consideration in making a layout is to place the
terminals as economically as possible in the grid, which means
locating the terminals perpendicular to the main tees.

Main tees (the ones with hangers) are 4 ft on center (nor-
mally) and the cross tees are spaced 2 ft apart between the
mains to make up a 2- x 4-ft T-bar grid. Additional trim tees
may be used to divide the ceiling into a 2- x 2-ft grid.

The Moduline units use mounting brackets and hang from
(run perpendicular to) the main tees. While the units can be
installed anywhere between mains, the most common loca-
tion is on the center line of the cross tee (replaces the cross
tee). The next most common location is half way between
cross tees. See Fig. 15.

While less desirable, the units can be run parallel to the
main tees. Unless absolutely necessary the units should not
replace the main tee because this means the main tee must
be cut. A location halfway between the mains is common
and in this case additional hangers are required to the upper
plenum of the unit or to the cross tee near the unit.

Special units are available for many other types of
ceilings.
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[t PR A AN
e  MAIN 1= BAR
7’ NUST BE CUT

e/
ITIONAL H/X\(&Eﬁ@y

REQUIRED 10 SUPFORT
i 2

Fig. 15 — Terminal Location



EVALUATE THE THROW OF MODULINE® UNITS IN
POSSIBLE LOCATIONS — Check minimum throw for
2-way blow diffuser near walls and all one-way blow
diffusers.

Exceeding maximum throw is almost never a problem. A
2-way blow unit covers 50 ft at nominal cfm.

In perimeter rooms, if 2-way blow units are off center,
favor the exterior wall if possible.

Generally, one-way blow diffusers should blow away from
the nearest wall.

Air throw data in Tables 4 and 5 for the Moduleair
terminals provides the suggested minimum and maximum
coverages the units can handle in a typical installation while
maintaining the desired room conditions.

The optimum air throw values given in the table are dis-
tances from the unit centerline to the outside wall or nearest
obstruction (wall, light fixture, or opposing air stream).

When given a choicalways put diffusers in line with each
other, not blowing at each othdf. diffusers must be placed
so they are blowing at each other, the minimum throw must
be checkedDo not put units closer together than minimum
allows. Down-drafts caused by going below minimum will
bother room occupants. (Fig. 16)

Moduline® units can be placed fairly close to a wall or
partition. This is because the down-draft follows the wall
(stays close to the wall) and doesn’t bother the room occu-
pant. If furniture is placed against the wall near a Moduline
unit, it causes the air to be deflected causing drafts. The prob-
lem can often be solved by moving the furniture 6 in. or so
away from the wall.

RV s

07 THig NJT TH®

Fig. 16 — Locate Units to Prevent Down-Drafts
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Table 4 — Air Throw Data —
1-Way and 2-Way Blow, 2-Slot Diffusers

OPTIMUM AIR THROW (ft)

37HS1 UNIT
AIRFLOW 1-Way Blow 2-Way Blow
(Cfm) Min Max Min Max
40 2.0 7.0 2.0 5.0
50 4.0 9.0 3.0 6.0
60 7.5 12.0 3.5 7.5
70 8.0 15.0 4.0 9.0
80 9.0 18.0 45 10.5
90 10.0 20.0 5.0 11.5
100 11.0 22.0 6.0 13.0
110 12.0 24.0 7.0 15.0
37HS2 UNIT OPTIMUM AIR THROW (ft)
AIRFLOW 1-Way Blow 2-Way Blow
(Cfm) Min Max Min Max
80 2.0 7.0 2.0 5.0
100 4.0 9.0 3.0 6.0
120 7.5 12.0 35 7.5
140 8.0 15.0 4.0 9.0
160 9.0 18.0 4.5 10.5
180 10.0 20.0 5.0 11.5
200 11.0 22.0 6.0 13.0
220 12.0 24.0 7.0 15.0
37HS4 UNIT OPTIMUM AIR THROW (ft)
AIRFLOW 1-Way Blow 2-Way Blow
(Cfm) Min Max Min Max
160 8.5 16.0 5.0 7.0
200 10.0 20.0 6.0 10.0
250 11.0 21.0 7.0 13.0
300 12.0 22.0 8.0 17.0
350 14.0 23.0 9.0 19.0
400 15.0 25.0 10.0 21.0
440 17.0 29.0 13.0 24.0

Table 5 — Air Throw Data —
2-Way and 1-Way Director, 3-Slot Diffusers

OPTIMUM AIR THROW (ft)

37HS1 UNIT Heating Cooling
AIRFLOW
(Cfm) 1-Way Blow 2-Way Blow
Min Max Min Max
40 2.0 7.0 2.0 5.0
50 4.0 9.0 3.0 6.0
60 7.5 12.0 35 7.5
70 8.0 15.0 4.0 9.0
80 9.0 18.0 4.5 10.5
90 10.0 20.0 5.0 11.5
100 11.0 22.0 6.0 13.0
110 12.0 24.0 7.0 15.0
OPTIMUM AIR THROW (ft)
37HS2 UNIT Heating Cooling
AIRFLOW
(Cfm) 1-Way Blow 2-Way Blow
Min Max Min Max
80 2.0 7.0 2.0 5.0
100 4.0 9.0 3.0 6.0
120 7.5 12.0 35 7.5
140 8.0 15.0 4.0 9.0
160 9.0 18.0 4.5 10.5
180 10.0 20.0 5.0 11.5
200 11.0 22.0 6.0 13.0
220 12.0 24.0 7.0 15.0
OPTIMUM AIR THROW (ft)
37HS4 UNIT Heating Cooling
AIRFLOW
(Cfm) 1-Way Blow 2-Way Blow
Min Max Min Max
160 8.5 16.0 5.0 7.0
200 10.0 20.0 6.0 10.0
250 11.0 21.0 7.0 13.0
300 12.0 22.0 8.0 17.0
350 14.0 23.0 9.0 19.0
400 15.0 25.0 10.0 21.0
440 17.0 29.0 13.0 24.0
NOTES:

1. Minimum air throw refers to the distance from the diffuser where the air ve-
locity is 150 fpm. In maximum air throw, this velocity has dropped to 50 rpm.
Data is based on an area with a 9-ft ceiling. For higher ceilings, values may
be reduced by one foot for each foot of height increase. For specific instal-
lations, minimum values can be reduced if properly qualified. Values are

2.

dependent on cfm only and are not affected by duct pressure.



STAGGER SPACING — A frequently used layout method
is to stagger the units. This arrangement gives good cover-
age, solves the problem of drafts when units blow at each
other, and is low cost. It also gives good flexibility for future
partition changes. (Fig. 17.)

Fig. 17 — Staggered Units

MAXIMUM UNIT SPACING — Interior zones use less air,

as low as 0.4 to 0.6 cfm per sq ft. Using the large capacity
37HS4 unit at 250 to 350 cfm each may cause units to be too
widely separated. This results in poor coverage and poor air
distribution.

A good solution is to use a larger number of lower ca-
pacity 37HS2 units at 150 to 190 cfm each.

The maximum distance between units parallel to each other
(blowing at each other) can and should be fairly great, 25 to
45 ft. (See Tables 4 and 5.) But the maximum distance be-
tween the ends of the units in the same row must be more
limited for good coverage.

The unit will effectively cover a strip whose width is 3 to
4 times the unit’s length. A 4-ft unit would therefore cover
an area whose width is 12 to 16 ft (maximum). See
Fig. 18.

The high induction ratio of the Moduliffediffuser keeps
total room air motion up to acceptable levels when the cfm
per sq ft is low.

UNHZ With 0/YERAGY
7 TIME4 THEIE VENGTH
4

-

—

L
)

<

M|
! |

| 2 2
| |

I

o

UNITE WITH (IVEEAGY
4 TIME9 THEIE LENUTH

LONG THEIW

/¢ PIfrisee
Atwe 19" 10 49
A R

S
]| 2|
T
wl%l

Fig. 18 — Unit Spacing

T

|
|
= |
|
|

l

27

Step 3 — Consider Unit Combinations And Run-

Out Duct — When the preliminary office layout is com-
plete, the trunk or main duct can be laid on the floor plan.
We are now ready for positioning the units in the space ac-
cording to the load calculations and the design of the run-out
ducts.

The zone load calculation provides the cfm requirements
for each space. Using those requirements and the ceiling lay-
out, the unit location and run-out can be determined. Figure
19 shows a single Moduline unit located on the grid line in
the approximate center of the space. Figure 20 shows mul-
tiple units in an air series located in similar fashion.

RECOMMENDED UNIT COMBINATIONS — Tables 6-8

list the recommended combinations of Moduline terminals.
Each model (size) of Moduline terminal is shown in com-
binations of 2, 3, 4 and 5 plenum sizes. To illustrate the use
of the tables, consider the 37HS2 for a space requiring 550
cfm. Three units in air series will provide the capacity. (Note
that 550 cfm is below the max cfm limit of 660 shown in
Table 7.) Six combinations of 37HS2 units are available; all
will produce a good installation. However, some factors in-
fluence the choice:

If it is desirable to have common plenum sizes throughout
the space, the choice will be tled® x 9-in. plenums.

The lowest inlet velocities will result in the least variance
of discharge cfm among the 3 units on one control.
If this is a consideration, the choice would be three 11 x 11-
in. plenums.

The lowest cost choice would be 9- x 9-in., 9- X 9-in., and
7- X 7-inches.

If the requirement of the space is for maximum cfm from
the unit combination, one of the larger plenum combinations
would be favored.

Conversely, a conservative design with small cfm per unit
can use the smaller plenum sizes.

The selection of plenum sizes will not affect the sound
level of the space; there is no measurable difference in the
recommended plenum combinations.

NOTE: The listing of recommended air series combinations
does not indicate that one controller will always handle the
combination; in some cases, a second controller may be re-
quired. Refer to Determine Controller Location section,
page 37.

Table 9 provides an overall limitation on cfm in the inlet
collar of units in air series.



SINGLE
MODULINE ®
UNIT

e RUN-OUT DUCT
-

2x4GRID
CEILING

Fig. 19 — Run-Out Duct for Single Moduline  ® Unit

2x 4 ft GRID
CEILING
RUN-OUT 3MODULINE®
o DucT UNITSIN AIR
* SERIES

Fig. 20 — Run-Out Duct for Moduline Units in Air Series
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Table 6 — 37HS1 Units in Air Series

NO. OF SUPPLY
(l'jJANSr‘::IsER 2,",‘;% B‘,’,ﬁ} DUCT AND PLENUM (IN.)/AVAILABLE COMBINATIONS
AND SLAVE) (IN.)

