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Fig. 57: Secondary Water Control (Heating)

Water Pressure Control

When using two-way throttling valves in the
individual room units, pressure control be-
tween the main water supply and the return
lines must be provided, Fig. 59, unless the
pump characteristics are such that no appre-
ciable pressure rise results as flow decreases.
This also insures a constant flow of water
through the chiller when the valves close. If
three-way throttling valves are used, this con-
trol can be eliminated.
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A pressure regulator maintains a constant
pressure differential between the supply and
the return water lines by modulating the
bypass valve.

Complete System

In the preceding paragraphs several ways of
controlling each section of an induction sys-
tem are discussed.

Figure 60 is a typical flow diagram for two
induction zones and one primary air unit. The
diagram represents the combination of the
individual sections from the preceeding para-
graphs. It should be understood that this
illustrates only one method of achieving
proper control.
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Fig. 59: Water Pressure Control
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Fig. 60: Flow Diagram for Two Induction Zones and One Primary Air Unit

Fan Coil Units

Fan and coil units like induction units are
located around the perimeter of a building.
They consist of a water coil, usually for both
hot and cold water and a fan. Air for ventila-
tion purposes is usually taken directly from
outdoors by means of a manually positioned
damper.

Hot water which is supplied during the heating
season is varied in accordance with the out-
door temperature. Cold water for cooling is
usually supplied at a constant temperature that
is low enough to provide for dehumidification.

These units can be used with a primary air
system which will supply the outdoor ventila-
tion air and also handle the latent heat load.
The temperature of the space served by the
fan coil units can be controlled by a standard
heating-cooling thermostat mounted on the
wall in the space or by a heating-cooling
thermostat mounted in one of the end com-
partments of the unit.
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Control pressure from the thermostat operates
an offset globe, an angle valve or a three-way
mixing valve to control the flow of water
through the coil.

Typical System Controls

Figure 61 is a flow diagram for a typical
zoned air conditioning system. The control
arrangement illustrated utilizes common
sources of chilled water and hot water for
all zones.

Control Description
Water Chiller Controls

Thermostat T-1 controls the chilled water at
a fixed temperature to provide maximum
dehumidification at all times during the
cooling season. The typical refrigeration com-
pressor shown in the diagram is started manu-
ally whenever a need for cooling exists.
T-1 controls the chilled water temperature
by operating the inlet vanes of a centrifugal
compressor to vary its capacity. A load



limiting relay prevents overloading of the
compressor motor. Thermostat T-2 starts the
cooling tower fan whenever natural draft will
not produce a sufficiently low condensing
water temperature.

Water Heater Controls

Submaster thermostat T-4 controls the hot
water temperature by operating steam valves
V-1 and V-2 in sequence. Outdoor master ther-
mostat T-3 resets T-4 in accordance with
outdoor temperature so that the water tem-
perature is gradually reduced as the outdoor
temperature rises. The bulb of T-3 should be
located on the coldest exposure of the build-
ing. Thermostat T-4 should be reset to pro-
vide hot water at a temperature which is
always 10 to 15 degrees higher than normally
required, to permit the unit thermostats to
provide individual space control under all
conditions.

PIPING ARRANGEMENT
WHEN V-7 IS A THREE-WAY VALVE

Controls For Each Zone

Any zone can be placed on heating or cooling
operation by means of a switch. The re-
frigeration compressor must be running when-
ever any zone is placed on cooling operation.

Heating

When in the ‘“heating” cycle, zone valves
V-3, V-4, V-5 and V-6 are in their normal
positions. Hot water flows through V-3 and
V-5 to the zone, then back to the main hot
water circuit through V-4. Valve V-6 is
closed and thermostat T-5 is inoperative.

Cooling

When in the “cooling” cycle V-4, is closed
and V-3 opens to return water. The zone pump
temporarily recirculates all the water in order
to avoid the dumping of hot water into the
chilled water circuit. When this recirculating
water cools to 80 F, T-5 opens V-5 to chilled
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Fig. 61: Typical Zoned System



water and opens V-6 to chilled water return,
thus completing the switchover from heating
to cooling.

Unit Controls

Thermostat T-6 operates valve V-7 in the
water circuit to the unit coil. As stated earlier,
T-6 may be a wall mounted thermostat or a
thermostat mounted within the unit. V-7 may
be a throttling valve or a three-way mixing
valve.

If V-7 is a throttling valve, the volume of
water circulated by the zone pump is variable.
If this volume is reduced appreciably, an
objectionable increase in pump discharge
pressure will result unless (1) a pump with
a flat pressure-volume characteristic is used
or (2) a pressure relief valve or other pres-
sure control is provided in a bypass connection
around the pump. This bypass connection and
relief valve are shown in the diagram.

