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INTRODUCTION

Hydronics is the science of heating and cooling with
liquids. The liquid which is still the most practical and
economical heat transfer medium is water.

Today’s hydronic system is best considered a heat
transfer machine where the heat transfer medium is
used to carry heat to or from an area in accordance
with the controls installed. Once the requirements of
the structure are determined the versatility of the
hydronic system is limited only by the imagination of
the designer. Only a few basic fundamentals must be
followed to enable the designer to do virtually any-
thing with the heat transfer ability of a hydronic sys-
tem. It matters not whether the system is the largest
multi-building project supplied by a central mechani-
cal plant, or the smallest residence, the basic funda-
mentals apply.

The purpose of this technical manual is to examine the
important points of these basic design fundamentals
with regard to air management systems. Every design
engineer is concerned with having the completed
installation perform as intended. Every owner is con-
cerned with having trouble free, quiet and economical
operation with a minimum of maintenance. However,
any heating, cooling or dual hydronic system installed
without effective air management will provide ample
reason for concern. Air bound circuits, questionable
hydraulics, noisy operation, poor efficiency and short
system life are the result of inadequate air manage-
ment.

The air in a closed hydronic system is managed by
using one of two techniques. In the Air Control
method the air cushion and system water actually
touch. See Figure 1. During the fill and system pres-
surization step all excess air is vented and the only air
in the system is supposed to be in the tank. Because
of the change in solubility of air in water due to the
continual changes in the system temperature and
pressure, any air leaving the compression tank must
be separated from the water and returned to the tank.

In the Air Elimination method the system water and
the air cushion are physically separated by a flexible
diaphragm or bladder, Figures 2 and 3. The entire
hydronic system, piping, radiation and boiler or chiller
must be completely purged of air during the initial fill
and any free air occurring later must be vented to
atmosphere.

The fundamentals presented here are considered by
Bell & Gossett Company to be basic for all closed
hydronic systems which are to operate in the chilled
or LTW heating range. (The LTW range is defined as
any heating system designed to operate below
250°F.)

TYPES OF COMPRESSION/EXPANSION TANKS
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CLOSED SYSTEM DESIGN

Piping systems for water transmission can be consid-
ered in two general categories - open systems or
closed systems. Open systems are piping circuits,
pumped or gravity circulated, that are open to the
atmosphere at some point. Closed systems are
designed and installed as sealed systems and offer
several important advantages:

1. When a system is closed, little, if any, make-up
water is ever required. With no fresh water added,
there will not be an accumulation of oxygen or
other corrosive materials. System life is extended
indefinitely.

2. Closed systems can be pressurized permitting
elevated temperatures and greater temperature
drops. Piping and operating costs can be reduced
drastically.

3. With positive air management, closed systems
offer improved control, faster temperature
response and quieter system operation.

Because the system is closed, provision must be
made to absecrb the changes in water volume due to
the changes in system temperature. For this purpose
a properly sized compression tank is installed. The
tank is also used to set the initial cold fill pressure and
to maintain a minimum system pressure, Two basic
type tanks are used in modern systems. One is the
standard type where the air cushion and the system
water actually touch. The other is the pressurized type
tank where the air cushicn and the system water are
separated by a flexible diaphragm or, in some
designs, by a flexible bladder.

Obviously closed systems are used whenever possi-
ble. However, many systems intended to be closed
are not tight and consequently operate as open sys-
tems. A system may be designed as a closed system,
but it will not be a closed system unless all the piping
and components are leak-tight. Special attention
must be given to pump seals and air vents.

All closed system circulating pumps should have
mechanical seals. Packing gland type pump seals
require constant leakage to lubricate the seal. This
means fresh water with oxygen and other corrosive
agents are constantly added to the system.

Manual air vents should be used at high peints in all sys-
tems, hoth air control and air elimination, to vent air as
the system is filled and pressurized. Once the system is
filled and pressurized the manual vents are closed.

In Air Control systems only manual air vents are rec-
ommended to ensure the initial air charge can be held
in or returned to the compression tank.

However, in Air Elimination systems automatic air
vents are necessary to vent any air accumulated or
separated after the initial fill and vent. Since automatic
air vents are a potential source of leaks they must be
carefully monitored.

DESIGN CONDITIONS FOR
PROPER SYSTEM PRESSURIZATION

PRESSURIZATION of CLOSED SYSTEMS

Four modes of pressurization must be considered in
closed hydronic systems:

1. Initial cold fill pressure - this is the pressure applied
at the filling point to fill a system to its highest point
plus a minimum pressure at the top of the system
{4 psi minimum) to positively pressurize the sys-
tem. At elevated system water temperatures a
higher cold fill pressure may be necessary to
properly pressurize the pump. (See Table A))

2. Static pressure - this is the pressure caused by the
height of water above any given point. Approxi-
mately 2.3 feet of water height equals 1 psi.

3. Operating pressure increase - this is the pressure
increase caused by the expanded water entering
the tank and compressing the air cushion.

4, Pump pressure - the pressure differential created
by the operation of the pump.

Closed system design requires the designer to estab-
lish values for both the minimum pressurization and
the maximum allowable pressure increase. The mini-
mum pressure will exist at the top of the system when
it is cold and the circulating pump is not operating.
Maximum pressure will be determined by the pres-
sure limits of the system’s components and their
location in the system. it occurs when the system is
hot and at design condition with all pumps in opera-
tion. From the standpoint of both the initial cost and
the space reguired, it is desirable to have the com-
pression tank as small as possible. The compression
tank size for any closed system is affected by the
following:

1. Water expansion - a function of the water content



of the system and the amount of temperature
change.

2. Range of systern pressure - a function of the initial
fill pressure and the maximum allowable pressure
increase at the tank of the system.

MINIMUM SYSTEM PRESSURIZATION

Generally, the minimum cold pressurization at the top
of systems operating in the LTW range can be as low
as 4 psig. For systems designed to operate above
220°F, the compression tank will develop the addi-
tional pressure needed above 4 psig when the system
has reached its maximum desigh temperature. While
it is usually safe to rely on the tank to create the nec-
essary pressure increase for the LTW piping system,
additional pressurization at the system pump is rec-
ommended. Inadequate pressurization at the pump
causes noise, loss of circulation and often serious
damage to the pump.

Initial fill then must fulfill three requirements:

1. The entire piping system must be filled with water.

2. The pressure at the top of the system must be
high enough to vent air from the system (4 psi is
adeguate).

3. The pressure at all points in the system must be
high encough to prevent flashing in the piping or
cavitation in the pump.

In the LTW range the use of Table A and Figure 4 will
provide the proper pressurization.
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In the LTW range, as shown in the graph, adequate fill pressurization for a
pump in any pressure that will prevent boiling plus a margin of safety, shown
by the gray area. For example, a system with a 230° aperating temperature
should be filled to a minimum of 12 PS| where a system that operates at 240°
must have a cold fill of 17 PSI at tha pump.

FIGURE 4
Minimum Cold Pressurization At The Pump

Table A is based on filling a system so that the
pressure at the top {the value from the table) and the
static height of the water above the pump, produce
adequate pump pressurization (to provide a 15°F
safety factor above the boiling point) when operating
at the maximum design system temperature.

STATIC MAXIMUM DESIGN TEMPERATURE
HEAD '
ABOVE PUMP | UP TO
t 210°F ¢ 220°F 230°F | 240°F | 2B0D°F
PUMP AT TOP | 4 psig 4 psig 13 psig | 17 psig | 25 psig
5 4 psig 4 psig 11 psig | 15 psig | 23 psig
10 4psig | 4psig  2psig | 13 psig | 21 psig
20 4 psig | 4 psig 4 psig | 8psig | 16 psig
30 4 psig | 4 psig 4 psig | 4pslg | 12 psig
40 4 psig | 4 peig 4 psig 4 psig 8 psig
50 4 psig | 4psig | 4psig | 4psig | 4 psig
60 AND ABCVE| 4 psig | 4 psig | 4psig | 4psig | 4 psig

TABLE A
Minimum Cold Pressurization At The Top of
Closed LTW Systems (Fumps Off)

Example:

A three story apartment building with hot water heat
has the boiler and pump located in the basement. The
maximum design temperature is 200°F. (This is the
highest temperature the pump would see.) The high-
est point in the system is 26 feet above the pump. At
what should the cold, non operating pressure be set?

Solution:

From Figure 4, the minimum pressure at a pump oper-
ating at 200°F is 4 psi. But, 4 psi at the pump would
not even fill the system since the static height would
only be equal to 4 x 2.31 or 9.2 feet. If just enough
pressure is added to fill the system, the initial pressure
due to the height of the water column would be 26 +
2.31 = 11.3 psi. The system would be full and there
would be adequate pressure at the pump, but there
would not be any pressure at the fop to vent off air.
Refer to Table A. With a static head above the pump
of 26 feet of water a pump operating at 200°F requires
a cald, non operating pressure at the top of the sys-
tem of 4 psi. The cold fill pressure then should be
eqgual to the static pressure due to the height of the
water column 26 + 2.31 = 11.3 plus 4 psi or a otal of
15.3 psi. With a 15.3 psi cold fill the minimum cold
pressure at the top will be 4 psi and the pressure at the
pump will be 11.3 psi exceeding the required 4 psi.

MAXIMUM SYSTEM PRESSURE

The required pressure relief valve setting for the
system will establish the allowable increase in
pressure. The relief valve should be located so that it



protects the required system companents and is not
affected by pump operation. Good system design will
prevent the pressure reaching the pressure relief
valve setting unless the system temperature exceeds
the maximum design operating temperature.

WATER EXPANSION

Figure 5 illustrates the rate at which water expands or
contracts as its temperature rises or falls, As the water
heats up so does the piping in the system. The curve
labeled net Expansion of Water takes this into account
and is used in sizing a tank. Since water is incom-
pressible a closed system filled with water must have
space for any increase in volume as the temperature
rises. This is true even in a chilled water system sihce
the chilled water return is higher than the fill tempera-
ture. To accommodate this fluctuation in volume a
compression tank is commonly used.

20

EXPANSION OF WATER.C

S
\\(‘

\\\

~N

Y

P,
n

kit

oy
b,
g

PERCENT MINCREASE IN VOLUME ABOVE 40F

i o ,1;" NET EXPANSION OF WATER
09117 : NERRS
c8 — . %
0.7 /’/ CONVERSION FACTOR: |_|
C=(F-321".8
0.6 ! I{ ¥ l} !
0.5 : L
100 150 200 300 400
TEMPERATURE, F

SUMMARY:

While hydronic systems designed to operate within
the limits of the ASME Section IV Code Rules for
Construction of Heating Boilers are limited to 250°F
in temperature, they may operate at pressures up to
160 psig providing the installed components are so
constructed.