1 110 4 M: ]
4 5x7

1 110 6 |: :|
6 7x7

1 110 8 M: ]
8 9x9

1 110 10 M: ]
10 11 x 11

2 220 6 M: :M[ ]
6 Tx7 6 Tx7

s |aso| s | WAL W[ |
8 9x9 6 Tx7

2 220 8 M: :M[ ]
8 9x9 8 9x9

2 220 10 M: :Ml: :|
10 11 x11 8 9x9

2 220 10 M: :Ml: ]
10 11 x 11 10 11 x 11

s sl & | W] W] WA |
6 7x7 6 7x7 6 x7

s |awo| s | WAL AW W |
8 9x9 6 7x7 6 Tx7

s |ao| s | W W] W | 1
8 9x9 8 9x9 6 7x7

s |aso| 10 | W W] W | 1
10 11 x11 8 9x9 6 x7

3 330 10 M :M[ M ]
10 11 x11 8 9x9 8 9x9

s |aw| 10 | WAL W il |
10 11 x11 10 11 x11 8 9x9

3 330 10 M: :M[ :MI: ]
10 11 x 11 10 11x11 10 11 x 11
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Table 6 — 37HS1 Units in Air Series (cont)

NO. OF SUPPLY
(l'jJANSr‘::IsER 2,",‘;% B‘,’,ﬁ} DUCT AND PLENUM (IN.)/AVAILABLE COMBINATIONS
AND SLAVE) (IN.)
e lwo| o | WA W W W 1
6 7x7 6 7x7 6 7x7 6 7x7
] W] WL W 1
8 9x9 6 7x7 6 7x7 6 7x7
4 440 8 M: :M[ M M :|
8 9x9 B 9x9 6 Tx7 6 Tx7
4 440 8 M: :Ml: :MI: M ]
8 9x9 8 9x9 8 9x9 6 Tx7
4 440 10 M: :Ml: M M :|
10 11 x 11 10 11 x 11 8 9x9 6 Tx7
4 440 10 M: :Ml: M M ]
10 11 x 11 8 9x9 8 9x9 8 9x9
4 440 10 M: :Ml: :MI: M :|
10 11 x11 10 11 x11 8 9x9 8 9x9
e |ao| 0 | WA Il W] W] i
10 11 x11 10 11 x11 10 11 x11 8 9x9
4 440 10 M: :Ml: M M :|
10 11 x 11 10 11 x 11 10 11 x 11 10 11 x 11
s |sso| s | WA (] Wi W W I
8 9x9 6 Tx7 6 Tx7 6 Tx7 6 Tx7
s |sso| s | WAL W] WL W W I
8 9x9 8 9x9 6 7x7 6 7x7 6 7x7
) 550 10 M :Ml: :MI: M M :l
10 11 x11 8 9x9 8 9x9 6 7x7 6 7x7
s |sso| 10 | WAL W[ W i Il I
10 11 x11 8 9x9 8 9x9 8 9x9 6 7x7
s |sso| 10 | WA (] T 1l W |
10 11 x11 10 11 x11 10 11 x11 8 9x9 6 7x7
s |sso| 10 | WAL W] W] W W[ |
10 11 x11 10 11 x11 8 9x9 8 9x9 8 9x9
s || 10 | WAL W] W] W W[ |
10 11 x 11 10 11 x 11 10 11 x 11 8 9x9 8 9x9
o |sso| 10 | WA T[] W] W W |
10 11 x 11 10 11 x 11 10 11 x 11 10 11 x 11 8 9x9
s |so| 10 | WA W[ W W W] I
10 11 x11 10 11 x11 10 11 x11 10 11 x11 10 11 x11
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Table 7 — 37HS2 Units in Air Series

NO. OF SUPPLY
(#,{'sr{,sgﬂ g,’% DDll"fJ DUCT AND PLENUM (IN.)/AVAILABLE COMBINATIONS
AND SLAVE) (IN.)
1 220 6 M :|
6 7x7
1 220 8 |: :l
8 9x9
1 220 10 M: ]
10 11 x11
2 440 8 M: :M[ ]
8 9x9 6 x7
2 440 8 M :M[ :|
8 9x9 8 9x9
2 440 10 M: :M[ ]
10 11 x 11 8 9x9
2 440 10 M: :M[ :|
10 11 x 11 10 11 x 11
s leo| s | WA W[ W] I
8 9x9 8 9x9 6 7x7
s |eso| 10 | WAL [ WW[ W] 1
10 11 x 11 8 9x9 6 7x7
s el s | WA W W] 1
8 9x9 8 9x9 8 9x9
s |eo| 10 | WA AV W i
10 11 x 11 8 9x9 8 9x9
s |eso| 10 | WAL W[ W | ]
10 11 x11 10 11 x11 8 9x9
s |eso| 10 | WAL W[ W | ]
10 11 x11 10 11 x11 10 11x 11
vl |, | W W[ WL WA I
8 9x9 8 9x9 8 9x9 6 7x7
4 880 10 M :M[ M M ]
10 11 x11 8 9x9 8 9x9 6 Tx7
e laso| 10 | WA W[ W (W] i
i0 11x11 10 11 x11 8 9x9 6 7x7
e leso| 1w | WA WA WAV WA i
10 11x11 8 9x9 8 9x9 8 9x9
e |eso| 10 | WA WA WA W] 1
10 11x11 10 11x11 8 9x9 8 9x9
e leso| 10 | W W] W [ W i
10 11x11 10 11x11 10 11 x11 8 9x9
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Table 7 — 37HS2 Units in Air Series (cont)

NO. OF SUPPLY
(#ANQER 2;',‘;% B‘,’ﬂ} DUCT AND PLENUM (IN.)/AVAILABLE COMBINATIONS
AND SLAVE) (IN.)
4 880 10 M: :M[ :MI: M ]
10 11 x 11 10 11 x 11 10 11 x 11 10 11 x11
s |uoo| 10 | WAL W] T i WA I
10 11 x 11 8 9x9 8 9x9 8 9x9 6 Tx7
s |uoo| 10 | WAL AW i | A I
10 11 x11 10 11 x11 8 9x9 8 9x9 6 x7
o |1oo| 10 | WAL W] W W | I
10 11 x11 10 11 x11 10 11x11 8 9x9 6 x7
s |100| 10 | W] W] W | W | W | ]
10 11 x11 10 11x11 8 9x9 8 9x9 8 9x9
s |uoo| 10 | WAL W] W WAL WAL I
10 11 x11 10 11 x11 10 11x11 8 9x9 8 9x9
s |uoo| 10 | WAL W] W WAL WAL I
10 11 x11 10 11 x11 10 11x11 10 11 x11 8 9x9
s |uoo| 10 | WAL W] W WAL WAL I
10 11 x 11 10 11 x 11 10 11 x11 10 11 x11 10 11 x 11
Table 8 — 37HS4 Units in Air Series
NO. OF SUPPLY
(l'jJANSr‘::IsER 2,",‘;% B‘,’,ﬁ} DUCT AND PLENUM (IN.)/AVAILABLE COMBINATIONS
AND SLAVE) (IN.)
1 440 8 M :|
8 9x9
1 440 10 |: :|
10 11 x11
1 440 12 M :|
12 13x13
2 880 10 M: :Ml: ]
10 11 x 11 8 9x9
2 880 10 M: :Ml: D
10 11 x 11 10 11 x 11
2 880 12 M: :Ml: ]
12 13x13 10 11 x 11
2 880 12 M :Ml: :l
12 13x13 12 13x13
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Table 8 — 37HS4 Units in Air Series (cont)

NO. OF SUPPLY
(,},’,{"9112“ 2;‘,‘:‘;,‘ DDllecJ DUCT AND PLENUM (IN.)/AVAILABLE COMBINATIONS
AND SLAVE) (IN.)
s |uoo| 10 | WAL W[ W I
10 11 x11 10 11 x11 8 9x9
s |aaso| 12 | WA W W ]
12 13x13 10 11 x 11 8 9x9
s |1oo| 10 | WAL W[ W I
10 11 x11 10 11 x11 10 11 x11
s |1s0| 12 | WAL WA W I
12 13x13 10 11 x 11 10 11 x11
s |1s0| 12 | W] [ W[ [ W] I
12 13x13 12 13x13 10 11 x 11
s |10 12 | W] [ W[ W] ]
12 13 x13 12 13 x13 12 13 x13
e e | | WL W W] W 1
12 13 x13 12 13 x13 10 11 x11 8 9x9
e |eoo| 12 | WA WL [ WA 1
12 13 x13 10 11 x 11 10 11 x 11 8 9x9
e leoo| 12 | WA W[ W [ WA i
12 13x13 10 11 x11 10 11 x11 10 11 x11
e lweoo| 1 | WAL W[ W WA i
12 13x13 12 13x13 10 11 x11 10 11 x11
e liwco| 1 | WAL W[ W WA i
12 13x13 12 13 x13 12 13 x13 10 11 x11
e |eoo| 12 | WAL W W W] 1
12 13x13 12 13x13 12 13x13 12 13x13
s |weo| 1 | W] W[ i W W I
12 13x13 12 13x13 12 13x13 10 11 x11 8 9x9
s |1woo| 1 | WM AN W W[ W I
12 13x13 12 13x13 10 11 x11 10 11 x 11 8 9x9
s |ioo| 12 | W] W[ 1] W [ A I
12 13x13 12 13x13 10 11 x11 10 11 x11 10 11 x11
s |iwoo| » | W] W[ W] 1l A I
12 13x13 12 13x13 12 13x13 10 11 x11 10 11 x11
s |1eco| 12 | WM W T T[] i I
12 13x13 12 13x13 12 13x13 12 13x13 10 11 x11
s |1eoo| 12 | WA W W W WAL I
12 13x13 12 13x13 12 13x13 12 13x13 12 13 x13
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Table 9 — Maximum Cfm Through the Inlet Collar
of a Single Unit or of Units in Air Series

PLENUM cOLEAR MAXIMUM TOTAL
MODEL SIZE o AIRFLOW
(in.) (in) (Cfm)
5x7 110
7x7 6 200
87HS1 9x9 8 800
1 x 11 10 1100
7x7 5 200
37HS2 9x9 8 800
1 x 11 10 1100
9x9 8 800
37HS4 1 x 11 10 1100
13x 13 12 1600
37HS4 37HS2

I I

In general, units in an air series should not be of mixed
sizes (cfm capacities). If units of different capacities are used,
a controller must be applied for each size unit. For example,
an application for 800 cfm using different capacity units, as
shown in Fig. 21, is acceptable only with multiple controls.
This arrangement, although not preferred, can be used if care
is taken to use the necessary controllers. In this case, 3 con-
trollers are required. However, the best installation for an
800 cfm (nominal cfm total) would be one in which all the
units are the same size. (Fig. 22.) In this case, a single con-
troller can be used in the space.

37HS1 37HS1

—©

[

—©

I

J {

Fig. 21 — Air Series of Units with Different Capacities
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37HS2 37HS2

37HS2 37HS2

OR

37HS4

{

J

Fig. 22 — Air Series of Units of the Same Size and Capacity

FLEX DUCT IN AIR SERIES — Flexible duct is often used
in air series to connect Moduliffeunits. In calculating pres-
sure requirements for units in air series, use the following
guidelines:

1. For close-coupled units (either continuous diffuser or units
in adjoining ceiling modules) where the flexible duct used
is 6 to 8 in. in length, add 0.1 in. wg to unit requirement 3
for minimum static pressure at control unit (Table 10).

For example, consider three 37HS2 units in air series, in
adjoining modules, with 200 cfm per unit (Fig. 23). The
minimum static pressure for multiple units is equal to 0.75

in. wg (from Table 10). Adding 0.1 in. wg for flexible

duct, the total pressure downstream of run-out duct equals 4
0.85 in. wg.

2. For units in air series with extended flexible duct lengths,
add AP from Table 11.

For example, consider four 37HS2 units in air series,
200 cfm per unit (Fig. 24). The units are in alternate
series modules; 8-in. duct; 9- x 9-in. plenum. The
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minimum static pressure for multiple units is equal to 0.75
in. wg. Three lengths of flex duct at 4.5 ft equal 13.5 ft.
From Table 11, read with 8-in. duct dialP is equal to
0.16 in. wg for each 10 ft. of flex duct. Therefore, for
13.5 ft, AP is equal to 0.16 + 0.06 in. wg. The totaP
downstream of run-out duct is equal to 0.75 + 0.22
=0.97 in. wg.