If V-7 is a three-way mixing valve, the volume
of water circulated by the zone pump is con-
stant and no pressure relief control for the
zone pump is required. A varying portion of
the water flows through the unit coil while the
rest bypasses the coil.

T-6 is direct acting during heating operation
and reverse acting during cooling operation.
Switchover is accomplished by changing the
supply air pressure to T-6 by means of switch
S-1 and three-way air valve VA-1.

High Pressure Double Duct Systems

In a high pressure double duct system, space
temperature control is accomplished with
relative ease by thermostatic operation of a
valving device or damper at each room mixing
unit. Since this control method does not de-
pend on changes in the volume of air delivered
to the space, it should function with virtually
no disturbance to air distribution patterns and
should introduce no new noise problems. To
accomplish this, however, control of total fan
volume or duct static pressures should be
employed.

As an aid in maintaining a constant air flow
pattern through each duct, it is desirable to
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vary the duct temperatures in accordance
with the system load. However, the air in the
hot and cold ducts must be at a temperature
that will always satisfy the space having the
most extreme requirements. Because dehu-
midification requirements greatly limit the
temperature variation permitted in the cold
duct, changing load conditions are normally
satisfied by varying the air temperature in
the hot air duct.

The higher static pressures of high velocity
double duct systems present a simpler control
problem than the lower static pressures used
in low velocity installations. In a high velocity
system the mixing unit is designed to operate
under relatively high pressure drops. Small
variations in the high static pressure present
in the duct at the mixing device, therefore,
have comparatively little effect on the flow of
air through the unit, especially since the flow
varies as the square root of the pressure drop.

A typical arrangement for controlling the duct
temperature in a double duct high velocity
system is shown in Fig. 62. The hot duct
temperature is controlled by the submaster
hot duct thermostat, which operates the
parallel valves on the heating coil in sequence.
The control point of this thermostat is reset
by the outdoor master thermostat according
to a predetermined schedule.

The air in the cold duct is maintained at the
desirable dew point temperature by the cold
duct thermostat, which operates a three-way
mixing valve on the cooling coil. At a pre-
determined outdoor temperature, the system
is switched to natural cooling by the two-
position switchover thermostat. When outdoor
air is used for cooling the cold duct thermo-
stat controls the operation of the outdoor air
dampers and, through use of the three-way
air valve, the return air dampers and exhaust
dampers. This thermostat also controls the
operation of the cooling coil if and when
mechanical cooling is required. The minimum
outdoor air damper is open whenever the fan
is running.

The simple control arrangement in Fig. 62
can be modified easily to suit particular appli-
cations and requirements.
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Fig. 62: Temperature Control for a Double Duct System

Unit Ventilators

A unit ventilator is a forced air heating unit
equipped with dampers for introducing out-
door and recirculated air in varying quan-
tities, the fans running continuously during
periods of normal occupancy. The unit ven-
ilator is designed primarily for spaces having
a relatively high occupancy load, with the
requirement for positive ventilation, or where
large internal heat gains due to occupants,
sun, etc., make it necessary at times to dissi-
pate excess heat.

It is the usual practice to shut off the unit
ventilator fans at night or during periods of
non-occupancy. If dual thermostats are used,
the normal steam supply to the units is main-
tained at night, with the units operating as
convectors. If the maximum convective heat-
ing capacity within the room is insufficient to
maintain the night temperature, it is then
necessary to operate the unit ventilator fans
intermittently.

Figure 63, page 28, shows one method of
accomplishing intermittent night operation of
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the unit fans. Switchover from continuous to
intermittent operation is accomplished by a
double-pole pressure-electric switch actuated
by the dual pressure line.

When the dual supply pressure is at its low
(day) value, PE-2 is closed, fans run con-
tinuously and solenoid air valve SAV-1 is
energized to permit operation of the dampers.
T-1 is at its day setting and controls the unit
in the normal manner.

When the dual supply pressure is changed to
its high (night) value, PE-2 opens to stop the
fans. Solenoid air valve SAV-1 is de-energized
and outdoor air damper is positively closed.
T-1 is at its night setting, PE-1 is open and
unit coil valve V-1 is closed. As the room
temperature drops to the night setting, control
pressure from T-1 decreases and gradually
opens V-1, permitting the unit to operate as
a convector. If the unit output as a convector
is insufficient to maintain the night setting,
T-1 then closes PE-1 to start the fans. As the
temperature starts to rise, T-1 again stops
the fans and, if necessary, closes unit coil
valve V-1.
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