Usually the boller establishes the maximum waorking
pressure limitation for a hydronic hot water heating
system. If the bailer is suitable for only 30 psi working
pressure, a 30 psi pressure relief valve should be in-
stalled an the top of the boiler. The initial cold pres-
sure at the relief valve will, of course, be equal o the
static head of the water above the boiler plus the
additional pressure applied at the top of the system.
Depending upon the location of the pump in relation
to the valve, its operation also may affect the pressure
at the relief valve.

The difference between the initial cold fill pressure at
the pressure relief valve and the relief valve setting will
determine the allowable pressure increase for the sys-
tem. This increase in system pressure is used to
determine the compression tank size. The larger the
allowable system pressure increase, the smaller the
compression tank.

High rise buildings, for instance, create high static
pressures at the lower floors due to the tall water
column. Unless system components at these lower floors
are constructed to allow a sizable increase in the op-
erating pressure above the cold fill pressure the com-
pression tank will have to be relatively large.
Freguently shell and tube converters which have fair-
ly high working pressure ratings are used to isolate
low pressure rated boilers from the piping in high sta-
tic head buildings. Boilers designed to operate within
the limits of the ASME Section IV Code Rules for
Construction of Heating Boilers may be constructed
for working pressures above 30 psi as long as the
temperature doesn't exceed 250°F. These then could
be used in buildings with high static head pressures.
Ancther alternative is to locate the boiler at some ele-
vated position which reduces the static pressure on it.

As for the tank, some designers elevate it. This
reduces the initial pressure on the tank which atlows a
wider pressure increase resulting in a smaller tank
size.

To recap, minimum tank size is the result of minimum
initial tank pressures and maximum pressure
increase.



TANK SIZING FORMULAS

Whereas both the Air Control and Air Elimination
methods of air management use a tank to absorb the
volumetric expansion of the system, the design of the
tanks differs. The tank used with the Air Control
System allows the water and air to touch. This type
of tank is commonly called a standard tank. The tank
used in an Air Elimination System separates the air
from the water by means of a flexible membrane.
Tanks used in this type system are frequently referred
to as pressurized tanks.

The basic relationship used for sizing either type
compression tank derived from the ideal gas law is
expressed by:

PV, = P.V:
Ts T:

(1)

Although in actual system operation there may be
some air temperature change in the tank, the equa-
tion above can be simplified considerably by assum-
ing no temperature change (T: = T2). The results of
the calculation will be within acceptable accuracy for
tank sizing purposes. Rewriting equation (1) with T: =
T2, it becomes Boyles’ law:

PV: = P\: (2

By proper substitution in (2), the basic formula for
determining minimum tank size is:

ViV _  [Ev—E)
V=% P = B PR O
ﬁ - PD ﬁ - PD

Where:
Vi = Compression Tank Size in gals.
V. = Volume of System, gal
Ew - E» = Net Water Expansion Factor
P. = Pressure in Tank Before Water Enters, psia
Pr = Design Fill Pressure, psia
P. = Final Tank Pressure, psia
Vi - V2 = Change Of Tank Gas Volume, gals

Equation (3) applies to the selection of both standard
and pressurized compression tanks. The pressurized
tank application is unigue in that the pressure in the
tank before filling is not atmospheric (PJ), it is pre-
charged to the fill pressure (Py). Substituting P: for Pa in
equation (3), the minimum tank size for a pressurized
tank is:

. Ew—EVe _ (Ew—EqVs
(V‘) = j B‘_ = ; =} (4)
PI - Pu B PD

Due to the physical construction of the flexible mem-
brane (diaphragm, bladder etc.) in a pressurized
compression tank, the full tank volume, Vi, may not
be available for fluid expansion. The maximum
amount of liquid a given tank can accept is known as
the acceptance volume, Ac, or sometimes
“acceptance allowance”. For example, the Series “D”
tanks have acceptance volumes less than the tank
volume while the Series “B” tanks have acceptance
volumes equal to the tank volumes. (See Table O).

Another term used in sizing pressurized tanks that
requires explanation is Acceptance Factor, A.. The
acceptance factor is defined as

A=1-5 (5

which is the denominator of equation (4).
By substitution, (4) becomes

_ (Ev-E)V:
EEESS e ®)

(E«-En)Vs is the net water expansion volume and (6)
can be simplified even more by calling it V.

Ve
Vo= 25 (@)

Selecting the correct pressurized compression tank
requires satisfying two conditions:

1. The volume of the tank must be large enough to
keep the change in pressure due to system heat-
up within the system’s allowable increase.

2. The tank’s acceptance volume must be at least
as large as the system’s expansion volume.

Whereas the fill pressure in a standard tank is set by
fluid going into the tank and compressing the air, the
fill pressure in an application using a pressurized tank
is preset and then installed in the system. No fluid
enters the tank during the system vent/purge/fill pro-
cedure. Consequently, if the system pressure falls
below the pre-set pressure no make-up water is
available to compensate for any further loss from the
system and the system pressure can deteriorate
rapidly. To eliminate this possibility, pre-charge the
tank to a pressure slightly less than the desired fill
pressure. This allows some fluid to enter the tank
before the desired fill pressure is reached providing a
reserve to help keep pressure on the system.



SIZING AND SELECTING THE COMPRESSION
TANK

In order to properly size either type compression tank

the following information is required:

1. The system volume must be determined as accu-
rately as possible. This volume can be estimated
with sufficient accuracy by using Tables C, D & E.

2. Determine the average design temperature.

3. Determine the required fill pressure and the maxi-

mum pressure in the tank for the application.

Tolerances in the pressure setting of relief valves may

cause nuisance valve discharges. To eliminate this

problem many designers discount the rated setting by

10%, 5 psi minimum, when determining the maximum

pressure at the tank.

Chilled Water Applications

In a heating system the tank is sized to provide a min-
imum pressure which is a function of design tempera-
ture and pump location, and to absorb the volume of
water expanded between the fill and mean design
temperatures. A chilled water system also needs a
tank to provide a minimum pressure, 4 psi at the sys-
tem top is sufficient. It must also absorb the increase
in volume due to temperature. The concern here is not
over the expansion between the fill and operating
temperatures. Of course there will be some expansion
due even to that small increase. The concern is the
expansion due to the ambient air temperature if the
system isn’t operating. A minimum sizing temperature
of 100°F is suggested. It the tank is to be installed in
an application where 100°F could be exceeded, use
that higher temperature.

Glycol Solutions

Not all systems use water, some use anti-freeze solu-
tions, Ethylene or Propylene glycol solutions are the
most common. For a given temperature change a gly-
col solution expands more than water. To properly
size a tank for a glycol solution, size it for water and
then multiply the water tank size by the appropriate
factor from Table G.

Sizing A Standard Tank

If the minimum size standard tank is to be calculated,
obtain the rate of expansion from Table F, then sub-
stitute the values for system volume, net water expan-
sion factor, fill pressure, maximum tank pressure and
atmospheric pressure in equation (3) and solve. Select
the next larger standard tank from Table K, or if a sin-
gle tank large enough isn’t available, multiple tanks to
provide the required volume.

The minimum required tank size can also be deter-
mined from the prepared selection tables. To use the
table method, enter the table at the system volume
row, continue to the column for the average design
temperature and obtain the minimum tank size
required for standard conditions. If the pressures for
the application differ from P = 12 psig and P. = 30
psig, multiply the tank size from Table H by the cor-
rection factor from Table I. If the system fluid is a
glycol solution, the tank size determined above must
be multiplied by the correction factor from Table G.
Again, select the next larger standard tank from Table
K, or if a single tank large enough isn’t available,
multiple tanks to provide the required volume.

Examples of standard tank selections:

1. A 2000 gallon system has a mean design water
temperature of 180°F. The compression tank will be
installed at the top of the system with an initial pres-
sure of 4 psi. The Pressure Relief Valve setting will be
30 psi. The initial pressure at the Relief Valve due to
the static head (building height) plus the 4 psi initial
pressure at the tank will only allow an increase
of 8 psi without the danger of the valve weeping.
Consequently the pressure in the tank can only rise
8 more psi.

Solution:
Formula method, using Equation (3) and substituting

v = EncENs o

P._Po
P P.
P. = 14.7 psia

Pr=14.7 + 4 = 18.7 psia
Po=14.7 + 4 + 8 = 26.7 psia
from Figure F at 180°F, Ev —- E: = .028

(.028) 2000
14.7 14.7
187 26.7
237.8 gals

therefor Ve =

Select a standard 240 gal tank with an ATFL tank
fitting.

By the table method:

From Table H, a 2000 gallon system at 180°F mean
design water temperature and standard pressures
requires 252 gallons of compression tank volume.
However, the initial pressure at the relief will allow an
increase of only 8 psi. Consequently, the pressure at
the compression tank can only rise 8 psi. The
correction factor from Table [ for 4 psi initial pressure
and an 8 psi rise is 0.95. The tank required for the



application then is 0.95 x 252 or 239.4 gallons. A 240
gallon tank is a standard size and should be selected.
An ATFL tank fitting is needed with this size tank.

The insignificant difference between the calculated
and table sizes is due ta rounding off in the tables.

The remaining standard tank examples will be
solved using the table method.

2. A primary-secondary pumping system is designed
so that the boiler and primary piping contains 500
gallons of water and a 240° to 200°F design tempera-
ture range. It supplies secondary piping circuits which
are to operate at a design temperature range of 140°
to 160°F. The volume of the secondary circuits totals
250 gallons. The tank will be located at the level of the
relief valve on the boiler. Initial tank pressure is 12 psi
and the relief valve has a 30 psi setting.

Solution:

Knowing the primary system water volume to be 500
gallons at a mean design temperature of 220°F
[(240+200)/2], the tank required is 98 gallons. The
250 gallons in the secondary circuits at 150°F
[(140+160)/2] requires 20 gallons of compression tank
volume. The system tank size required is the sum of
the required tank sizes for the primary and that for the
secondary or 118 gallons (98+20). A 120 gallon tank is
a standard size and should be used. An ATFL Airtrol
Tank Fitting is used with this size tank. It's important
to note here that, depending upon its location, the
pump could see 240°F water. In that case, the tank
would have to be larger because the initial pressure at
the pump should be a minimum of 17 psi at cold fill.

3. A chilled water system has approximately 900 gal-
lons of water content. Its maximum operating temper-
ature will not exceed room temperature. The pressure
relief valve setting will be 30 psi. Initial pressure at the
tank will be 12 psi. The tank will be at the same level
as the relief valve.

Solution:

Select the tank directly from Table H using the 100°F
column, even though the temperature will never reach
it. The tank volume required for a 900 gallon system is
23 gallons, a 24 gallon tank is a standard size and
should be selected. Here, an ATF 12 Airtrol Tank
Fitting is also needed.

4. A system volume is estimated to be 100 gallons of
a 50% solution of ethylene glycol and water. Initial
pressure at the tank is 12 psig, the maximum pres-
sure at the tank is 30 psig. If the mean design temper-
ature of the system is 160°F, what is the required tank
size?