. Flexible duct, unsupported, tends to sag; this deflection

increases the pressure drop. Whenever possible, support
the duct with wire between connections. Sagging will in-
crease the\P as much as 0.06 in. wg in a 10-ft length;
therefore rigid duct is recommended for lengths greater
than 5.5 ft.

The use of flexible duct in air series run-out when 90 de-
gree turns are required will also addP. Table 12 pro-
vides the additional pressure drop.

For example, refer to Fig. 25. The “straight” linkP is
equal to 0.97 in. wg. If a bend is added to the run-out, the
total pressure drop becomes:

0.97 + 0.16 = 1.13 in. wg.



Table 10 — Minimum Static Pressure at Control
(Master) Unit — Units with System-Powered

Controls and Standard Diffusers

Table 11 — Additional

AP for

Extended Lengths of Flexible Duct

FLEX TOTAL ADDITIONAL
DUCT CFM AP PER
S87HST | 37HS2 | arHs4 DIAM IN AIR 10 FT FLEX DUCT
PLENUM SIZE (in.) (in.) SERIES (in. wg)
AIRFLOW 7x7 7x7 9x9 6 200 0.2
(Cfm) 5x7 9x9 9x9 11 x 11 3 500 016
11 x 11 11 x 11 13 x 13 :
Minimum Static Pressure (in. wg) 10 1100 0.1
T 12 1600 0.07
2 0.75 0.75 N/A N/A
70
80
90 0.75 0.75 0.75 N/A
100
110 0.90 0.90 0.75 N/A Table 12 — Additional AP for
1‘218 NIA NIA 075 NIA Flexible Duct with 90-Degree Bend
160 FLEX TOTAL RADIUS ADDITIONAL AP
180 N/A N/A 0.75 0.75 DUCT CFM OF FOR 90° BEND
200 DIAM IN AIR BEND IN FLEXIBLE DUCT
220 N/A N/A 0.90 0.75 (in.) SERIES (in.) (in. wg)
>0 6 400 18 0.26
280 8 800 24 0.16
gég N/A N/A N/A 0.75 0 1100 20 0.08
200 12 1600 36 0.04
440 N/A N/A N/A 0.90

N/A — Not Applicable
NOTE: Maximum inlet pressure — 3.0 in. wg.
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C — Controller

Fig. 23 — Three 37HS2 Moduline ® Units in Adjoining Modules
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Fig. 24 — Four 37HS2 Moduline Units in Alternate Series Modules
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Fig. 25 — Flexible Duct Used with 90-Degree Bend

Step 4 — Determine Controller Location—  The
final step in the terminal selection and layout process is to
decide where the controllers will be placed.

The temperature control zones in the building will be de-
termined by the final partition layout. Before the final par-
tition layout has been determined, you must install enough
controllers to meet job requirement; the controllers can then
be relocated when the tenant layout is finished.

One of the main features of Moduline controls is that con-
troller locations can be changed quickly and easily at any
time.

Another main feature of Moduline controls is that more
than one unit can be controlled from a single thermostat. In
large interior zones the “master” unit (the one with the ther-
mostat) can be hooked up with control tubing to control sev-
eral “slaves”. Table 13 shows the maximum number of units
that can be controlled by one controller.

Table 13 — Maximum Number of Units in an
Air Series on One Controller

PLENUM
SIZE (in.)
FIRST UNIT [ gjngie
IN AIR Unit
SERIES*

5x 7t
7x7
9x9
11x11
7x7
9x9
11x11
9x9
11x11
13 x 13

NUMBER OF UNITS ON ONE CONTROLLER

MODEL Units in Air Series

3 4 5

N

x

37HS1

37HS2

XX XXX X[ X] X

37HS4

< x| ] x> [>x]>x]x]]

XU Ix>]][><]>x]x]]

X x| x> [><]x]x]]
|

x

*See Tables 6-8 for recommended combinations of units in air series.
TThe 37HS1 unit with 5 x 7 size plenum is available with blank end only; mul-
tiple units of this size would not be used on one control.

NOTE: The conditions stated in Table 9 must be included in evaluations for
selecting the number of units in an air series.
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GUIDELINES FOR CONTROLLER LOCATION

1. A master unit is mounted in the ceiling so that the air
intake is on the end of the unit opposite the end with the
control block and controller. (Fig. 26.)

2. A slave unit can receive air from either end of the unit.
Either end can be the inlet, assuming the inlet collar is
the same size as the connecting unit. At the same time, it
is good practice to place the “control” end of a slave unit
downstream as shown in Fig. 26. Should the slave unit be
later converted to a master unit, the unit would be in its
correct configuration for control installation.

3. The volume controller for a single unit should be located
on the end of the unit opposite the inlet end. (Fig. 27.)

CONTROL BLOCK ~

CONTROLS
Fig. 26 — Air Intake on Master Unit



4. The controller for units in an air series should be located
as shown in Fig. 28. _.b

5. Volume controllers for units in an air series must be con-
nected from master to slave units in the same air series; @
they must not be connected to units in a different air
series from that of the master unit. See examples shown l |

in Fig. 29 and 30. C — Controller
6. To connect slave units with control tubing, use the end i _ i
bellows fittings only; do not attempt to use the 0.25 molded Fig. 27 Locg:llosr}n(glg/ﬂmwe Controller

connection on the filter. See Fig. 31 for examples of con-
trol tubing connections.

TWO UNITS

o I

] L |

CONTROLLER AT END OF SECOND UNIT

THREE UNITS

~0o ] L] i | il

C ) ( — 1\0)/’7 ]

CONTROLLER AT END OF SECOND UNIT

FOUR UNITS
-5 ] T ? [ ]
: 37T ©1 R e
N~ e e e 7
CONTROLLER AT END OF SECOND OR THIRD UNIT
FIVE UNITS
=& 1 ] ] ] 1
[ T 17T SOt —

CONTROLLER AT END OF THIRD UNIT

C — Controller
Fig. 28 — Location of Volume Controller on Units in an Air Series
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EXAMPLES OF GUIDELINE USE — Figure 29 shows an incorrect application. Figure 30 shows the corrected layout.

An incorrect application:

1. Room A & B units are on the same controller but on different duct 140
air series.

2. Room B calls for half the cfm as in units in room A — not feasible ©/
because there is only one controller.

3. Units in room C are on different duct runs with one control — not
correct.

4. Units in room D are fine for one control, but controller should be 140
on second unit in air series. |

Fig. 29 — Incorrect Layout of Moduline @ Units with Controls
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The corrected layout:

1.

2.
3.
4.

Room A has its own controller.
Room B has its own controller.
Room C has a correct air series for one control.

Room D has the controller in the proper location.
Fig. 30 — Corrected Layout

FOR 2-UNIT CONNECTIONS

UNIT1

TOUNIT2

FOR 3=-UNIT CONNECTIONS
Fig. 31 — Control Tubing Connection
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Final Layout — After these 4 steps are complete, you
are ready to make a final layout.

The final layout should show not only the number and lo-
cation of the Moduline units, but also:

» the round duct size connected to the unit
* the controller location

* the control tube layout for connecting the master unit (with
thermostat) to all its slaves

« the cfm for the master unit (all slaves will be the same cfm
and need not be indicated)

» the model number of the unit to be used

THE MODULINE® VALVE

The Moduline Control Concept—  The 37HS Modu-

line system-powered control concept is based on using the
building’s primary air supply as a source of energy. The dis-
tribution duct pressure provides energy to operate the con-
trols that modulate the flow of air through the unit. The heart
of this system is a bellows-operated unit air valve, which is
positioned by varying the pressure of the air in the bellows
relative to the supply air pressure in the duct. As the pres-
sure in the bellows approaches the pressure in the supply
duct, the unit air valve opening is reduced, finally closing
completely when the pressures are equal.
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Figure 32 shows the Moduline terminal in cross section
with the valve in three positions — shutoff, partially open
and fully open. The valve opening varies with the pressure
of the bellows and the pressure of the plenum.

Figure 33 shows the internal components of the Moduline
unit.

Figure 34 shows the comparison of operating character-
istics between Carrier's new Moduline unit (the 37HS) and
the previous design.



UNIT SHUTOFF — BELLOWS FULLY INFLATED

Z G 7. 2 i 7

UNIT MODULATING — BELLOWS PARTIALLY INFLATED UNIT FULL CAPACITY — BELLOWS DEFLATED
Fig. 32 — Bellows and Unit Air Valve Arrangement
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Fig. 33 — Cross Section of 37HS Moduline
Air Terminal

37HS

U b

[

PLATE

]
=

|

HIGH AND LOW PRESSURE — As primary air flows from
the unit plenum to the unit air valve and from there to the
conditioned space, it passes through a slotted plate called
the distribution baffle. The resistance of the baffle tends to
“even out” the airflow through the unit. The baffle also cre-
ates a pressure differential which forms the basis of the sens-
ing side of the unit control.

Static pressure from above the baffle is called the high
pressure; static pressure below the baffle is the low pressure.
Figure 35 shows the pick-up tubes for the high and low pres-
sures, the differential pressure across the distribution baffle.

PREVIOUS DESIGN

DEFLATED a Li PAD
v— e

\ PLATE

HALF FULL i l J i
A—

w4 b

Fig. 34 — Bellows Comparison
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Fig. 35 — High and Low Pressure Pick-Up Tubes

BELLOWS PRESSURE — As the airflow through the unit
changes, the high and low pressures vary proportionately.
Comparing these 2 pressures, the unit volume controller pro-
vides a bellows pressure which in turn inflates the unit air
valve. Bellows pressure varies from near zero at full flow to
plenum or duct pressure at shutoff.

UNIT AIRFLOW DELIVERY — The relationship between

the bellows pressure and the plenum pressure determines the
unit air valve position, which controls unit airflow delivery.
When the pressures become nearly equal, the valve closes
and the unit shuts off. Conversely, as the bellows pressure
approaches zero, the valve opens completely and the unit
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delivers maximum flow, as determined by the existing ple-
num pressure. Units normally operate between these ex-
tremes. In constant volume applications, the bellows pres-
sure is automatically adjusted in proportion to the plenum
pressure, providing a constant pre-set flow within the oper-
ating limits of the unit. In variable air volume op-
eration, the bellows pressure is further modulated to reduce
flow below the preset level as load requirements are satis-
fied. After passing through the valve, the primary air flows
down through the diffuser and out to the conditioned space.

CONTROL APPLICATIONS

Introduction —  The Modulin€ terminal is offered with

a variety of cooling and heating control options which adapt
to many building applications. In this section, the various
control applications are described and the functions they in-
clude are identified. Each application has a function number
which corresponds to the function number shown in
Tables 14 and 15 in the Control Selection section, page 50.
Table 14 describes the functions; Table 15 shows the control
packages required for each function. The part numbers shown
are found on the Moduline air terminal price pages.

Detailed operating sequences for each control application
are found beginning on page 55.

System-Powered Controls

COMPONENTS OF THE SYSTEM-POWERED CON-
TROL SYSTEM — The 37HS system-powered control con-
sists of a set of custom design and manufacturer's compo-
nents which provide airflow and temperature regulation of a
Moduline air terminal. These devices are interchangeable,
field-installed components which plug into the Moduline unit
without the use of tools.

Figure 36 shows the basic components: Control block (part
of the unit); filter/manifold; volume controller; and thermo-
stat. Figure 37 demonstrates the control air paths in a sec-
tional view of the control system. Note that the high pres-
sure and low pressure pick-ups of the unit are connected through
the control block to the filter and from there to the volume
controller and thermostat.

Figure 38 shows the control filter/manifold; Fig. 39, the
airflow volume controller; Fig. 40, the diffuser thermostat
with aspirator; and Fig. 41, the wall thermostat and alternate
to diffuser mounting.



CONTROL CONTROL
FILTER .
/ BLOCK
|
T BELLOWS
CONNECTION
j\ PLUGGED

voLume " ConNESTION
CONTROLLER

DIFFUSER
THERMOSTAT

Fig. 36 — 37HS Control Components

PLENUM DISTRIBUTION
HI BAFFLI;

I
UL

i i BELLOWS

Fig. 37 — Basic 37HS Control Operation
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Fig. 38 — 37HS Control Filter/Manifold

Fig. 40 — Unit-Mounted (Diffuser) Thermostat
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Both CV and VAV control packages include a plastic baffle
which is installed over the vertical leg of the center diffuser
and blocks the unused portion of the diffuser slots. See
Fig. 42. On VAV units, this prevents stray air currents from
influencing thermostat operation.

Other control components used in extended system-
powered electric and pneumatic control schemes are de-
scribed in the control applications which follow.

vl ol N\
50 70 90

L ]

Fig. 41 — Wall-Mounted Thermostat

DIFFUSER SPACER

Fig. 42 — Diffuser Baffle Assembly



SYSTEM-POWERED APPLICATIONS

Constant Volume (CV) Cooling — (Function No. 1.) This is
the most basic operating configuration. The control arrange-
ment consists of the volume controller and the filter. The unit
maintains a steady flow of primary air at the quantity set on
the volume controller over a range of supply pressures. Fig-
ure 43 shows constant volume controls mounted on the Modu-
line® unit.

CV Heating (Function No. 1.) Constant volume heating con-
trols are the same as for CV cooling.

Variable Air Volume (VAV) Cooling — (Function No. 2 and
3.) The addition of a cooling thermostat to the constant vol-
ume controls allows the unit to vary the flow of primary air.
The unit will provide just enough airflow to satisfy the ther-
mostat setting at existing load conditions, up to the maxi-
mum flow set on the volume controller. The cooling thermo-
stat is direct acting (DA); thus the branch pressure output
from the thermostat increases as the space temperature in-
creases. Both diffuser-mounted and wall-mounted variations
are available. Figure 44 shows the system-powered VAV con-
trols (with diffuser thermostat) mounted on the unit.

Fig. 43 — Constant Volume Control
Arrangement

9

Fig. 44 — Variable Air Volume Control
Arrangement
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VAV Cooling With Warm-Up — (Function 4.) During an ex-
tended off period (overnight or during a holiday), the space
temperature will often be lowered. It is necessary to provide
heated air, temporarily, to reestablish comfortable tempera-
tures when occupancy resumes. Since the cooling thermo-
stats are satisfied at the reduced temperature, the units will
be shut off and the system will not be able to deliver warm
air. It is necessary, therefore, to provide a means of tempo-
rarily overriding the cooling thermostat. System-powered
warm-up is achieved by adding a warm-up switch to the VAV
cooling control arrangement (Fig. 45). The warm-up switch,
located inside the unit plenum, closes when it senses that
warm air is being supplied to the unit. This causes the bel-
lows to bleed, opening the unit. This condition is maintained
until cool air is returned to the system and the warm-up switch,
sensing cool supply air, returns control to the thermostat.

Where all Moduline units on a main duct-run are pro-
vided with thermostats for variable air volume control, it is
often difficult to get warm air to the end units on a run; with
the units in shutoff there is no significant flow which will
trigger the warm-up switch. Solutions to this situation are
found on page 58 in the Control Operating Sequences, VAV
Cooling with Warm-Up section.

Fig. 45 — VAV Control Arrangement for
System-Powered Warm-Up



VAV Heating and Cooling With Changeover — (Function SYSTEM-POWERED CONTROLS WITH ELECTRIC
5.) A VAV control arrangement for cooling/heating includes INTERFACE

a wall-mounted cooling/heating thermostat and provision to AV Cooling With Electric Warm-Up — (Function 6.) Elec-
change the thermostat from cooling to heating configuration  tric warm-up uses an electric changeover valve to perform
and back again. Figure 46 shows the control arrangement  ihe same function as system-powered warm-up; that is, to
with Moduline® control for heating and cooling. The wall provide heated air to reestablish comfortable temperatures
thermostat is shown in Fig. 47. The system-powered heating  \yhen occupancy resumes after an extended unoccupied pe-
and cooling changeover uses an assembly consisting of 2 o4, Since the cooling thermostats are satisfied at the re-
temperature-operated pneumatic switches located inside the  qyced temperature, the units will be shut off and the system
unit plenum and installed in-line between a cooling/heating il not be able to deliver warm air. It is necessary, there-
thermostat and the volume ContrO”er.- These SW”.:Ches se- fore' to prOVide a means of temporar“y Overriding the cool-
quence the thermostat between the cooling and heating modes, ng thermostat.

depending upon the temperature of the primary air supply. The changeover control is an electrically operated, re-

VAV Heating — (Function 9.) Variable air volume heating motely controlled 3-way solenoid valve. The normally closed

controls are the same as for VAV cooling except that only a  port of the valve is capped. The valve usually is wired to

wall-mounted heating thermostat is offered (Fig. 48). The  activate automatically with the supplemental heating switch;

heating thermostat is reverse acting (RA); thus the output  however, it can also be manually activated. This option may

pressure decreases as the space temperature increases. be used with either a unit-mounted or wall-mounted ther-
mostat. See Fig. 49.

VAV Heating and Cooling With Electric Changeover — (Func-
tion 7.) A VAV control arrangement for cooling/heating in-
cludes a wall-mounted cooling/heating thermostat (Fig. 47)
and provision to change the thermostat from a cooling to
heating configuration and back again. System-powered cooling/
heating with electric changeover uses a 3-way electric so-
lenoid valve to switch control between the cooling and heat-
ing functions of a cooling/heating wall-mounted thermostat.
It is installed in-line between the volume controller of a CV
cooling control package and the thermostat. The valve may
be activated separately or interlocked with an electric heat-
ing system. See Fig. 50.

Fig. 46 — System-Powered Changeover
Switch Arrangement with Heating/Cooling
Wall Thermostat

Fig. 49 — VAV Control Arrangement
for Electric Warm-Up

[ N R\ B )
50 70 90

HEATING COOLING

Fig. 47 — Cooling/Heating Wall Thermostat

[ N RN B
50 70 90

|

Fig. 50 — VAV Control Arrangement
Fig. 48 — Wall-Mounted Heating Thermostat for Electric Changeover
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VAV Cooling With Electric Heat Interlock — (Function 8.)

In cases where VAV cooling terminals are used in conjunc-
tion with a separate heating system, such as perimeter heat-
ing, it is necessary to prevent the heating equipment from
turning on before the cooling system turns off. The addition
of a differential pressure switch to the unit controls makes
this possible. When the switch detects that control pressures
are approaching a shutoff condition (cooling load satisfied),
it closes a set of contacts. This allows the heating system to
operate as the heating thermostat dictates. See Fig. 51.

Fig. 51 — VAV Control Arrangement with
Electric Heat Interlock

SYSTEM-POWERED CONTROLS WITH PNEUMATIC IN-
TERFACE — The Moduline unit is designed as a stand-
alone, reactive air terminal in which the only source of en-
ergy for control purposes is the distribution air itself. There
are applications where separate system energy affords ad-
ditional control functions not possible with system power.
This section covers the use of 20 psi pneumatic energy and
standard and custom pneumatic devices for the application
of Moduline terminals in a conditioning system.

Pneumatic Sequenced Cooling/Heating (Hot Water) — (Func-
tion 10.) A37HS VAV cooling system can be sequenced with

a hot water heating system through the use of a pilot valve
and a single proportional pneumatic thermostat (one-pipe or
2-pipe). See Fig. 52. By properly matching the operating pres-
sure ranges of the pilot valve and the field-supplied hot wa-
ter heat valve, the system can be configured to automatically
change over from cooling to heating and back again based
on the thermostat branch line pressure. The cooling and heat-
ing functions can be separated by a deadband or they can be
overlapped, depending upon pressure ranges selected. The
system may be designed to use either of the following
combinations:

« pilot valve (NO), hot water valve (NO) and thermostat (DA,
one- or 2-pipe)
« pilot valve (NC), hot water valve (NC), and thermostat (RA,
one- or 2-pipe)
VAV Cooling With Pneumatic Warm-Up — (Functions 11
and 12.) Pneumatic warm-up is accomplished by using a re-
motely operated pneumatic switch in place of the system-
powered warm-up switch. The pneumatic switch is installed
in-line between the volume controller and the thermostat (unit
mounted or wall mounted) and must be closed during
warm-up. It may be either normally open or normally closed,
but must match the pneumatic line pressure available. See
Fig. 53.
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VAV Cooling With Fire Safety — (Functions 11 and 12.) Code
requirements may specify that air distribution terminals be
open or closed during a fire. For example, in tower construc-
tion there may be a requirement that if a fire begins on one
floor the terminals on the “fire floor” must be shut off to
prevent the addition of oxygen to the fire; terminals on the
floors above and below the fire floor must be wide open to
ventilate the space. These actions must occur regardless of
the space temperature and the position of the individual duct-
powered thermostats (unit mounted or wall mounted). This
application is effectively the same as the pneumatic warm-up
previously described. In this case, the pneumatic switch is
remotely operated by the fire master control to open the ad-
jacent floor units. Air supply to units on the “fire floor” is
interrupted by the use of duct fire-dampers.

Fig. 52 — Pilot Valve for Pneumatic Sequenced
Cooling/Heating (Hot Water)

Fig. 53 — VAV Control Arrangement with
Pneumatic Warm-Up Switch



NOTE: The following applications require the control pack-
ages shown for Function 10, plus field-supplied thermostats
as described below.

Night Set Back Heating — In the interest of energy conser-
vation, it may be desirable to raise a system’s cooling set
point during unoccupied time periods, whether they occur at
night or on weekends, holidays or other occasions. This ap-
plication requires a field-supplied dual set point DA pneu-
matic thermostat operating on a switched-main pressure supply.
The air supply must have 2 pressure levels available. A nor-
mally open pilot valve, controlled by the dual thermostat, is
also required. The thermostat set point is determined by the
supply pressure selected.

VAV Cooling/Separate System Heating — A Modufneool-

ing system may be interlocked with a separate hot water heat-
ing system and controlled by a common thermostat. This ap-
plication requires a field-supplied switched-main pressure
supply, a field-supplied dual set point DA/RA pneumatic ther-
mostat, a pneumatic switching relay, a pilot valve, and a pneu-
matic hot water valve. The summer mode (cooling) or the
winter mode (heating) is selected by switching the pneu-
matic supply system pressure between high or low pressure
ranges. The pneumatic thermostat operates in either the cool-
ing mode (DA) or the heating mode (RA) depending on the
supply pressure provided. The pneumatic switching relay re-
sponds to the pressure level by selecting either the pilot valve
and the Moduline cooling system or the hot water valve and
the hot water heating system, to match the thermostat mode.

CONTROL SELECTION

Control Index — Table 14 summarizes the control func-
tions available with 37HS Moduline air terminals. These func-
tions are described in detail in the preceding Control Appli-
cations section.
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Control Packages — In order to obtain a desired set
of control functions with Moduline air terminals, the correct
combination of control packages is required. Table 15 shows
the control packages that must be installed on a master unit
in order to achieve each function. The control package num-
bers correspond to the numbers on the 37HS Price Pages.