Solution:

Table G shows that a 50% solution of ethylene glycol
and water at 160°F expands 1.49 times as much as
water alone. Therefore, the tank selected must be
1.49 times as large as the tank size required for water.
A 100 gallon system at 160°F requires a 9.5 gallon
tank, the 100 gallon glycol system then would require
a tank of 14.2 gallons (1.49 x 9.5). A 15 gallon tank is
a standard size and would be selected along with an
ATF 12.

Sizing A Pressurized Tank

To calculate the minimum size pressurized tank,
obtain the rate of expansion from Table F , then sub-
stitute the values for system volume, rate of expan-
sion, fill pressure, and maximum tank pressure in
equation (5) and solve. Select the pressurized tank
from Table O that has an acceptance volume at least
equal to the volume of expansion and a tank volume
at least equal to that computed. If a single tank isn't
available to satisfy those two conditions, select muilti-
ple tanks to provide the required acceptance and tank
volumes.

The minimum required tank size can also be deter-
mined from the prepared selection tables. To use the
table method, enter Table M at the system volume
row, continue to the column for the average design
temperature and obtain the minimum tank and accep-
tance sizes required for standard pressure conditions.
If the pressures for the application differ from Pf = 12
psig and Po = 30 psig, multiply the tank size from
Table M by the correction factor from Table N. The
acceptance volume required doesn't have to be cor-
rected for pressure. If the system fluid is a glycol solu-
tion, the tank size determined above must be multi-
plied by the correction factor from Table G. The
acceptance volume obtained from Table M must also
be multiplied by the correction factor. Select the pres-
surized tank from Table O that has as a minimum an
acceptance volume equal to the volume of expansion
and a tank volume equal to that required from the
table or as corrected. If a single tank isn’t available to
satisfy those two conditions, select multiple tanks to
provide the required acceptance and tank volumes.

Examples of pressurized tank selection:

5. Using the information of Example 1 size a pressur-
ized tank by the formula method. A 2000 gallon sys-
tem has a mean design water temperature of 180°F.
The compression tank will be installed at the top of
the system with an initial pressure of 4 psi, The Pres-
sure Relief Valve setting will be 30 psi. The initial pres-
sure at the Relief Valve due to the static head (build-
ing height) plus the 4 psi initial pressure at the tank,



will allow an increase of only 8 psi. Consequently the
pressure in the tank can only rise 8 more psi.

Solution:
Using Equation (6),

(Ew — Eg)Vs
Vo= ST g

and substituting (E«-Es) from Figure F and A. from
Equation (5) or Table L
Ae = 1 -5 (5)

o

P. = 14.7 psia
Pi=14.7 + 4 = 18.7 psia
P.=14.7 + 4 + 8 = 26.7 psia

18.7
foi V= gg=

= 0.2996

_ (.028) 2000
therefor Vi = 0.2996 (6)

=186.9 gals

Select a B-800 (211 gals), pressurized tank with full
acceptance or one D-200 and one D-180 diaphragm
tanks to provide a total Vi of 200 gals and a total
acceptance volume of 68 gals to accommodate the
expansion volume (2000 x 0.028 = 56 gals).

By the table method:

From Table M, a 2000 gal system at 180°F mean
design water temperature and standard pressures
requires a pressurized tank with a tank volume of
138.5 gals and an acceptance volume of 55.8 gals.
But a 4 psig fill pressure and a 12 psig maximum pres-
sure at the tank are not standard. Multiply the tank
volume by 1.34 the pressure correction factor from
Table N. The required tank volume then is 185.6 gals,
the required acceptance volume remains 55.8 gals.
Select a B-800 with full acceptance or two diaphragm
tanks a D-180 and a D-200 with partial acceptance to
provide a total Vt of 200 gals and a total acceptance
volume of 68 gals. Again, the minor differences in the
figures are due to rounding off,

The remaining pressurized tank examples will be
solved using the table method.

6. Select a pressurized tank for the primary-secondary
application described in the example 2.

Solution:

The 500 gals of water in the boiler and primary circuit
is at a mean design temperature of 220°F. Table M
lists the required tank volume as 53.7 gals and an
acceptance volume of 21.65 gals. From the same
table , the 250 gallons in the secondary circuit at a
mean design temperature of 150°F require a pressur-
ized tank volume of 11.04 gals (8.83+2.21 = 11.04)
and an acceptance volume of 4.45 gals (3.56+0.89 =
4.45). The total tank volume then is 53.7+11.04 =
64.74 gals and the total required acceptance volume
is 21.65+4.45 = 26.1 gals. Select a B-300 Bladder
Tank with 79 gals tank volume and full acceptance
volume or a D-120 Diaphragm Tank with a tank vol-
ume of 68 gals and acceptance volume of 34 gals.

7. The chilled water system described in example 3
has 900 gals of water and operates with standard
pressures.

Solution:

Table M at 100°F prescribes a pressurized tank with a
minimum tank volume of 12.73 gals and a minimum
acceptance volume of 5.13 gals. As is sometimes the
case, the standard sizes available are not a real good
fit for the size required and judgment must be used. A
B-200 Bladder Tank is the smallest available. It would
protect the system to a temperature of about 170°F. A
D-40 Diaphragm Tank has only 5.0 gals of acceptance
and is a little small but would protect the system to
about 98°F. The next larger tank is the D-60 which
would protect the system to about 130°F. The most
reasonable tank selection would be the D-40.

8. The system described in example 4 is 100 gals of a
50% Ethylene Glycol solution with a mean design
temperature of 160°F. The initial pressure at the tank
is 12 psig, the maximum pressure at the tank is 30

psig.

Solution:

For these conditions Table M requires a pressurized
tank volume of 5.16 gals and an acceptance volume
of 2.08 gals. The correction factor for the greater
expansion of 50% Ethylene Glycol from Table G is
1.49. The tank required for this application then is one
with a minimum tank volume of 7.69 gals (1.49x5.16)
and minimum acceptance volume of 3.1 gals
(1.49x2.08). Select a D-40, with a tank volume of 21.7
gals and an acceptance volume of 5.0 gals. The next
smaller diaphragm tank has only 2.5 gals acceptance
and would protect the system to only about 145°F.



COMPRESSION TANK LOCATION

Proper sizing of the compression tank is, of course,
very important. But, once sized, where should it be
installed in the system? Placement of the compres-
sion tank is affected by two separate considerations.

VERTICAL PLACEMENT

First, there is the actual vertical placement of the tank
in the building. If the tank is placed low in the building,
the static pressure is highest and a larger tank is
needed. On the other hand, if the tank is placed high
in the building, a smaller tank may be used.

TANK CONNECTION
THE POINT OF NO PRESSURE CHANGE

The second design consideration is the location of the
tank to system connection. This connection point is
the point of no pressure change. The pressure at this
point remains the same whether or not the pump is
operating.

To explain further, consider a basic closed forced cir-
culation system with boiler, pump, compression tank
supply and return piping and radiation (Figure 6). The
entire system will be filled with water except for the
compression tank which will have some air volume to
act as a spring cushion.

CIRCUIT TYPIFIES A
COMPLETE HEATING
OR COOLING SYSTEM.

NRJ/m

WATER
PIPING FILLED
WITH WATER

=4

FIGURE 6
Basic Closed Hydronic Heating System

When the water in the system is heated the volume
of water expands and the additional water volume
enters the tank. The same amount of water is still in
the system, the number of pounds of water has not
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changed. The only way the pressure in the tank can
change further is to add or subtract water from the
tank. “What happens when the pump starts up?” The
pump can't add or subtract water from the
system, consequently it can not change the pressure
in the tank or at the point where the tank is con-
nected to the system. The pressure at the connection
point of the tank to the system then can not change
whether or not the pump is operating.

PUMP LOCATION

However, other changes will occur in the system de-
pending upon where the pump is located in relation to
that point of no pressure change. There are two pos-
sibilities, the pump can pump towards or away from
the point of no pressure change. To simplify the dis-
cussion, the pressure loss due to the flow between
the pump and the point of no pressure change can
be neglected if that connection is very close to either
the pump suction or the pump discharge.

First, let's analyze the effect of connecting the com-
pression tank to the pump discharge. When the pump
starts up it will develop its head/flow curve. But, since
the pressure can’t change at the dis-charge, the pres-
sure at the suction will be reduced by the amount of
the friction loss of the system. See Figure 7. The pres-
sure then at every place in the system is less with the
pump running than it is with the pump not operating.

SYSTEM
PRESSURE CURVE
PUMP OFF

¥

3 e

+ \ —

I =
——

-

SYSTEM

POINT OF PRESSURE CURVE
NO PRESSURE | | PUMP ON

CHANGE
+ \ e 1.
e \

\

\_d:

PRESSURE DIFFERENTIAL BY PUMP

NOTE: Generally a poor location for system pump, illustration shows haow
pump pressure differential is subtracted from system pressures if pump
differential is great enough to offset siatic head, cavitation, noise and pump
damage may occur.

FIGURE 7
Effect of Pump Discharging Into Tank



This is not a good situation. If the existing non-
operating pressure acting on the system is not ade-
quate to offset the negative pressure produced by the
pump, water flashing to steam, pump cavitation, un-
heatable circuits and assorted other problems can
result. In fact, if automatic air vents are installed at
points where negative pressures exist, air can be
sucked into the system. Nonhe of these possibilities
are desirable.

Pumping Away From The Tank

On the other hand, if the point of na pressure change
is at the suction, when the pump starts up the pump
head is added to the non-operating pressure. See
Figure 8. Therefore, when the pump operates, the
pressure at every point in the system is always
greater than it is with the pump not running.

SYSTEM PRESSURE CURVE
PUMP ON

I =
_——"/

SYSTEM
KEEP
THIS DISTANCE PRESSURE CURVE
SHORT PUMP QFF
-c!=-1\
\
— + f....._../\_ﬂ‘ | e

——=——% """ POINT OF NOQ PRESSURE
PRESSURE DIFFERENTIAL CHANGE
BY PUMP

NOTE: Correct pump location adds pump pressure differential when operat-
ing away from point of no pressure change. Always keep distance short and
pressure drop low between pump suction and comprassion tank connection.

FIGURE 8
Recommended Pump Location

LOW vs HIGH HEADED PUMPS

Generally, on small systems where the pumps do not
produce more than 15 feet of head, pump location
may not be important. However, on larger systems
where pumps with higher heads are used location is
very important. A good rule to follow is to always
install the system pump or pumps to pump away from
the point of no pressure change. In this way the pres-
sure differential produced by the pump will at every
point in the system always increase the operating
pressure above that of the non-operating pressure.

Although the operation of the system pump can not
change the comprassion tank pressure, it can affect
compression tank sizing. Depending upon the loca-
tion of the relief valve the non-operating pressure plus
the pressure added by the pump can limit the amount
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the system pressure can increase without exceeding
the valve setting.