Table 14 — Control Index

FUNNC&ION FUNCTION DESCRIPTION

Cooling or Heating Only, Constant Volume

1

2 Cooling Only, Variable Volume, Diffuser Thermostat
3 Cooling Only, Variable Volume, Wall Thermostat
4

VAV Cooling with System-Powered Warm-Up,
Wall Thermostat

5 VAV Cooling/Heating, System-Powered Changeover,
Wall Thermostat
6 VAV Cooling with Electric Warm-Up, Wall Thermostat
or Diffuser Thermostat
7 VAV Cooling/Heating, Electric Changeover,
Wall Thermostat or Diffuser Thermostat
8 VAV Cooling with Electric Heat Interlock
9 Heating Only, Variable Volume, Wall Thermostat
10 VAV Cooling with Pneumatic Sequenced Heating (Hot Water)

and Pneumatic Thermostat*

1 VAV Cooling with Pneumatic Warm-Up or Fire Safety Switch,
Wall Thermostat

12 VAV Cooling with Pneumatic Warm-Up or Fire Safety Switch,
Diffuser Thermostat

*For night set back heating, a field-supplied dual set point DA thermostat must
be used with the control packages and components shown in Table 15. For
VAV cooling/separate system heating, a field-supplied dual set point DA/RA
thermostat must be used with the control packages and components shown
in Table 15.



Table 15 — 37HS Control Combinations

CONTROL
NO. FUNCTION MODEL PACKAGES CONNECTION ARRANGEMENT
REQUIRED
SYSTEM POWERED 37HS1 37HS900003
VOLUME
CONSTANT VOLUME 37HS2 37HS900003 CONTROLLER
COOLING 37HS4 37HS900003
oW
BELLOW.
HIGH

SYSTEM POWERED

| HIGH

CAPPED
® (ASPIRATOR)

LOW

N\
BELLOWS

CONTROL PRESSURE

FILTER

37HS1 37HS900001

VARIABLE VOLUME
COOLING

DIFFUSER
THERMOSTAT

37HS2 | 37HS900002 VOLUME

CONTROLLER

37HS4 37HS900004

CONTROL
FILTER
THERMOSTAT
SYSTEM POWERED | 4 1o | 37HS900003
VARIABLE VOLUME 37CM901012
WALL THERMOSTAT s;ﬁg';ggggj
37HS4 | 37CM001012

| —o HIGH

.CAPPED
(ASPIRATOR)

N
BELLOWS
PRESSURE

CONTROL
FILTER

THERMOSTAT
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Table 15 — 37HS Control Combinations (cont)

CONTROL
NO. FUNCTION MODEL | PACKAGES CONNECTION ARRANGEMENT
REQUIRED
SYSTEM POWERED 37HS900003
37HS1 | 37CM900152
VARIABLE YOLUME 37CM901012
37HS900003
SYSTV%XRTAOUWPERED 37HS2 | 37CM900152
- 37CM901012 -
WALL THERMOSTAT* 37HS900003 CONTROLLER WARM-UP
37HS4 | 37CM900152
37CM901012 §>;|
4 | o HIGH
.CAPPED
(ASPIRATOR)
OoLowW
—
BELLOWS
CONTROL PRESSURE
FILTER
THERMOSTAT
SYSTEM POWERED 37HS900003
37HS1 | 37CM900192
VARIABLE VOLUME
HEATING & COOLING 2;.2?5&?5(?32
SYSTEM POWERED
37HS2 | 37CM900192
CHANGEOVER 37CM900992 ooLuME CHANGEOVER
WALL THERMOSTAT 37HS900003
37HS4 | 37CM900192 -
37CM900992 0
5 HIGH
CAPPED
@(ASPIRATOR)
|—
N
BELLOWS
CONTROL PRESSURE
FILTER
THERMOSTAT
SYSTEM POWERED 37HS900003
37HS1 | 37CM900792+
VAR s UME 37CM901012
37HS900003 TO CENTRAL
WALL THERMOSTAT* 37CM901012 CONTROLLER
37HS900003
37HS4 | 37CM900792t
37CM901012
L O HIGH
6 @ CAPPED
{ASPIRATOR)
I |
N
BELLOWS
CONTROL PRESSURE
FILTER
THERMOSTAT

*To use a diffuser thermostat in place of the wall thermostat, replace constant volume package 37HS900003 and wall thermostat 37CM901012

with variable volume package 37HS900001 (37HS1), 37HS900002 (37HS2) or 37HS900004 (37HS4).
tPackage 37CM900792 is 24 v; other voltages available.
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Table 15 — 37HS Control Combinations (cont)

CONTROL
NO. FUNCTION MODEL | PACKAGES CONNECTION ARRANGEMENT
REQUIRED
SYSTEM POWERED 37HS900003
37HS1 | 37CM900792+
VARIABLE VOLUME
HEATING & COOLING gzﬁg";é)gsgj
TO CENTRAL
ELECTRIC CHANGEOVER | 37ns2 | 37CM900792t STATION
WALL THERMOSTAT 37CM900992 VOLUME ELECTRIC CHANGEOVER
CONTROLLER
37HS900003 !
37HS4 | 37Ccm900792t
37CM900992
—OHIGH
7 @ CAPPED
(ASPIRATOR)
LOW
—
N
BELLOWS
CONTROL PRESSURE
FILTER
THERMOSTAT
SYSTEM POWERED a7Hs1 | 37HS900001
VARIABLE VOLUME 37CM900922
DIFFUSER THERMOSTAT** CONTROLLER
37Hsa | 37HS900004 RTERLOGK
ELECTRIC 37CM900922
INTERLOCK TO FAN COIL
OR BASEBOARD HEATING LOW  HIGH
8
N
BELLOWS
CONTROL PRESSURE
FILTER
AUXILIARY
THERMOS TAT BELLOWS PORT
SYSTEM POWERED s7Hs1 | 37HS900003
VARIABLE VOLUME 37CM901002
HEATING 37Hs2 | 37HS900003 coLumE
WALL THERMOSTAT §;ﬁg§§§§§§
37HS4 | 37CM901002
o HIGH
9 o CAPPED
(ASPIRATOR)
~N
BELLOWS
CONTROL PRESSURE
FILTER
THERMOSTAT

tPackage 37CM900792 is 24 v; other voltages available.

**To use a wall thermostat in place of the diffuser thermostat, replace variable volume packages 37HS900001 (37HS1), 37HS900002 (37HS2) or
37HS900004 (37HS4) with constant volume package 37HS900003 and add wall thermostat 37CM901012.
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Table 15 — 37HS Control Combinations (cont)

DA — Direct Acting

NC — Normally Closed

NO — Normally Open
RA — Reverse Acting

CONTROL
NO. FUNCTION MODEL PACKAGES CONNECTION ARRANGEMENT
REQUIRED
SYSTEM POWERED 37HS900003
VARIABLE VOLUME 37CM900972 (NO) CONTRE eR
COOLING with
PNEUMATIC 37HS1 | 37HS900007 (DA)
PILOT VALVE FOR 37CM9003]82 (NC)
HEATING/COOLING Wi ATING
SEQUENCE 37Hs900008 (RA) |  "IVE
PNEUMATIC 37HS900003
WALL 37CM900972 (NO)
THERMOSTATtt with
10 37HS2 | 37HS900007 (DA)
37CM900982 (NC)
with
37HS900008 (RA) ¢
PNEUMATIC BELLOWS
37HS900003 THERMO-  |@ 5 CONTRoL PRESSURE
37CM900972 (NO) | STAT FILTER
with | i
87HS4 | 87HS900007 (DA) PNEUMATIC INTERFACE
37CM900982 (NC) PILOT VALVE
with
37HS900008 (RA)
SYSTEM POWERED 37HS900003 VOLUME
VARIABLE VOLUME | 37HS1 a0 CONTROLLER
COOLING 37HS900003 0
LOwW
WALL THERMOSTAT | 3752 37CM901012 _—
PNEUMATIC 37HS900017 L
WARM-UP/FIRE 37HS900003 HIGH
SWITCH 37HS4 37CM901012
37HS900017
11
WALL BELLOWS
THERMOSTAT CONTROL PRESSURE
FILTER
PNEUMATIC
WARM—-UP/FIRE SWITCH
PNEUMATIC ,
SUPPLY
SYSTEM POWERED | 5o1.oq 37HS900001 VOLUME
VARIABLE VOLUME 37H5900017 CONTROLLER
COOLING 37HS2 37HS900002
37HS900017
DIFFUSER
THERMOSTAT 37HS4 37HS900004
37HS900017
PNEUMATIC
WARM-UP/FIRE
SWITCH
® (ASPIRATOR
12
BELLOWS
DIFFUSER
THERMOSTAT CONTROL PRESSURE
PNEUMATIC
WARM—UP/FIRE SWITCH
PNEUMATIC
SUPPLY
For night set back heating, a field-supplied dual set point DA ther-
LEGEND T 9 J PP P

mostat must be substituted for thermostat packages shown. For
VAV Moduline® cooling/separate system heating, a field-supplied
dual set point DA/RA thermostat must be substituted for thermo-
stat packages shown.
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CONTROL OPERATING SEQUENCES

System-Powered Controls

CV COOLING — See Fig. 54. Air from above the distri-
bution baffle (high pressure) enters the filter through the up-
per port of the control block, while the lower port receives
air from below the baffle (low pressure). These air streams
pass through separate filter chambers where particulate con-
taminants are removed.

The low pressure air stream enters the low pressure cham-
ber of the volume controller from the top port of the filter,
while the bottom port of the filter feeds the high pressure
stream into the controller’s high pressure chamber.

Air from the high pressure chamber feeds into the bellows
pressure chamber of the controller through the fixed orifice.
Pressure in the bellows chamber of the volume controller is
determined by the relationship between the entering flow re-
sistance of the fixed orifice and the leaving flow resistance
of the control valve variable orifice.

As the control valve opens, its resistance decreases and
relatively more air is allowed to bleed, lowering the pressure
in the bellows chamber. As the control valve closes, the ef-
fect is reversed, increasing the bellows pressure. This is the
principle of control by matched orifices.

The control valve is positioned by 2 diaphragms, one in
the low pressure chamber and one in the high pressure cham-
ber, and an adjustable spring. Pressure above the low pres-
sure diaphragm tends to open the control valve while the
high pressure diaphragm tends to hold it closed. The spring
tension balances these forces as the pressures vary and de-
termines the valve position. Rotating the adjusting dial on
the volume controller changes the spring tension and pro-
vides a means of establishing a flow set point.

The bellows pressure determined by the action of the con-
trol valve is communicated to the bellows. As the plenum
pressure changes, the control bellows valve is constantly re-
set to maintain a corresponding bellows pressure. The bel-
lows pressure chamber of the volume controller feeds air back
through the middle port and chamber of the filter (also called
a bellows pressure chamber), to the bellows connection on
the unit end panel, and into the bellows. The bellows pres-
sure re-sets the bellows on the unit air valve to provide a
constant airflow through the unit at the value selected on the
volume controller dial.

CV HEATING — Control arrangements and operation are
the same for CV heating as for CV cooling. The controls and
their operation are not affected by the temperature of the sup-
ply air.

PLENUM DISTRIBUTION
HI BAFFLE

\\\\\

SANNANINNNNNNNN
ANANINNNNNNANNY
ANANNNINANNNNAN

NN

N

| FILTER

CONTROL

“\\\\\\\\\\w\\\\\\\“\_

Fig. 54 — Constant Volume Controls — Controller Bleeding, Unit Supplying Air
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VAV COOLING — In VAV operation, the filter and volume
controller perform the same functions as in CV operation.
The unit-mounted thermostat modifies control operation as
described below.

Refer to Fig. 55. The air enters the low pressure chamber
of the volume controller through a fixed orifice. The low pres-
sure chamber is connected through a stub fitting and tube to
the unit-mounted thermostat. The thermostat senses room tem-
perature, closes its port as the temperature rises, and opens
it as the temperature falls. This makes it possible to control
the pressure in the low pressure chamber in response to the
space temperature. With normal space temperatures, and the
thermostat satisfied, the low pressure chamber valve is open
to the atmosphere through the thermostat. The rate at which
the valve bleeds air from the low pressure chamber is high
in relation to the rate at which air enters through the orifice,
and the pressure decreases in relation to the high pressure.
The high pressure force is stronger than the low pressure
force and the bleed valve of the bellows pressure chamber of
the controller is held closed. Since no air escapes, the bel-
lows pressure becomes equal to the high pressure in the ple-
num and the unit damper is closed, shutting off the unit.

As the room load increases, the space temperature in-

creases. The thermostat senses this change and starts to close,

VOLUME CONTROLLER

DIFFUSER THERMOSTAT

raising the pressure in the low pressure chamber of the con-
troller. As the low pressure rises, it gradually overcomes
the high pressure and opens the bellows pressure-chamber
bleed valve, lowering the bellows pressure proportionally.
This allows the unit damper to open and gradually increase
the flow of conditioned primary air into the space. See
Fig. 56.

This process continues until the flow of primary air is suf-
ficient to offset the load, or until the flow level set point of
the volume controller is reached (Fig. 57). At this point, the
thermostat bleed is closed and the unit is actually operating
in CV configuration. As the load is reduced, the process is
reversed and the unit flow decreases proportionally until the
unit is shut off when the thermostat is satisfied (bleed fully
open) (Fig. 58). In this manner, the unit normally delivers
only the actual amount of primary air needed to offset the
existing load.

When the wall-mounted DA thermostat is used in place of
the unit-mounted thermostat, variable air volume control op-
eration is the same as described above for the unit-mounted
thermostat. The only difference is that the wall-mounted ther-
mostat does not include the aspiration feature.
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Fig. 55 — Variable Volume Controls Schematic
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Fig. 56 — Variable Volume Controls — Minimum Flow: Thermostat Partially Open,
Controller Partially Open, Unit Delivering Minimum Flow

PLENUM DISTRIBUTION
HI BAFFLE

\\\\\\\

=
e

%

N
\\\\\\\\\\\\\\

DIFFUSER THERMOSTAT

Fig. 57 — Variable Volume Controls — Full Cooling, Thermostat Closed, Controller Bleeding,
Unit Supplying Air
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Fig. 58 — Variable Volume Controls — Thermostat Open,
Controller Shut Off, Unit Shut Off

VAV COOLING WITH WARM-UP — Including the warm-

fup switch in the volume controller/thermostat circuit al-
lows the unit to deliver air when there is warm air in the duct
system, even though the cooling thermostat is satisfied by
cool space temperature.

The warm-up switch is actually a temperature controlled
pneumatic valve which is normally open at primary air sup-
ply temperatures below approximately 64 F. It is installed
in-line between the volume controller and the thermostat.

When warm primary air is supplied to restore comfort con-
ditions in the space after an extended shutdown, the warm-up
switch reacts by closing (Fig. 59). This removes the ther-
mostat from the control circuit and prevents air from bleed-
ing from the low pressure chamber of the volume controller.
This condition simulates a thermostat calling for maximum
primary-air delivery. The unit is now, in effect, a CV unit
and operates at the set point of the volume controller. This
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condition will continue as long as air in the duct system re-

mains at a temperature higher than approximately 80 F. As
the supply air returns to normal cooling temperatures, the
switch opens and control is returned to the cooling thermo-
stat. See Fig. 60.

Because the units are shut off, it may be difficult to es-
tablish the flow of warm air to initiate warm-up. One method
of overcoming this problem is to install one or more CV units
near the end of the duct run. Where possible, a constant vol-
ume unit is located in space not continuously occupied such
as halls, aisles, or storage rooms. It can also be helpful in an
area benefiting from continuous circulation. By locating such
a unit at the end of a duct run, the heated air for morning
warm-up is assured of reaching the VAV units. See Fig. 61.
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Fig. 59 — Cooling with Warm-Up — Morning, Hot Air in Duct, Warm-Up Switch Closed,

Controller Bleeding, Unit Heating
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Fig. 61 — Location of CV Unit for Warm-Up Application

VAV HEATING AND COOLING WITH SYSTEM-
POWERED CHANGEOVER — This application uses a CV
control package along with a wall-mounted thermostat pack-
age (cooling/heating) and a system-powered changeover con-
trol package. The cooling thermostat is direct acting (DA)
while the heating thermostat is reverse acting (RA).

Operation is very similar to system-powered warm-up. The
changeover switch assembly is field installed in the unit ple-
num and is piped in-line between the volume controller and
the thermostat. It consists of 2 thermally operated pneumatic
valves, one for each thermostat. The tube from the volume
controller is connected by a ‘T’ into the valve assembly,

making control air available to each valve. The valve for the
DA cooling thermostat is normally open as long as there is
cool supply air in the plenum (Fig. 62). The other valve is
normally open when warm air is being supplied, matching
the RA heating thermostat (Fig. 63). Each valve is con-
nected to the corresponding thermostat by a separate tube.
In the cooling mode (Fig. 64), the cooling valve is open,
activating the cooling thermostat, while the heating thermo-
stat is isolated by the closed heating valve. On changeover
from cooling to heating, the cooling valve closes and the
heating valve opens, shifting control to the heating thermo-
stat (Fig. 65).
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Fig. 62 — Heating/Cooling Unit — Cooling, Cold Air in Duct, Changeover in Cooling,
Thermostat Open, Controller Shut Off, Unit Shut Off
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Thermostat Open, Controller Shut Off, Unit Shut Off
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VAV HEATING — It is suggested that the following section
be reviewed before reading this section: VAV Cooling,
page 56.

Combining a diffuser-mounted constant volume control pack-
age with a wall-mounted thermostat package (heating only)
allows the use of Modulife units in VAV heating
applications.

The operation of the heating only thermostat is opposite
to that of the cooling only thermostat in that the heating only
thermostat is reverse acting (RA) instead of direct acting (DA).
The thermostat’s bleed valve is open when the room tem-
perature is above set point. It bleeds air from the low
pressure chamber of the volume controller, lowering its pres-
sure, and allowing the relatively stronger pressure of the air
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in the controller’s high pressure chamber to hold closed the
bleed from the controller’s bellows pressure chamber. The
bellows pressure becomes equal to the high pressure in the
unit plenum, closing the unit damper and shutting off the
unit discharge. See Fig. 66.

As the room temperature falls, the thermostat bleed closes
proportionally. This raises the pressure of the air in the low
pressure chamber of the controller, forcing the bellows pres-
sure chamber bleed open and lowering the bellows pressure
proportionally. The damper opens and the unit delivers air to
meet the existing demand in the conditioned space.
See Fig. 67.
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Fig. 66 — Variable Volume Controls — Thermostat Open, Controller Shut Off, Unit Shut Off

63



4,

Y

DIFFUSER THERMOSTAT

PLENUM DISTRIBUTION
HI BAFFLIE

\\\\\

e—dl 1b\

BELLOWS
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Controller Partially Open, Unit Delivering Minimum Flow

System-Powered Controls with Electric
Interface

VAV COOLING WITH ELECTRIC WARM-UP — Another
approach to warm-up is the addition of an electric warm-up
valve; the operating principle is the same as system powered
warm-up. A building with its conditioning system shut down
during unoccupied hours must be brought close to operating
temperature before the occupants arrive. Heated air supplied
to the space from a central unit can quickly restore operating
conditions. But because the VAV thermostat has closed the
unit, the result of the lack of load, the system powered con-
trol needs to be overcome.

An electric warm-up valve located on the Moduline unit
between the volume controller and the thermostat is wired to
the primary air source machine room. The valve can be
activated by a simple manual or timer switch or it can
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be connected to the warm-up terminal of the central station
unit, if such is provided. Thus, when heated air be-

gins to flow in the distribution duct, the bellows is bled down

by the action of the electric warm-up valve and heated air
can flow into the conditioned space (Fig. 68).

In the cooling mode (Fig. 69), air flows freely between
the volume controller and the thermostat and control func-
tion is not affected. When warm-up is activated, the nor-
mally open port closes and the control circuit is closed after
the volume controller. As with system powered warm-up,
this causes the pressure to rise in the low pressure chamber
of the volume controller and opens the valve that bleeds air
from the bellows pressure chamber. The increased bleed rate
lowers the bellows pressure, opening the unit damper, and
allowing the flow of primary air to increase up to the con-
stant volume set point of the volume controller.
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Fig. 68 — Cooling with Warm-Up — Morning, Hot Air in Duct, Warm-Up Switch Closed,
Controller Bleeding, Unit Heating
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Fig. 69 — Cooling with Warm-Up — Nighttime Condition, Room Cool, Thermostat Open,
Bleeding, Warm-Up Open, Controller Shut Off, Unit Shut Off

65



VAV HEATING AND COOLING WITH ELECTRIC
CHANGEOVER — This application uses a CV control pack-
age along with a wall-mounted thermostat package (cooling/
heating) and an electric changeover package. The change-
over valve permits control of the unit to be switched between
the cooling and heating sides of a cooling/heating thermo-
stat. It is field-installed in-line between the volume control-
ler and the thermostat.

Refer to Fig. 70-73. In cooling operation, the NO port of
the valve opens the control circuit between the volume

ELECTRIC CHANGEOVER
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controller and the cooling side of the thermostat. Because
the NC port is closed, the heating side of the thermostat is
locked out of the system. Upon changeover to heating, the
solenoid valve is energized. The NO port closes and the NC
port is opened, and the control circuit switches to the heat-
ing side of the thermostat. Typically, the solenoid valve is

wired to activate automatically when the heating system is
turned on, although it may be operated by a simple on/off
switch.
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Fig. 70 — Heating/Cooling Unit — Cooling, Cold Air in Duct, Electric Changeover in Cooling,
Thermostat Open, Controller Shut Off, Unit Shut Off
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Fig. 73 — Heating/Cooling Unit — Heating, Hot Air in Duct, Electric Changeover in Heating,
Thermostat Closed, Controller Bleeding, Unit Heating

VAV COOLING WITH ELECTRIC HEAT INTERLOCK —

A conditioned space may contain a Moduline system for cool-
ing and a separate heating system such as baseboard electric
or hot water or an overhead fan coil. The electric interlock
switch enables the cooling and heating systems to operate as
the load dictates with overlap.