If the pressure reducing valve is positioned in the sys-
tem so that the pump can reduce the pressure it sees
when the pump is in operation it will think the system
pressure has dropped and will add water to increase
the pressure. When the pump stops, the non-operat-
ing pressure will have increased. Subsequent cycles
can increase the pressure to that of the relief valve
setting causing it to relieve.

The ideal location for the pressure reducing valve and
the compression tank is at the pump suction since the
operation of the pump will not affect either of them.
The pressure relief valve must be sized and located at
a position to prevent over-pressurizing any compo-
nent of the system.

MULTIPLE TANK LOCATIONS

When any piping system is completely filled with
water and all of the air is confined to the compression
tank, the point where the tank connects to the system
will be a point of no pressure change and will be vir-
tually unaffected by pump operation.

However, if another compression tank containing air is
installed in the system see Figure 9, the tank pressure
will be affected by operation of the pump.

DIFFERENCE iN PRESSURE
BETWEEN THESE TWO
POINTS DETERMINES
WATER LEVEL AND
TANK PRESSURE

o

E— —

-t
REDUCED PRESSURE
HERE WHEN PUMP
STARTS CAUSES AIRTO
EXPAND LOWERING
WATER LEVEL

WATER VOL. FROM
OTHER TANK
ENTERS THIS TANK

NOTE: When pump starts, point of no pressure change will be established
somewhere betwaen the two tanks depending upon changs in water leval of
each.

FIGURE 9
Effect of Pump Operation on Compression Tank
Pressures, Multiple Tank Installation



With this scenario the pump will transfer water from
one tank to the other in proportion to the pressure dif-
ferential it can produce between the two tanks. The
point of no pressure change then will move to a point
somewhere between the two tanks and may even
change with changes in the water levels of the tanks.
More than one connection to a tank or tanks is not
recommended since unreliable pressure conditions
result.

A system containing a large amount of free air in the
piping and radiation can cause a similar situation,
Thorough initial venting and an efficient air separator
will usually remedy this type problem and eventually
establish a fixed point of no pressure change.

MULTIPLE PUMPS AND POINT OF NO
PRESSURE CHANGE

If the operation of a single pump cannot change the
pressure within the compression tank, it follows that
the operation of many pumps installed throughout the
system will not affect a single point of no pressure
change. With this single reference point for a starting
pressure it is possible to analyze the hydraulics and
pressure gradients for the entire system regardless of
the number of pumps Installed. Primary/Secondary
pumping, the subject of a separate Design Manual,
is a means of inter-connecting piping circuits so that
the operation of one will not affect the other. Figure
10 illustrates the pressure relationship on a typical
1 pipe primary/secondary system.

SECONDARY PRESSURE
CURVE - PUMP ON

Al by

PRIMARY PRESSURE
CURVE - PUMP ON

CONNECT EACH SECONDARY
ZONE SUPPLY AND RETURN CLOSE
TOGETHER SO PRESSURE @ EACH

POINT WILL BE APPROX. EQUAL

FIGURE 10
Primary/Secondary System Pressure Relationships

12

Note how the connection point for a secondary circuit
to the primary circuit establishes the non-operating
pressure for the secondary circuit. By pumping away
from the connection point to the primary circuit the
secondary pump will add pressure to the non-
operating pressure when operating, providing the
same benefits to its circuit as a pump does when
pumping away from the compression tank. However,
if the secondary pump is pumping into the connection
point to the primary circuit and the head of the sec-
ondary pump is greater than the non operating pres-
sure of the secondary circuit it will draw a vacuum in
the secondary when it operates.



AIR SEPARATION

The amount of air water can hold in solution varies
depending on the temperature and pressure. Higher
pressure or lower temperature water can absorb or
hold more air in solution than water that is warmer or
at lower pressure. Even the narrow temperature range
of chilled water systems demonstrates the effect of
temperature on solubility. Figure 11 is familiar proof of
how a small change in temperature coupled with the
decrease in pressure will cause cold tap water which
has been allowed to rise to room temperature to give
off free air from solution.

FIGURE 11
Air Bubbles Released From Fresh Tap Water With
Pressure and Temperature Change

Deep sea divers experience a similar effect during
underwater ascents. Nitrogen which doesn’t combine
with elements in the human body at atmospheric
pressure, is absorbed into the blood stream under the
increased pressure of water depth. As the diver rises
and the water pressure on the body is reduced, the
nitrogen expands. If the ascent is too fast, the
expanded nitrogen gas doesn’t have a chance to
escape from the blood stream causing the so-called
“bends”.

POINT OF AIR SEPARATION

Free air in a hydronic piping system can cause noise,
reduce terminal output or even stop flow. An integral
component of an air management system is an air
separator to separate and direct any free air. As dis-
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cussed previously, the point where the compression
tank connects to the system is the point of no pres-
sure change regardless of pump operation.

This point is important in the case of an air manage-
ment system for another reason. It must also be the
point to separate free air from the system water.
Installing the boiler, air separator and compression
tank at the pump suction optimizes separation
because of low pressure and highest temperature.

In order to evaluate air management of a specific
application a better understanding of how tempera-
ture and pressure affect the solubility of air in water is
required. Air is a mixture of gases, approximately 80%
nitrogen, 20% oxygen and trace amounts of others.
Within a short time after the initial fill, the air in a prop-
erly operating closed system begins to lose its oxygen
content through oxidation. Unless fresh water with its
2% air is added, the gas remaining becomes nitrogen,
an inert gas. The chart in Figure 12 illustrates the
effects of pressure and temperature on the solubility
of nitrogen in water. This interpretation is based on
D.M. Himmelblau’s paper published in the Journal of
Chemical and Engineering Data, Volume 5, No. 1,
January 1960.
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Solubility of Nitrogen in Water
vs. Temperature and Pressure



The chart shows the maximum amount of nitrogen
that can be held in solution expressed in percentage
of water volume, It is based on the nitrogen being
released from solution and then expanded to atmos-
pheric pressure at 32°F. Obviously, if water is saturat-
ed with the maximum amount of air in solution,
increased temperature or reduced pressure will allow
some of the gas to come out of solution. If the water
temperature and pressure are returned to their original
level and this free nitrogen is present, it will be re-
absorbed. However, if this free nitrogen is separated
and vented off or moved somewhere else in the sys-
tem, the water will remain in a de-aerated condition.

Effective air management for the design engineer of a
closed hydronic system means devising a system so
that any nitrogen (system air) released from solution
gither by heating or by a reduction in pressure will be
at only one point. This point should be the connecting
point to the compression tank.

The chart in Figure12 illustrates maximum solubility of
nitrogen in water. However, if the total nitrogen in
solution can be measured only if removed as a gas
and measured at atmospheric pressure and 32°F how
does it enable design engineers to understand the
management of air in closed hydronic systems?
Simply by stressing the importance of locating air
separating equipment at the point of lowest air solu-
bility, based on both temperature and pressure.

Conversely, this emphasizes the importance of having
adequate system pressurization, since low pressure
areas allow nitrogen to be released from solution. This
again points out the advisability of locating all pumps
so that their operating pressures are always added to
the non-operating pressure existing at every point in
the system. Pumps should not create reduced
pressure at remote points in the system where air
can be released from solution. Always locate pumps
s0 that their operating heads add pressure at all
points in the system.

If it were possible to install the air separator at a point
where the absolutely lowest pressure and absolutely
highest temperature occurred management of the air
in the system would be complete. This is simply not
possible. Consequently, the designer must also pro-
vide piping circuitry that will be able to move any free
air back to the point where it can be separated from
the water and properly directed. Normally a water
velocity of 2 ft/sec will keep free air entrained and pre-
vent it from forming air pockets. High points in various
piping circuits in particular, can be collecting points
for free air. Proper pipe sizing is often effective in pre-
venting air traps at high points in systems.

The best location for air separating equipment, of
course, depends upon the particular system. No sin-
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gle rule can apply to all systems, When possible,
select a point which will have both the highest tem-
perature and the lowest pressure. When this isn't pos-
sible, the point of highest temperature should receive
first consideration as the air separation point. The
chart in Figure 12 shows that a large percentage of
nitrogen is released from solution when water temper-
atures rise above 200°F. With the possible exception
of high rise buildings, air separation at points of ele-
vated temperatures is generally an effective way to
de-aerate system water sufficiently to prevent further
release of nitrogen due to the reduced pressure at
system high points.

AIR SEPARATORS

Every closed hydronic system requires a device to
separate free air from the water and redirect it. In the
case of an Air Gontrol System that separated free air
is returned to the compression tank., The separated
free air in an Air Elimination System is vented to the
atmosphere. The principles governing the design of
air separators are simple. One is by reducing the
water velocity to 'z ft/sec or less. Water will not carry
along free air bubbles at that velocity. In boilers hav-
ing large internal water passages, water velocity is low
and the free air cartied to the boiler by the system
water along with additional air released by heating will
readily rise to a convenient high point. All of this free

TANK
i
BCILER DIP I SYSTEM
TUBES FOR i
TOP GUTLET
BOILERS
FROM SYSTEM
TANK
1 {\
BOILER DIP L) | TOSYSTEM
TUBES FOR
REVERSE FLOW
BOILERS
FIGURE 13

Boilers with Diptube Separators



air can then be piped from this collection point to the
compression tank. To prevent free air collected at the
top of the boiler from being circulated out into the sys-
tem and into the radiation, boiler dip tubes are used.
Some boiler manufacturers offer these dip tubes as
standard equipment and B&G offers a wide range of
sizes of top outlet boiler fittings for boilers that are not
SO equipped.

However, a boiler is not always available or useable as
the point of air separation and some other means of
separating the free air from the system water must be
employed.

The IAS-Inline Airtrol Separator operates by collecting
air off the top of the water flow and directing it to an
opening on top. Because proper operation is a func-
tion of the velocity here also, sizing is determined by
the flow rate.

Air Vent
(Optional)
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FIGURE 14
CRS Coalescing Removal Separator

Another principle used in the design of air separators
is centrifugal force. Tangential nozzles are used to
create a vortex at the center of a cylindrical vessel.
Air being lighter than water collects in the whirlpool
on an air collector screen and is then directed up-
wards either to return to the compression tank in an
air control system or in the case of the air elimination
system vented to the atmosphere. A big advantage
of this concept is that the tank size required is much
smaller than that required for a low velocity type. This
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device is called a Rolairtrol by B&G. Since efficiency
of separation is a function of velocity here also, sizing
depends upon the flow rate.

TO STANDARD
TANK OR VENT

SYSTEM
IN

SYSTEM

\OUT

AN

TO PRESSURIZED
TANK

FIGURE 15
IAS In-Line Air Separator

OUTLET

FIGURE 16
Rolairtrol Air Separator

The principle of coalescence is used in another style
separator. The coalescing medium allows small bub-
bles to combine making big bubbles which are much
easier than small bubbles to separate from water. This
device is called an Enhanced Air Separator. Its sizing
is again a function of the flow rate.
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FIGURE 17
EAS Enhanced Air Separator

Each of these designs provide efficient air separators.
The type selected depends upon the system designer's
specific requirements.