The electric interlock switch compares the bellows pres-
sure with the low pressure, as a practical means of detecting
the operating level of the unit. When the unit is delivering,
the bellows pressure is significantly lower than the low pres-
sure and the electric interlock (differential pressure) switch
is open, interrupting the power supply to the heating system.
When the unit is shut off, the pressures are approximately
equal and the switch closes, allowing the heating system to
be energized. It is field installed with the low pressure port
piped to the auxiliary bellows pressure stub of the filter. (See
Fig. 74.) The high pressure port is connected by a “T” into
the line between the volume regulator and the thermostat.
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System-Powered Controls with Pneumatic
Interface

PNEUMATIC SEQUENCED HEATING/COOLING (HOT
WATER) — By using a 20 psi pneumatic source, one ther-
mostat can control both heating and Moduline cooling in the
conditioned space. The pneumatic circuit is interfaced with
the system-powered circuit by use of a pilot valve. In cool-
ing, the Moduline airflow is controlled by the duct-powered
volume controller just as in all system-powered control. As
the schematic diagram shows, a DA pneumatic wall ther-
mostat working through the pilot valve, replacing the system-
powered thermostat, modulates the pilot valve and thus the
volume controller low side pressure.

Figure 75 shows the piping diagram. Figure 76 shows the
sequence diagram for a direct acting thermostat with a nor-
mally open pilot valve. With the system shut down and the
space temperature low, at start-up the thermostat branch pres-
sure is low, and the normally open water valve (or other heat-
ing means) is open. As the space temperature rises, the branch
pressure rises, modulating the water valve to a closed po-
sition. The pilot valve is normally open, with set point above
water valve spring rate, thus maintaining a low pressure in
the low side of the volume controller, closing the bleed valve
in the controller and raising the bellows pressure to the duct
pressure level; this results in unit shutoff.

If the space temperature continues to rise, the NO pilot
valve will modulate toward closed, raising the low side pres-
sure, opening the bleed, reducing the bellows pressure, and
opening the Moduline unit air valve. The airflow will rise
until the volume controller setting is reached.

Note that the spring rates of the hot water valve and the
pilot valve must be properly matched to accomplish the ac-
tion described above.

A heating/cooling sequence can also be accomplished with
areverse acting circuit (Fig. 77 and 78). At start-up, the tem-
perature is low, the branch pressure is high, and normally
closed water valve is wide open. As the space temperature
rises, the branch pressure falls and the water valve closes,
stopping the heating supply. The pilot valve is NC and thus
at branch pressures above its setting will open, volume con-
troller low pressure will be reduced, the bellows pressure
will rise and the unit will shut off.

LEGEND FOR FIG. 75 - 78

DA — Direct Acting NC — Normally Closed
HW — Hot Water NO — Normally Open
M — Main RA — Reverse Acting
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Fig. 75 — Piping Diagram, Heating/Cooling
Sequence, DA Thermostat
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Fig. 76 — Sequence Diagram — DA Thermostat
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Fig. 77 — Piping Diagram, Heating/Cooling
Sequence, RA Thermostat
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Fig. 78 — Sequence Diagram, RA Thermostat




VAV COOLING WITH PNEUMATIC WARM-UP OR FIRE
SAFETY SWITCH — Through the use of a specific pneu-
matic switch, the functions of pneumatic warm-up and fire
safety can be added to Modulihénstallations.

Pneumatic warm-up offers an opportunity to open all Modu-
line units in an area to allow immediate hot air distribution
prior to the building occupancy. Through the use of a sepa-
rate pneumatic signal, the pneumatic warm-up switch, placed
in-line between the Moduline volume controller and the dif-
fuser or wall system powered thermostat, closes the low pres-
sure bleed in the thermostat line (in the same way as the
system powered warm-up switch). This raises the low side
pressure, opens the volume controller bleed and lowers the
bellows pressure, allowing airflow from the Moduline ter-
minal at the setting of the volume controller.

The pneumatic warm-up switch can be piped either NO or
NC. Figure 79 shows an NO arrangement. The switch is non-
adjustable and preset to close8at+ 2.0 psig. Thus a signal
pressure in excess of 10 psi will cause the switch to close.
A pneumatic warm-up switch is required for each Moduline
unit but only one pneumatic signal valve is required for mul-
tiple Moduline units. Figure 80 shows the basic piping.

The field-supplied 3-way pneumatic valve is supplied with
main pressure and is closed in cooling operation. When heat
for warm-up is required, a signal sent from the heat source
opens the pneumatic valve, supplying main pressure to the
Moduline pneumatic warm-up switches. When the heat is
discontinued, the pneumatic valve opens and the switches
return to an open configuration.

Note that the pneumatic warm-up switch is a nonbleed
device. The pneumatic valve should therefore be a 3-way
device, arranged to bleed out the pneumatic circuit down-
stream of the valve when the valve is closed.

The pneumatic warm-up switch can be arranged as an NC
device; Fig. 81 gives the piping connections.

For fire safety, the same switch is added to the Moduline
control circuit as a normally open fire safety switch as shown
in Fig. 82A. The fire safety switch on each Moduline ter-
minal is connected to a pneumatic distribution circuit on each
floor of the building. A 3-way valve is connected to the switches
and to the fire master control as shown in Fig. 83.

The operation is identical to the pneumatic warm-up cir-
cuit. At the onset of a fire, the fire master control opens the
Moduline units on the non-fire floors by closing the Modu-
line fire safety switches, raising the controller low side pres-
sure and bleeding the bellows. The 3-way pneumatic valve
on each floor supplies pneumatic pressure in excess of the
set point of 8) + 2 psig. On the fire floor where air is to be
shut down, the distribution system uses a duct fire-damper
to stop the air, and the fire safety switch position is not the
determining factor in the Moduline operation.

If a normally closed fire switch is required, see piping dia-
gram shown in Fig. 82B. In this case, pneumatic pressure is
maintained on the fire switch when the system fan is acti-
vated. Loss of pneumatic pressure closes the fire switch, bleed-
ing the bellows.

LEGEND FOR FIG. 79 - 83
HW — Hot Water NO — Normally Open

M — Main S — Switch
NC — Normally Closed T — Thermostat
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Fig. 79 — Piping Diagram, NO Configuration,
Pneumatic Warm-Up
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Fig. 82A — NO Configuration for Fire Safety
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Fig. 82B — NC Configuration for Fire Safety
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Fig. 83 — Fire Safety Switch Floor Layout
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AIRFLOW ADJUSTMENT

Each 37HS volume controller is equipped with a maxi-
mum cfm lever for setting the required unit airflow in the
field. The lever is located at the bottom of the controller. See
Fig. 84. The controller has a star wheel located at the top of
the controller for setting the minimum airflow. The star wheel
is also shown in Fig. 84.

Maximum Airflow (Cfm) Adjustment—  The 37HS
maximum airflow adjustment lever is common to all sizes
and is divided into levels of percent cfm. Table 16 shows the
unit airflow that will be obtained by each lever setting for
each unit size.

Table 16 — Maximum Airflow Settings

LEVER SETTING UNIT AIRFLOW (CFM)
(% CFM) 37HS1 37HS2 37HS4
120 120 240 480
100 100 200 400
80 80 160 320
40 40 80 160

The maximum cfm is the unit airflow obtained when the
thermostat is calling for full cooling in a VAV system; it is
the design cfm for the space conditioned by the unit or units
regulated by one controller.

To set maximum cfm with zero minimum cfm:

1. Set diffuser or wall thermostat for maximum cooling.

2. Turn the minimum cfm star wheel counterlockwise until
the internal stop is reached. Do not attempt to override

stop. (Minimum cfm has been set at zero, and the unit
will turn off when required.)

3. Adjust maximum cfm lever to desired percent cfm.

Minimum Airflow (Cfm) Adjustment — Some ap-
plications require both a design maximum cfm and a mini-
mum cfm. The 37HS controller can be set to provide both
airflow requirements.

To set maximum and minimum cfm:

1. Set diffuser or wall thermostat for maximum cooling.

2. Turn the minimum cfm star wheel counterclockwise un-
til the internal stop is reached. Do not attempt to override
stop.

3. Shut off unit by adjusting thermostat to zero cool-
ing, or disconnect tube from volume controller to
thermostat.

4. Place a standard airflow hood against the outlet of the
master unit and slowly turn the minimum cfm star wheel
on the controller clockwise until the desired minimum cfm
is reached.

5. Return the thermostat to the desired setting and/or recon-
nect tube between volume controller and thermostat.

6. Adjust maximum cfm lever to desired percent cfm.



MINIMUM CFM
STAR WHEEL

MAXIMUM CFM LEVER

VOLUME CONTROLLER

Fig. 84 — Minimum and Maximum Airflow Adjustments, 37HS Controller

Variation in Maximum Airflow —  As explained in
the Terminal Selection and Layout section, Modufinmits

in air series can be controlled individually with a volume
controller at each unit, or with a master/slave combination,
where one controller is used with multiple units. All
the units on one controller must be of the same model
(capacity).

In master/slave combinations, some variation in maxi-
mum airflow among the terminals in air series will occur.
The variation in maximum airflow is a function of the unit
plenum size, the model, and the number of units in an air
series on one controller. Table 17 shows the expected varia-
tion from the unit with the smallest airflow to the unit with
the largest airflow.

For single units with controller, the cfm variation from
the lever setting is + 10%.
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Table 17 — Multiple Unit Airflow Variation

APPROXIMATE AIRFLOW VARIATION (Cfm)
LOWEST UNIT TO HIGHEST UNIT IN AIR SERIES*
MODEL SPI'-ZEEN(LiJn'\_") Number ofo lhlglt'é cjgtfglrl eSreries on
2 3 4 5
7x7 10 15 20 _
37HS1 9x9 10 15 20 25
11 x 11 10 15 20 25
7x7 20 — — —
37HS2 9x9 20 30 40 —
L x 11 20 30 40 _
9x9 40 — — —
37HS4 11 x 11 40 60 — —
13x13 20 60 80 —

*Values shown are based on a typical short, straight duct run be-
tween units. Variation shown may be affected if there are excessive
duct pressure losses between units.

NOTE: The variation value shown in Table 17 for a given number of
units of a certain model size (capacity) is the same for all size ple-
nums used in an air series of recommended combinations for that
model size. Thus, 3 units of model size 37HS2, plenum size 9 x 9, will
have a maximum variation of 30 cfm; 3 units, plenum sizes 9 x 9 (2)
and 7 x 7 (1) will also have a maximum variation of 30 cfm. A dash
indicates that the quantity of a particular plenum size is not recom-
mended in air series for that unit size.



AIR DISTRIBUTION

Linear slot diffusers are an integral part of the Moduline
unit. They provide excellent air distribution for the condi-
tioned space. The diffuser configuration is designed to in-
duce room air, creating continuous air motion for occupants
of the room and reasonably consistent temperatures from floor
to ceiling.

Figure 85 shows how cool primary air discharged at the
ceiling line induces room air toward the diffuser. The cool
air mixes with the room air, creating room air motion and
raising the temperature of the air descending upon the room
occupants. Figure 86 provides a typical room air distribution
pattern for 2-way blow and one-way blow Moduline units.
The upper number on the distribution pattern is the mixture
temperature; the lower number is the air velocity in ft/min.

Avariety of diffuser assemblies are available for the Modu-
line unit. Tables 18 - 20 show the standard diffusers avail-
able, which can be ordered directly from the price pages.
Tables 21-23 show the optional diffusers, which can be pro-
vided by quote control.

The difference in standard 37HS diffusers and optional 37A
diffusers is demonstrated in Fig. 87. The slot opening in the
37HS is larger than that of the 37A, reducing the net pres-
sure required from the unit and somewhat reducing the throw.

Note that the dimensions of the diffuser shown in Fig. 87
are useful when matching units or 35BD boot diffusers in
the ceiling. Certified dimension drawings are available for
these diffusers and the other optional diffusers shown in
Tables 21-23.