TANK INSTALLATION
STANDARD TANK INSTALLATION

Efficient air separating equipment and correctly sized
and positioned compression tanks require simple pip-
ing connections for proper performance.

y ), _-—-*"'
In an air control system connecting piping need only PITCH UP NOT LESS THAN 1" IN 5 FT.
be a riser pitched up to the tank. However, a number
of variations exist that can have considerable effect 3/4" MIN,

on the overall efficiency of a system as well as on the
size of the tank itself. As air bubbles are separated

from a system they must be allowed to rise into the TOTAL LENGTH OF HORIZONTAL RUN
compression tank. As that free air rises into the tank, TANK UP TO UP TO uP TO UPTO
an equal amount of water must return to the system. PN 2% 20FT. | 40FT. | 100FT.
This means that the piping connection between the air 4" ATF " 1" 17" 1"
separating device and the tank must always pitch up 1" ATFL M 1" 12" 2"
and be large enough in diameter to allow water and air “Vertical lines may be one size smaller than horizontal line,

to pass each other at the same time. Tests have but not less than */.".

shown that 3/4" pipe is the smallest diameter pipe
that should be used to allow simultaneous passage of
water and air.

FIGURE 18
Tank to Separator Piping

A reduced gravity head is a result of longer horizontal - =
piping which may make it necessary to use piping
larger than 3/4". Figure 18 shows recommended pipe
sizes to connect tanks to systems depending upon
the horizontal length of pipe.

Since the piping to compression tanks should be no
smaller than 3/4" and at times even larger in diameter,
a relatively large, direct pipe connection exists
between the system and the tank. Water that has re- [
leased air from solution because of a change in pres- |
sure or temperature at some point in the system will ;
attempt to absorb free air if the pressure or tempera-
ture changes put it in a state of less than saturation.
Free air should be confined in the compression tank.
Air leaving the tank and the water going into the tank
will set up gravity circulation between the system and
tank and cause the tank temperature to approach that
of the system. The result of increased tank tempera-
ture is increased tank size.

- E
EL | SMALL AIR TUBE SHOULD BE
I | UNOBSTRUCTED. USE WIRE

N | TO CLEAR IF NECESSARY.

|

AlR

B AIRTROL
VENT VALVE

FIGURE 19
ATF Airtrol Tank Fitting

Free passage of air rising into the tank while restrict-
ing gravity circulation between the tank and the sys-
tem is needed. A B&G Airtrol Tank Fitting allows air to
pass freely, but restricts the circulation of water be-
tween the tank and the system reducing tank temper-
ature. As a result the required tank size is smaller. See
Figures 19 & 20. The fitting selected depends upon
the tank diameter.

While it is impossible to prevent entirely the re-
absorption of air from a compression tank, the Airtrol FIGURE 20
Tank Fittings are helpful in reducing circulation of ATFL Airtrol Tank Fitting
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water between the tank and the system. In addition,
these fittings offer the ability to establish the initial
water level in the tank on filling the system. Often too
much air is trapped when the system is filled for the
first time. A manual air vent is furnished, integral in the
ATF model separate in the ATFL design, consisting of
a small diameter tube which extends up into the
tank.The ATF models are selected for the tank diam-
eter and the vent tube length is the proper length
for setting the initial ratio of water and air. The vent
tube for the ATFL model used on the larger tanks
must be cut to a length equal to two thirds the tank
diameter. While filling the system, this vent tube is
open allowing excess air to escape. When the water
level reaches the top of this tube, the vent should be
closed.

At times, installation of a single tank is impractical and
two or more tanks with a total volume sufficient for the
application must be utilized. This may be the result of
a low ceiling or a desire to use readily available
stocked sizes. Figure 21 lists the proper pipe size for
the manifold as a function of the number of tanks to
be used.

MANIFOLD HEADER SIZES FOR MULTIPLE TANKS

TANK TWO UP TO FOUR FIVE
FITTING TANKS TANKS OR MORE
" ATF 1" 114" 14"

1" ATFL 1" 11" 2"
FIGURE 21

Manifold Header Sizes

Mechanically pressurized tanks, attic installed tanks
and tanks at other than the so-called standard condi-
tions usually require different initial venting proce-
dures. Vent tubes can be easily adjusted to those spe-
cific requirements.

Typical piping details for various methods of connect-
ing tanks to systems are outlined in the chapter on
installation Details.
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PRESSURIZED TANK INSTALLATION

The tank to system piping in an application using a
pressurized compression tank differs from that using
a standard tank in several major respects:

1. Air from the system must be vented or purged to
the atmosphere and not allowed to enter the tank.

2. Tank-to-system piping must not be pitched-up to
the tank.

3. Shut-off and drain valves must be installed in the
tank-to-system piping to properly check ot re-
charge tank air pressure after the system has been
filled with water.

Typical tank-to-system and air vent/purge piping de-
tails are illustrated in the Appendix. General notes
regarding this piping follow:

1. The connection point of tank-to-system is the point
of no pressure change just as it is when using a
standard compression tank.

2. The piping connecting the tank to the system main
should be attached to minimize the possibility of air
and/or debris from entering the tank. [f connected
to a horizontal main, avoid bottom (6 o’'clock) and
top (12 o'clock) positions.

If the connection must be made to the bottom of
the main, install a dirt leg with a drain valve to trap
and flush debris.

3. The pressurized tank pre-charge pressure is based
on a dry (waterless) tank. In order to check or
change the pre-charge pressure the tank circuit
must be isolated from the main system piping.
A high quality, gate type, lock-shield valve is recom-
mended for this purpose. The lock-ghield for the
valve stem will reduce tampering with the valve which
normally must be open during system operation.

4. In addition to the lock-shield vaive used to isolate
the tank from the system, a drain valve, an auto-
matic air vent and a pressure gauge should be
installed in this piping. The drain valve is for flush-
ing and to drain the water from the tank for proper
air charging.

5. Since the tank sizing calculations are made on the
basis of minimum temperature rise in the tank, an
anti-thermosyphon loop must be included in the
tank-to-system piping to minimize the effect of
gravity circulation into the tank. A drop leg of 12 to
20 inches is usually sufficient. In addition, good
practice dictates that the piping and the tank in a
heating system not be insulated.



TANK TO SYSTEM PIPE SIZING

Table B lists recommended pipe sizes for the line con-
necting the tank to the system. The MBH column
indicates the output of the heat source. These recom-
mended pipe sizes will cause very low pressure drops
and thus prevent a buildup of pressure in the heat
generator as the water is heated up, expands and
flows towards the tank. If the pipe is too small the
resistance to flow can cause the pressure to increase

enough to lift the relief valve. It is customary to size
the tank so that the maximum pressure in the tank will
prevent the pressure at the relief valve from exceeding
90% of the relief valve setting. All of the pipe sizes
listed will prevent the system pressure from increasing
more than 10%, thus preventing the relief valve from
discharging.

EQUIVALENT LENG‘TH UP‘ TO 10 EQUIVALENT LENGTH 11' TQ 30' EQUIVALENT LENGTH UP 31' TG 100
- MAX AVERAGE TEMP.°F MAX AVERAGE TEMP.°F MAX AVERAGE TEMP.°F
MBH 100 | 150 200 250 100 k -.|- ’ _“1-5-0 200 ‘ - -2‘50 100 150 ZDE_“” 250
1000 e Ve Ve e s Ve s 3 s 4 3y ¥y
2000 e Ve Vo e 2 e %a # Y # 1 1
3000 fz \a 3 ¥a 3 3fs 1 1 5fa 1 1 11a
4000 e 3 e Y %, 1 1 1 1 1 v 1
5000 e Ha 3 1 4 1 1 1i/s 1 1. 1144 114
6000 e 4 1 1 ¥4 1 14 11 1 11 14 12
7000 2 1 1 1 1 1. 14 114 14 11/ 1 1
8000 4 1 1 1 1 1. 1 11 1/ 11 1fs 12
9000 s 1 1 s 1 1 1s 1 1/ 1 1a 2
10000 3 1 1 1 1 1. 11/ e 1 1 2 2
12000 1 1 1Y 11 1'a 11/ 1z 1z 1/, e 2 2
14000 1 1 117, 1y T 11/ 1. 2 14, 2 2 2
16000 1 11/s 1. 14 1 11/e 1. 2 1. 2 2 2
18000 1 114 1/ 1% 1 1/2 2 2 1z 2 2 2/
20000 1 11 1. 1/a 1 e 2 2 11 2 24 2ifs
TABLE B

Minimum Pipe Size from System to Pressurized Tanks

AUTOMATIC AIR VENT SELECTION

Automatic air vents should be selected on the basis of
their maximum operating pressure and their venting
capacity at the initial system fill pressure.

Nearly all of these vents will be float type and therefor
may not operate propetly if the system pressure ex-
ceeds the maximum design operating pressure of the
vent.

The air discharge capacity of the vent at fill pressure
is more critical than that at the operating pressure be-
cause the greatest amount of air removal takes place
during the filling and start-up procedures.

The rate at which air can be removed from the system
depends on many factors, some of these are:

1. System Pressure - The air vent discharge capacity
increases as the pressure differential across the
vent’s seat increases,

2. Air Separator Efficiency - An efficient air separator
can separate air from water at a very high rate and
the vent must release that air at the same rate to
prevent the air backing up and being carried back
out into the system or creating a blockage.
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3. Flow Rate - Generally, the greater the volume flow-
ing through the separator the greater the volume of
air the vent must release. Therefore large flow rates
require high capacity vents.

4. Temperature - Since warmer water has less soluble
gas in solution than cold water, heating the water
during the venting process increases the amount of
air available for separation.

Since all of the air in a system cannot and need not be
removed during the first few passes through the air
separator, the sizing of the automatic vent by capacity
is not as important as selecting one with the proper
maximum working pressure. Figures 38 through 42
offer suggestions for vent selection. The high capacity
vent has a discharge capacity of about 12 SCFM at 45
psi differential while the B&G #87 will discharge 2
SCFM and the B&G #7 will pass 3.5 SCFM. Using mul-
tiple low capacity vents is an acceptable alternative.

A leaky vent is not only a nuisance, it promotes corro-
sion with the fresh water and oxygen which eventually
is added as make-up. A commercial grade vent will
usually outlast the cheap hardware store variety.



DESIGN FOR INITIAL FILL PROCEDURE

Normally a closed system need be filled only once.
For some systems this can he a tedious, time
consuming task, particularly on large, long circuited
systems. However, the designer can simplify the
problem considerably by incorporating a few simple
design techniques in the initial plan.

Comment has been made previously that automatic
air vents should not be used on air control systems
unless they can be shut off after the initial fill. instead,
manual air vents at the main high points are recom-
mended. Automatic air vents are required in the air
elimination system since any free air must be vented
to the atmosphere.

By selecting the system piping to maintain a minimum
velocity of 2 ft/sec free air bubbles will be entrained by
the water flow and carried back to the separating
point where they can be directed to the compression
tank or vented depending upon the air management
system in use.

Purging may be another way to remove air from a sys-
tem on initial fill. Purging uses city water pressure to
force or chase free air from a piping circuit through an
open drain. Figure 44 illustrates a simple purging
hookup. Often a system can be designed so that no
manual air vents are needed. Instead, purging can be
used to free a system of most of the air trapped dur-
ing the initial fill. A precaution, however, should be ob-
served if purging is to be used. Cften when a smatl
pressure reducing valve is used, the rate of fill possi-
ble is not adequate to produce the volume of water
flow needed for large piping circuits. A manual by-
pass around the pressure reducing valve as shown
in Figure 48 would provide the flow and pressure
heeded for purging.

WATER FILL REQUIREMENTS AND BACKFLOW
PREVENTION

Filling a closed piping system with water and main-
taining the correct water volume is normally a simple
procedure. An automatic fill valve can be set to limit
the system pressure during a fill cycle while the
installer or repairman performs any necessary venting.
Once the system is filled however it is recommended
that the water supply to the valve be shut off.
Uncontrolled fiting and overheating of boiler compo-
nents may occur in a hot water heating systemn that
develops leaks or doesn’t include a properly installed
and operating air management system to compensate
for thermal expansion. A low water cutoff and/or alarm
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installed in the system piping is recommended to alert
the operator to add makeup water when required.
Manual fill by direct connection to the city water sup-
ply can be made using a positive shut-off type valve.
Where adequate city water pressure is not available or
to completely isolate a system from the main water
supply system, filing may be done by means of an
electrically driven pump or even a simple hand-
operated hydraulic pump.

BACK FLOW PREVENTION

When city water supply is used to fill a hydronic sys-
tem, the city supply provides the pressure needed to
add water to the system and to set the initial cold fill
pressure. However, if that supply source lcoses pres-
sure system water will flow back into the fresh water
supply unless some type of back-flow prevention is
used. B&G pressure reducing valves have a built-in
anti-siphon check valve to prevent the possibility of
this back-flow happening. Standard swing check
valves or B&G Flow control valves are also effective
back-flow preventers. However, many government
jurisdictions require more elaborate types of back-
flow prevention devices and local codes must be
consulted.

FILL CONNECTION LOCATION

The pressure created by the circulating pump affects
system pressure at all points except one - the point of
no pressure change - which is the compression tank
and where it connects to the system. In order to pro-
vide the necessary minimum initial pressure at the top
of the system, the only point in a system where pump
operation will not give an erronecus pressure indica-
tion on filling is at the point of no pressure change.
Therefore, the best location to make the fill connection
is to the line connecting the tank to the system. The fill
connection at this point also serves to direct any free
air entering with fresh water make-up into the com-
pression tank without first entering the system. In the
case of an air elimination system any free air entering
with the make-up water has ready access to an auto-
matic air vent. Cold water fill at any other point in the
system, particularly when high head pumps are being
used, will be affected by the pump head at the point
of entry. With the exception of low head pump sys-
tems, this can be an important consideration, often
making fill impossible or undesirable while the pump
is in operation.



MECHANICALLY PRESSURIZED SYSTEMS

Mechanical pressurization is often considered for
large systems or those having high static heads where
large compression tanks would be required. By
adding gas volume to a conventionally installed stan-
dard compression tank, most of the tank volume
becomes available as space for system expansion.
The result is a much smaller tank for a given applica-
tion. An air compressor of a tank of nitrogen is used
to increase the gas volume, usually to approximately
80% of the compression tank capacity. See Table J
for the procedure to size standard compression tanks
using this method. Several important design con-
siderations should be observed when using mechani-
cal pressurization for the compression tank:

Closed system design and installation procedures as
outlined previously should be followed closely. A
mechanically pressurized system must be con-
structed with pressure tight components and thor-
oughly tested for installation leaks. Gauge glasses on
compression tanks are particularly susceptible to
leaks when packing glands dry out. If gauge glasses
are used, shut-off valves should always be used at
each connecting point.

When possible, always check the possibility of elevat-
ing the standard compression tank. A conventionally
installed tank at the top of the system will always be
smaller than a mechanically pressurized tank located
at the bottom of the system.

Automatic operation of the gas source, either an air
compressor or bottled nitrogen, is generally not rec-
ommended. Manual charging of compression tanks
when necessary is preferred. Regular or excessive
need for pressurizing the system will indicate a sys-
tem leak requiring repair.

Should a system leak occur on a mechanically pres-
surized system having adequate air control, any loss
in water volume normally will register first as a lower
water level at the tank. However, since the water level
in a tank charged with 80% gas is already near the
bottom, even a small system loss could lower the
water level into the piping system. A low water cutoff
and/or alarm is recommended on a mechanically
charged system to hotify an operator to correct the
condition.

21



SYSTEM CLEANING AND STARTUP

If a piping system could be installed in perfectly clean
surrcundings using component parts that were also
completely clean and free of all foreign material, it
probably could be filled with water from the average
city supply, started and operated satisfactorily ever
after. However, this type of cleanliness in the assem-
bly of a piping system is virtually impossible. The
coatings nermally used as rust preventive on pipe, the
cutting oils used in threading pipe, the chips that
result, the flux used in sweating copper fittings, sand,
dirt of all types, etc. are all typical of the foreign
matter commonly found in a newly completed piping
system.

Consequently, every piping system should be thor-
oughly cleaned and flushed before startup. Various
commercial cleaning compounds are available for this
purpose. It is recommended that the system pumps
e used to circulate the fluid for several hours. After
draining and flushing the system with fresh water,
remove and clean any strainers, then refill the system
with fresh water. To aid in speeding up the flushing
operation, purge valves might be used. See the Water
Fill Requirements And Backflow Prevention sections.

Systern water should be maintained slightly on the
alkaline side (pH above 7 but below 9). Once started
in this manner, a properly designed system installed
correctly with a properly sized compression tank will
remain in operating condition indefinitely.

It is easy to see how a clean hydronic system is a
necessity for efficient operation, circulation and long
life. In areas where water supplies are apt to be some-
what corrosive initially, even a thoroughly cleaned and
flushed system may need chemical treatment to raise
the pH level into the 7 to 9 range. Obwiously, any ad-
ditive to a system that is intended to give many years
of trouble-free operation must be selected with great
care. Chemicals that aid in protection of some com-
ponents may adversely affect others. These chemi-
cals must be avoided. Silicates, borax and various
leak sealers are typical chemicals that are detrimental
to certain parts of a circulating water system.
Chemicals such as these destroy the sealing ability of
the pump mechanical seals, valve glands, etc. due to
erosion. When a chemical additive is required, it
should be selected on the hasis of its effect on the
entire system,

One of the reasons tightly c¢losed hydronic systems
rarely require an additive to establish the desired
pH level is that when a cleaning compound is used
initially, some small amount adheres to the piping
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after the system is drained. This is usually enough
alkaline material to raise the pH level to within the 7 to
9 range when the system is refilled. Open systems,
however, continually exposed to the atmosphere, with
fresh water being frequently added, usually require
some form of chemical additive.

START-UP

A properly designed and installed system that is
pressure tight and thoroughly cleaned and flushed is
easily put into service.

The system should be filled and the air managed
properly. If the Air Control method is to be used, all
excess air must be vented or purged and the proper
ratio of water to air established in the compression
tank. When using the Air Elimination method, all air
must be vented or purged from the system.

The type of piping system determines the method of
initial air removal. Two pipe and Monoflo systems
require an air vent on each piece of radiation. A series
loop or radiant panel piping system must be purgad to
eliminate the excess air at the initial fill.

Adequate pressurization at the top of the system is
required {see the Design Conditions for Proper
System Pressurization Chapter). For best results the
system should be circulated without the boiler firing
for several hours. This will scavenge air buhbles that
adhere to the surface of piping and system compo-
nents. A final venting or purging at high points should
then be repeated.

The initial air level in the compression tank should be
established in accordance with the installation in-
structions. The Bell & Gossett Airtrol Tank Fitting is
furnished with a manual vent tube to help set the
proper initial water level in the tank. The ATF models
are selected for the tank diameter and the vent tube is
the proper length for setting the initial ratio of water
and air. The ATFL model used on larger size tanks has
a separate vent which must be cut to the proper
length for the tank diameter.

Often, particularly on low static head buildings, too
much air will be trapped in the compression tank
when filling the system. The vent tube permits this ex-
cess air to escape and the proper water level to be
established. The proper cold fill water level for a
conventional 12 psi system is approximately two-
thirds of the tank diameter. Then, as the system is
heated, additional air is released from solution, sepa-



rated by the air separator and directed to the tank.
After the system’s water has been de-aerated by
heating, the Airtrol vent should not be opened unless,
for some reason, the system must be drained.

To de-aerate the system water initially, apply heat
before circulation is started, raising the temperature to
at least 220°F. By starting the system pump when the
temperature reaches 220°F, the water entering the
system will be more easily de-aerated. Upon cooling,
this water will then absorb any free air that has col-
lected at remote points in the system. Operation at
220°F will quickly de-aerate most systems. Radiant
panel systems, certain fan coil systems, or any system
that should not be heated to 220°F should be heated
to the maximum system design temperature.

For chilled water systems not equipped with a heat
source, thorough initial venting at the high points and
circulation at room temperature for several hours is
recommended.

Venting of the tank will not be necessary on mechan-
ically pressurized systems since gas must be added
either by a compressor or from a nitrogen tank to set
the initial tank proportions of 80% air and 20% water.
Venting at the high points while filling, circulating the
system water for several hours without heat, venting
high points again and then de-aerating the system
water by bringing it up to 220°F or the maximum
design temperature would complete the start-up pro-
cedure for mechanically pressurized systems.

SPECIAL PRESSURIZED TANK REQUIREMENTS

TANK AIR/GAS CHARGING PROCEDURE

Before the system is filled with water check the pre-
charge pressure. Unless otherwise noted the tank is
factory charged to 12 psig. This is not always the cor-
rect pre-charge pressure.

To determine the correct pre-charge pressure, first
check the print. If it isn’t indicated, either select it from
Figure 4 or call your local B&G representative for help.
To pre-charge the tank:

1. Check the tank air pressure at the pre-charge con-
nection with an accurate tire gauge.

2. If additional pressure is required, charge the tank
with oil-free compressed air or nitrogen gas. Occa-
sionally check the pressure as when filling a tire.
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3. Check the air valve for leakage. If it leaks, relieve
the pressure and replace the core with a Schraeder
type tire core. Do not depend on the valve cap to
seal the leak.