——

Fig. 85 — Moduline @ Diffuser Mixing Room Air and Primary Air
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Fig. 86 — Typical Room Air Distribution Pattern
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ndard and Optional Diffusers

Fig. 87 — Slot Openings in Sta



Table 18 — Standard Diffusers for 37HS1

UNIT
MODEL

LENGTH CEILING

DESIGNATION CONFIGURATION FLOW MATERIAL MODE (in.) TYPE

23
47

T-Bar

22.92
46.92

Tegular T-Bar

24

H 2-Way Alum Cooling P Continuous T-Bar

23.38
47.38

Narrow T-Bar

1174 mm
1200 mm

Metric

23
a7

T-Bar

22.92
46.92

Tegular T-Bar

24
One-Way Alum Cooling s Continuous T-Bar

23.38
47.38

Narrow T-Bar

1174 mm
1200 mm

Metric

23 T-Bar

Two-Way 22.92 Tegular T-Bar

37HS1 HS Alum Heating

or :
One-Way Cooling

24 Continous T-Bar

23.38 Narrow T-Bar

23
47
22.92
46.92
24
48
23.38
47.38

Plaster, Spline

2-Way Steel Cooling

REMOVABLE DIFFUSER 1174 mm Metric

1200 mm

23
47
22.92
46.92
24
48
23.38
47.38

Plaster, Spline

2-Way Alum Cooling

1174 mm

Metric
REMOVABLE DIFFUSER 1200 mm
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Table 19 — Standard Diffusers for 37HS2

UNIT
MODEL

LENGTH CEILING

DESIGNATION CONFIGURATION FLOW MATERIAL MODE (i) TYPE

a7
59

T-Bar

46.92
58.92

Tegular T-Bar

48

H 2-Way Alum Cooling 0 Continuous T-Bar

47.38
59.38

Narrow T-Bar

1174 mm
1200 mm

Metric

47
59

T-Bar

46.92
Tegular T-Bar

58.92
i 48 .
J One-Way Alum Cooling 50 Continuous T-Bar
47.38

Narrow T-Bar
59.38

1174 mm
1200 mm

Metric

47
59

T-Bar

46.92
58.92

Tegular T-Bar

2-Way i 48
or Alum Heating

37HS2 HS f
One-Way Cooling 60

Continuous T-Bar

47.38
DIRECTOR DIFFUSER 5938 Narrow T-Bar

1174 mm
1200 mm

Metric

a7
59
46.92
58.92
48
60
47.38
59.38

Plaster, Spline

2-Way Steel Cooling

1174 mm
1200 mm

Metric

47
59
46.92
58.92
48
60
47.38
59.38

Plaster, Spline

2-Way Alum Cooling

1174 mm )
REMOVABLE DIFFUSER Metric
1200 mm
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Table 20 — Standard Diffusers for 37HS4

UNIT LENGTH CEILING
MODEL DESIGNATION CONFIGURATION FLOW MATERIAL MODE (in.) TYPE
47
T-Bar
59
46.92
Tegular T-Bar
58.92
' 48 .
2-Way Alum Cooling 50 Continuous T-Bar
JL 47.38
Narrow T-Bar
59.38
1174 mm R
Metric
1200 mm
47
T-Bar
59
46.92
Tegular T-Bar
58.92
' 48 .
J One-Way Alum Cooling 50 Continuous T-Bar
47.38
Narrow T-Bar
59.38
1174 mm X
Metric
1200 mm
47
T-Bar
59
46.92
Tegular T-Bar
58.92
2-Way i 48
37HS4 HS or Alum Heating Continuous T-Bar
One-Way 9 60
47.38
DIRECTOR DIFFUSER 59.38 Narrow T-Bar
1174 mm X
Metric
1200 mm
47
59
46.92
o [T | 58.92
28 Plaster, Spline
X 2-Way Steel Cooling
60
47.38
59.38
REMOVABLE DIFFUSER 1174 mm Metric
1200 mm
47
59
e 46.92
58.92 .
28 Plaster, Spline
| i 2-Way Alum Cooling
60
47.38
59.38
1174 mm .
REMOVABLE DIFFUSER Metric
1200 mm

78



Table 21 — Optional Diffusers for 37HS1

UNIT LENGTH CEILING
MODEL DESIGNATION CONFIGURATION FLOW MATERIAL MODE (i) TYPE
23
T-Bar
47
22.92
Tegular T-Bar
46.92
' 24 .
AG 2-Way Alum Cooling 28 Continuous T-Bar
23.38
Narrow T-Bar
47.38
1174 mm .
Metric
1200 mm
23
T-Bar
47
22.92
Tegular T-Bar
46.92
’ 24 .
AG One-Way Alum Cooling 28 Continuous T-Bar
23.38
27.38 Narrow T-Bar
37HS1 -
1174 mm .
Metric
1200 mm
HEAT /COOL 23 T-Bar
2-Way 22.92 Tegular T-Bar
N or Heating
DG | One-Way; Alum Cooling
2-Slot 24 Continuous T-Bar
23.38 Narrow T-Bar
HEAT COOL 23 T-Bar
i 2-Way 22.92 Tegular T-Bar
N or Heating
DG One-Way; Alum Cooling
3-Slot 24 Continuous T-Bar
23.38 Narrow T-Bar
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Table 22 — Optional Diffusers for 37HS2

UNIT LENGTH CEILING
MODEL DESIGNATION CONFIGURATION FLOW MATERIAL MODE (in.) TYPE
47
T-Bar
59
46.92
Tegular T-Bar
58.92
. 48 .
AG 2-Way Alum Cooling 0 Continuous T-Bar
47.38
Narrow T-Bar
59.38
1174 mm .
Metric
1200 mm
47
T- Bar
59
46.92
Tegular T-Bar
58.92
) 48 .
AG One-Way Alum Cooling 50 Continuous T-Bar
47.38
Narrow T-Bar
59.38
1174 mm .
Metric
1200 mm
37HS2
47
HEAT /COOL 59 T
46.92
Tegular T-Bar
58.92
\:\ :: 2'Way Heati 48
or eating . .
DG One-Way: Alum Cooling 50 Continuous T-Bar
2-Slot
47.38
Narrow T-Bar
59.38
DIRECTOR DIFFUSER 1174 mm Metric
1200 mm
47
HEAT COOL 59 T-Bar
46.92
Tegular T-Bar
! 58.92
N 2-Way 48
or Heating .
DG One-Way; Alum Cooling 50 Continuous T-Bar
3-Slot
47.38
Narrow T-Bar
59.38
DIRECTOR DIFFUSER 1174 mm Metric
1200 mm
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Table 23 — Optional Diffusers for 37HS4

UNIT LENGTH CEILING
MODEL DESIGNATION CONFIGURATION FLOW MATERIAL MODE (in.) TYPE
47
T-Bar
59
46.92
Tegular T-Bar
58.92
. 48 )
AH 2-Way Alum Cooling 0 Continuous T-Bar
47.38
Narrow T-Bar
59.38
1174 mm )
Metric
1200 mm
47
T-Bar
59
46.92
Tegular T-Bar
58.92
. 48 )
AH One-Way Alum Cooling 0 Continuous T-Bar
47.38
m Narrow T-Bar
59.38
1174 mm )
Metric
1200 mm
37HS4
47 T8
-Bar
HEAT /COOL 59
n 46.92
1 Tegular T-Bar
o 58.92
2-Way . 48
DH or alum gggﬂﬂg Continuous T-Bar
One-Way 9 60
47.38
Narrow T-Bar
59.38
1174 mm
DIRECTOR DIFFUSER Metric
1200 mm
47 T8
-Bar
HEAT cooL 59
46.92
' Tegular T-Bar
W 58.92
DH 2-Way Alum Heating 48 Continuous T-Bar
Yy Cooling 60
47.38
Narrow T-Bar
59.38
DIRECTOR DIFFUSER 1174 mm Metric
1200 mm
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Throw for Standard Diffusers —  Tables 24 and 25 The optimum air throw values given in the table are dis-
provide the suggested minimum and maximum coverages tances from the unit centerline to the outside wall or nearest
the Moduline® air terminals can handle in a typical instal- ~ obstruction (wall, light fixture or opposing air stream).
lation while maintaining the desired room conditions.

Table 24 — Air Throw Data — Table 25 — Air Throw Data —
OPTIMUM AIR THROW (ft
37HS1 UNIT OPTIMUM AIR THROW (ft) S7HS1 UNIT - c( )I_
AIRFLOW 1-Way Blow 2-Way Blow AIRFLOW eating ooling
(Cfm) Min Max Min Max Cfm 1-Way Blow 2-Way Blow
(Cfm)
20 2.0 70 20 5.0 Min Max Min Max
50 4.0 9.0 3.0 6.0 40 2.0 7.0 2.0 5.0
60 7.5 12.0 35 7.5 50 4.0 9.0 3.0 6.0
70 8.0 15.0 4.0 9.0 60 7.5 12.0 35 7.5
80 9.0 18.0 45 10.5 70 8.0 15.0 4.0 9.0
90 10.0 20.0 5.0 115 80 9.0 18.0 4.5 10.5
100 11.0 22.0 6.0 13.0 90 10.0 20.0 5.0 11.5
110 12.0 24.0 7.0 15.0 100 11.0 22.0 6.0 13.0
110 12.0 24.0 7.0 15.0
OPTIMUM AIR THROW (ft)
37HS2 UNIT
AIRFLOW T-Way Blow 2-Way Blow S7HS2 UNIT OPTIMUM AIR THROW (ft).
(Cfm) Min Max Min Max AIRFLOW Heating Cooling
80 2.0 7.0 20 50 (Cfm) 1-Way Blow 2-Way Blow
100 4.0 9.0 3.0 6.0 Min Max Min Max
120 7.5 12.0 35 7.5
140 8.0 15.0 4.0 9.0 188 318 ;8 gg gg
160 9.0 18.0 45 105 12 7E 150 35 7e
180 10.0 20.0 5.0 115 140 30 15.0 4.0 9.0
200 10 22.0 6.0 130 160 9.0 18.0 45 105
220 120 240 70 150 180 10.0 20.0 5.0 115
200 11.0 22.0 6.0 13.0
220 12.0 24.0 7.0 15.0
37HS4 UNIT OPTIMUM AIR THROW (ft)
AIRFLOW 1-Way Blow 2-Way Blow
(Cfm) - - OPTIMUM AIR THROW (ft)
Mo Max M Max 37HS4 UNIT Heatin Coolin
160 85 16.0 5.0 7.0 AIRELOW 9 9
200 10.0 20.0 6.0 10.0 (Cfm) 1-Way Blow 2-Way Blow
250 11.0 21.0 7.0 13.0 F H
300 120 22.0 8.0 170 Min Max Min Max
350 14.0 23.0 9.0 19.0 160 8.5 16.0 5.0 7.0
400 15.0 25.0 10.0 21.0 200 10.0 20.0 6.0 10.0
440 17.0 29.0 13.0 24.0 250 11.0 21.0 7.0 13.0
300 12.0 22.0 8.0 17.0
NOTES: 350 14.0 23.0 9.0 19.0
1. Minimum air throw refers to the distance from the diffuser where the air ve- 400 15.0 25.0 10.0 21.0
locity is 150 fpm. In maximum air throw, this velocity has dropped to 50 fpm. 440 17.0 29.0 13.0 24.0

2. Datais based on an area with a 9-ft ceiling. For higher ceilings, values may
be reduced by one foot for each foot of height increase. For specific instal-
lations, minimum values can be reduced if properly qualified. Values are
dependent on cfm only and are not affected by duct pressure.
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