RE-CHARGING AFTER THE SYSTEM IS FILLED
WITH WATER

If it becomes necessary to check the pre-charge pres-
sure after the system has been in operation, the fol-
lowing steps are recommended:

1. Turn off the heat source and allow the system water
to cool to ambient temperature.

IMPORTANT: The tank can not be properly air
charged other than at the “fill” temperature.

2. Close the tank purge valve in the tank-to-system
piping.

3. Open the drain valve to empty the water from the
tank.Check the tank air pressure at the pre-charge
connection with an accurate tire gauge.

4. Charge the tank with nitrogen gas or oil-free com-
pressed air. Again, occasionally check the tank air
pressure.

5. Check the air valve for leakage. If it leaks, replace
the core with a Schraeder type valve core. Do not
depend on the valve cap to seal the leak.

6. Close the drain valve, open the lock-shield valve
and turn on the heat source.

SYSTEM COMPONENT INSTALLATION DETAILS

Installations of the components for hydronic systems
in general are not affected by the type of Air
Management being employed. In either case natural
laws are at work. Air goes up; hot water rises but dirt
falls. For air to be returned to the standard compres-
sion tank in an Air Control system the piping must
pitch up from the air separator. In an air elimination
system the vents must sit above the air separator and
the piping again must pitch up between the two.
Because the standard tank normally will be above the
connection to the system piping in order for the air to
return, dirt will not be able to travel to the tank. As for
natural convection between the cooler tank and the
warmer system water in a heating system or vice-
versa in a cooling system, the Airtrol Tank Fitting



eliminates the problem. In the case of the pressurized
tank in an Air Elimination system, it is frequently
installed below or to the side of its connection to the
system. Consequently, steps are necessary to prevent
dirt flowing into the tank and an anti-thermosyphon
loop may be required to prevent hot water getting to
the flexible diaphragm.

So, while the requirements of the Air Management
systems are similar, there are differences. Details of
hook-ups for each type system follow.

24



STANDARD COMPRESSION TANK INSTALLATIONS
FOR
AIR CONTROL TYPE AIR MANAGEMENT SYSTEMS

This section of the Air Management manual includes schematics illustrating typical system installation
of the various components.

Standard Compression Tank with ABF Airtrol Boiler Fitting Air Separator

Standard Compression Tank with IAS Inline Separator

Standard Compression Tank with Low Ceiling or Floor Mounted Air Separator
Multiple Standard Compression Tanks with Low Ceiling Installation

Standard Compression Tank with Low Ceiling and Secondary Air Separator
Standard Compression Tank with Multiple Boilers, Preferred Method A

Standard Compression Tank with Multiple Boilers, Preferred Method B

Standard Compression Tank with Multiple Boilers, Alternate Method

Standard Compression Tank with Multiple Boilers, Incorrect Method

Converter Installation

Converter Installation with 3 Way Valve

Boiler Installation with 3 Way Valve

Air Control with Primary/Secondary Pumping System using Rolairtrol Air Separator
Air Control with Primary/Secondary Pumping System using ABF Airtrol Boiler Fitting Air Separator
Air Control in Combination Heating/Cooling Hydronic Systems

Typical CRS Hookup

Typical Rolairtrol Hookup
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STANDARD TANK INSTALLATIONS FOR AIR CONTROL SYSTEMS

A standard compression tank will normally be located
above the connection point to the piping system. This
connection point is at the air separator. The type of
air separator makes no difference. Figures 22 & 23

illustrate typical hook ups for a normal residential
installation.

B&G “SA”
FLO-CONTROL VALVE

SUPPLY

All installations are not normal. The additional
figures illustrate the hook up required to ensure

proper system operation for a particular set of
circumstances.

TOP OQUTLET BOILER

B&G
COMPRESSION TANK

B&G AIRTROL
Il — TANK FITTING

B&G PRESSURE
REDUCING VALVE

T BACKFLOW

PREVENTER
-~ B&G BOOSTER
PUMP
B&G AIRTROL
BOILER FITTING ™ s BECLEERER
BOILER
FIGURE 22
Standard Tank with ABF Airtrol
Boiler Fitting Air Separator RETURN
(reference only- ABF no longer available) \
B&G
COMPRESSION TANK
B&G AIRTROL /
TANK FITTING |
BACKFLOW PITCH UP
PREVENTER \"' NAL TO%ANK
C.W. FILL
B&G PRESSURE REDUCING VALVE
TO
B&G RELIEF gis il B 2
VALVE T SYSTEM PUMP

: 1 \

LI

i B&G IN-LINE

s \ AIR SEPARATOR
BOILER OPTIONAL
SIDE QUTLET
BOILER CONNECTION
RETURN %: FIGURE 23
Standard Tank with IAS Inline Air Separator
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LOW CEILING INSTALLATION

The following sketches illustrate installation methods
for obtaining satisfactory management of air in Air
Control systems when it is impossible to pitch the air
return line from the air separating device up to the
compression tank. This may be the result of a low ceil-
ing or a tall boiler. Figure 24 illustrates the use of an
external air separator to lower the point of air separa-
tion below the compression tank. Figure 25 illustrates

A third method of solving this problem is to make use
of an auxiliary separator. Figure 26 illustrates this
method. Air laden water from the main separator is
directed through the “air line” by the small circulator
to the secondary separator where the air is separated
and directed to the compression tank. The small
booster must be selected so that its shutoff head is 2
to 3 ft greater than the static height “H” shown.

the use of multiple small diameter compression tanks
to permit proper pitching up of the connecting piping.

.

B&G PRESSURE RELIEF
VALVE ASME RATED

—A MANUAL VENT -
]

FIGURE 24
Low Ceiling or Floor Mounted
External Separator
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SYSTEM

Y

"1_

B&G COMPRESSION TANK

/
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B&G PRESSURE REDUCING VALVE
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B&G IAF (For Reference Only)

TO SYSTEM

B&G SYSTEM PUMP
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TO B&G SYSTEM PUMP
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l
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886 ARTROL | —"
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FROM WITH BUILT-IN FIGURE 25
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\ ) OVERHEAD MAIN

FIGURE 26 ) - z
Low Ceiling Secondary Separator
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“Ho MOUNTED
TANK
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MULTIPLE BOILER INSTALLATION

The preferred methods for connecting multiple boilers
are shown in Figures 27 and 28. Both of these sketches
illustrate how a single tank can accommodate two or
more boilers. An acceptable alternative using multiple
tanks and air separators is shown in Figure 29.

In the alternate method, size each tank for the pro-
portion of the total system capacity its boiler will pro-
duce. If each boiler will produce 100% of the system
capacity each compression tank must be selected to
handle 100% of the system expansion. Note, under
this circumstance, if both boilers operate together at
part load, the compression tank space available will
be considerably greater than that required to handle
the reduced amount of system expansion and may

prevent proper pressurizing of the system. In addition,
when boiler operation is switched from one to the
other, the shut-off valves for water fill must be adjusted
either automatically or manually.

The consequences of connecting multiple boilers, hot
water generators, converters and other water heaters
with a common air line to a compression tank or tanks
is shown in Figure 30. In this case, free air, upon being
separated from the system piping, must rise by gravity
into the compression tank. Pumped circulation can
exist through a common air line thus preventing free
air from rising into the tank from one of the boilers.
This method of connecting multiple boilers to a single
tank is not recommended.

FIGURE 27
: ; wpm B&G COMPRESSION TANK
Multiple Boilers Preferred Method “A WITH AIRTROL TANK FITTING
B&G PRESSURE REDUCING VALVE
WITH BUILT-IN CHECK VALVE
———

B&G PRESSURE RELIEF
VALVE ASME RATED “

N W

FROM SYSTEM

—*/th

B&G ROLAIRTROL

—_—
TO B&G SYSTEM PUMP

FIGURE 28
Multiple Boilers Preferred Method “B”

i —

TO SYSTEM PUMP

mowsrsrn | )
T
el o

B&G COMPRESSION TANK
— Pumprmust | | /
have shut-off

head equal to

or greater than
uA“ + 21
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FIGURE 29
Multiple Boilers Alternate Method

B&G COMPRESSION TANK
WITH AIRTROL TANK FITTING

- —~—a

B&G PRESSURE
REDUCING VALVE

b

' M—; ; » TO B&G SYSTEM PUMP
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- B&G AIRTROL
BOILER FiTTING

¥ F

FROM SYSTEM

— &

FIGURE 30
Multiple Boilers Incorrect Method

——- ———f
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|
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CONVERTER INSTALLATION

Since the shell and tube converters of the type shown
in Figures 31 and 32 are used to isolate one closed
piping system from another, in general an air separa-
tor must be installed to maintain management of the

B&G PRESSURE REDUCING VALVE
WITH BUILT-IN CHECK VALVE

air in the isolated system. Although the tube side is
shown here as the isolated system it could just as well
be the shell side that is the closed isolated system
requiring air management.

B&G COMPRESSION TANK
WITH AIRTROL TANK FITTING

FIGURE 31 CW.
Converter Installation
[ B&G ROLAIRTROL
TO B&G SYSTEM PUMP
B&G PRESSURE RELIEF P
VALVE ASME RATED
TO
HEATING SOURCE * FROM SYSTEM
B&G HEAT EXCHANGER
Iy INSTALL TEMPERATURE
CONTROL AT HEAT
EXCHANGER OUTLET

FROM
HEATING SOURCE

FIGURE 32
Converter Installation

With 3-Way Valve

B&G PRESSURE REDUCING VALVE

B&G COMPRESSION TANK
WITH AIRTROL TANK FITTING

WITH BUILT-IN CHECK VALVE

C.W.

MODULATING 3-WAY VALVE

B&G PRESSURE RELIEF

VALVE ASME RATED

INSTALL TEMPERATURE
CONTROL AT HEAT

EXCHANGER OUTLET

TO
HEATING SOURCE
FROM

B&G HEAT EXCHANGER

P  TO B&G SYSTEM PUMP

B&G ROLAIRTROL

FROM SYSTEM

-
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THREE WAY VALVE INSTALLATIONS

When a three way valve is used to modulate water valve to provide water temperature modulation with
temperatures and provide continuous circulation an continuous fluid circulation through the system. Note
air separator sized for the main system flow should be the location of the point of no pressure change at the
installed. Such an installation is shown in Figures 32 & air separator is also at the suction side of the pump.

33 and permits the use of a three way mixing type

FIGURE 33
Boiler Installation With 3-Way Valve

B&G PRESSURE REDUCING VALVE
WITH BUILT-IN CHECK VALVE

B&G COMPRESSION TANK
WITH AIRTROL TANK FITTING

Cc.w.
MODULATING 3-WAY VALVE

B&G PRESSURE RELIEF B&G ROLAIRTROL
VALVE ASME RATED

TO SYSTEM

/ B&G SYSTEM PUMP

" /

FROM SYSTEM PIPE SUPPORT
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TEMPERATURE MODULATION WITH SECONDARY PUMPING

An effective yet inexpensive method of system tempera-
ture modulation is accomplished by employing sec-
ondary pumping. The required temperature of the water
being continuously circulated through the primary sys-
tem can be maintained to satisfy the needs of the sec-
ondary heating system by a small heat injection pump
that cycles, putting hot boiler water into the loop to off-
set the heat removed in the active heating zones. Figures
34 and 35 illustrate the piping arrangements and com-
ponents required. The injection pump required is usually
much smaller than the primary circulating pump and can

FIGURE 34
Air Control With Primary/Secondary Pumping

B&G PRESSURE REDUCING VALVE
WITH BUILT-IN CHECK VALVE

B&G PRESSURE RELIEF
VALVE ASME RATED

FROM SYSTEM ==

often be an in-line Booster Pump. The cost of a small
heating pump and the smaller size piping to the heat
source is usually less than the cost of a modulating three
way valve which must be sized for the full system water
flow.

Keep in mind the possibility of thermal shock due to cold
water entering a hot boiler. Several methods can be used
to guard against this, see B&G Bulletins TEH-775 and
TEH-1275. As illustrated, year-around boiler usage is
possible since system pressurization is maintained.

B&G COMPRESSION TANK
WITH AIRTROL TANK FITTING
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B&G SYSTEM PUMP

B&G FLO-CONTROL VALVE

FIGURE 35
Air Control With Primary/Secondary Pumping

B&G COMPRESSION TANK
WITH AIRTROL TANK FITTING

B&G PRESSURE REDUCING VALVE
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e
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AIR CONTROL IN COMBINATION HEATING AND COOLING SYSTEMS

All closed hydronic systems, heating and/or cooling,
require air management with adequate system pres-
surization. In addition, a single compression tank con-
nection remains a requirement to achieve a fixed point
of no pressure change. Multiple tank connections in a
closed system permit the water level to change in
each tank and the point of no pressure change to
move. The preferred method for installing air control

FIGURE 36
Air Control In Combination Heating/Cooling

B&G PRESSURE REDUCING VALVE

WITH BUILT-IN CHECK VALVE

equipment and connecting a single compression tank
for a combination heating/cooling system is shown
in Figure 36. The pressure on the system is equalized
at all times during heating or cooling cycles by the
Flo-control valve arrangement between the chilled
water circuit and boiler circuit. Switchover can be
either automatic or manual, the system will never be
isolated from the tank.

B&G COMPRESSION TANK
WITH AIRTROL TANK FITTING

C.W.
STANDARD TEES

CONNECTED SIDE BY SIDE \
FROM SYSTEM . -

L
B&G PRESSURE RELIEF ___
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33



TYPICAL AIR SEPARATOR INSTALLATION DETAILS

lllustrated are typical installation details for air sepa-
rators in both Air Control and Air Elimination air
management systems. Note that in all cases the con-
nection between the tank and the piping system (the

point of no pressure change) is at the pump suction.
This is always the preferred location but is the re-
quired location for high headed pumps.

FIGURE 37
CRS Coalescing Removal Separator
B&G Model 98
) /High Capacity
™ Air Vent
'f{%f—‘—ﬁ (Optional)
From Boiler, L _'“ B&G Triple
Chiller, or  =—— L] [ ” /Duty Valve
Converter — /
- B&G #7
. or #87 —» To System
B&G Series CRS —p = — Air Vent
Coalescing
Removal Separator "
Pressure = }é

Blowdown Gage

B&G Pressurized —
Expansion Tank

et Ll e b
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’

B&G PRESSURE REDUCING VALVE
WITH BUILT-IN CHECK VALVE

C.w.

haanssnnannesm”

1
B&G
Suction B&G System Pump
Diffuser

FIGURE 38
Air Control Hookup Rolairtrol Separator
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AND AIRTROL TANK FITTING

FROM SYSTEM

SUPPORT FROM
CEILING OR FLOOR

TO SYSTEM
ol

i

B&G SYSTEM PUMP

STRAIGHT
SUCTION PIPE
5 DIAMETERS

MINIMUM

IF EQUIPPED WITH A STRAINER
ALLOW ROOM FOR REMOVAL

AL

PIPE SUPPORT
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PRESSURIZED EXPANSION TANK INSTALLATION DETAILS
FOR
AIR ELIMINATION TYPE AIR MANAGEMENT SYSTEMS

The following figures illustrate the proper hookup of a pressurized tank in an Air Elimination System.

» Vertical Pressurized Expansion Tank with Rolairtrol Air Separator
* Horizontal Pressurized Expansion Tank with Rolairtrol Air Separator
e Typical piping using IAF or ABF Air Separators (for reference only)

s Pressurized Expansion Tank with 1AS Air Separator
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High Capacity

Floal Type
Air Vent B&G Pressure Reducing Vaive
' with Check
FIGURE 39
Vertical Bladder Tank Installation
Coid Water with Rolairtrol Air Separator
From
Beiler ——
or HX
1 Sezgote BA&G Triple Duty Valve
B&G Aolairtrol —— J
Air Separator /@,b@ To System
BAG #7 | ¥
Pressure  or #87 -
Gage Air Vent
\ /
ﬁ }é B&G
Suction B&G System Pump
\ Diffuser
Pre-Charging ———— @
Alr Connection » ®
4 Y
T
I t
B84 Pressured——— || !
Expansion |
Tank | |
(Series B or : : H“‘—Sge_- Table I for DS gon_ge‘ct to sil;:lgnoi main. {3 — Tank connection locations
Series D-Vertical) H h Piping Sizing wvoid fop or om may vary depending cn
\ | connection to prevent air tank size and madel.
S S ar debris from entaring (@ — Pravide anti-thermo-
-~ " .-"\\ pipe ta tank. syphon loop 1o prevent
(2) — Shut-oft valve o rawvity heating of tank.
recommended. Drain vaive ?2" min. drop.
aiso required 1o propedly (B} — Insert tee here for system
Drain (2 precharge tank. waler connection of parailel
tanks {if used}.
FIGURE 40

Horizontal Diaphragm Tank Installation

with Rolairtrol Air Separator

High Capacity
Float Type I
Air Vent ——

B&G
Rolairtrol
Air
Separator

B&G Fressurized Tank {Series D).

Tanks My ba Floor Mounied

B&G #7 or #87
Alr Vent

B&G Pressure
Reducing Valve

with BLZ Leg Assemblies.
See Fig 39 for series B Tank Mounting.

Pre-Charging Alr
Connection

\

——

with Check 'ﬁ" \\
Pressure .; _
Gage\ ,;‘ i
/ !
® / S
«—— Coid Water @ @
Fin
-+——-+ Sae Table I for Pipe Size
See@;dote / B&G Triple Duty Valve
To System
“
@ +—B&G
System
Pump
Orain & —" B&G Suction
Diffuser

NOQTES:

(1) -~ Gonnect to side of main,
Avoid top or bottom
connection to prevent air
ar debris from entering

pipe to tank.

Sm-w valve
recommended. Drain valve
also required 1o properly
precharge tank.

& —
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(3) — Tank connection locations
may vary depending on
tank size and model.

— Pravide anti-thermo-
syphon loop 1o prevent
?ravily heating of tank.

2 min. drop.

&) — Insert tee here for system
water connection of paralle!
tanks (it used}.



FIGURE 41
Typical piping with IAF In-Line Air Separator
or Airtrol Boiler Fitting

(for reference only.

NOTE: IAF and ABF are
obsolete products)

B&G Pressure
with Check

Reducing Valve

S

High Capacity Float
Type Air Vent

Relief Valve

/When Required / Vent

oo waer — Tl LTl ~~ 3~
0l ater L oo PO
Fill ] Ta
|
[
[
LoJ
From Boiler —"—5 -
or Heat —[ﬂv\q—E
Exchanger
Large |AF- 2" to IAF-8"
High Capacity
Vi s
ir Follow
! w:::tual Figure 39 or 40
2 for Tank and
' B Pump Piping
Relief Valve
Fitting
B&G Pressure Reducing Valve
with Check
Cold Water
Fill
e m— J
From
System

FIGURE 42
Horizontal Diaphragm Tank Installation
with IAS In-Line Air Separator

Fitting No. of Vents
Size, In. Rect fed
1, 1% 1

1/, 2 2*

2/, 3 3

* One High Capacity Float
Vent can be substituted
BAG #7 or #87
Air Vents
See Table
Above

B&G Pressure
Reducing Valve
with Check

Air
Eliminator

Fitting

Cold
Water
Fill

Boller

Typical Piping
with Airtrol Boller Fitting

B&G Pressurized Tank (Series D).
Tanks My be Floor Mounted
with BLZ Leg Assemblies.

See Fig 39 for series B Tank Mounting. Pre-Charaing Al
i arging Air

Connection
B&G #7 or #87,
Air Vent \
@ -
b
U ‘

Pressure \ b
Gage L

\

|

!
/

B&G Flo-Control Valve
or Triple Duty Valve

®

+— See Table I
For Pipe Size

B&G System Pump

~—— Dirt Leg @

\

Drain (2)

NOTES:

@ — Install dirt leg approx, 8*
long tc prevent debris from
entering tank.

@) — Shut-off valve
recommended. Drain valve
also required to properly
precharge tank.

@ — Tank connection locations
may vary depending on
tank size and model.

@) — Provide anti-thermo-
syphon loop to prevent
gravity heating of tank.
12" min. drop.
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TYPICAL VENTING AND PURGING DETAILS

A number of methods have been used to vent high
points of system piping. Manually operated air vents
of various types are available, are usually reliable and
definitely should be used instead of automatic ver-
sions for this service, and for all uses in an Air Control
air management installation. Automatic air vents are
necessary to vent the air separated in an Air Elimination

FIGURE 43
Typical Venting Details

M
L

A number of methods have been used vent-
ing high points of system piping. Manually
operated air vents of various types are
available and are usually quite reliable.
lllustrated here are several venting details
where high points in system piping can
be made more easily accessible. The illus-
trated fittings for each of the two methods
shown are normally available commercially.
In larger systems, vent tubing from the sys-
tern high points can be assembled in a
manifold at some convenient point in the
mechanical room,

FIGURE 44

e

FROM SYSTEM

TO PURGE

OPEN /T-‘L

Mg

CLOSE

1

TO BOILER

TO DRAIN

3\
A}

31 o
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air management installation. However, care must be
exercised in the location of these automatic air vents
to ensure accessibility should they require mainte-
nance. lllustrated here are several details which make
venting high points in a system more easily accessi-
ble. The fittings shown are commercially available.

b |

K

The purging hookup shown here is typical. Purging
uses city water pressure 10 sweep the air in the
system to a point where it is vented off. City water
continues to flow until the discharge entering the drain
Is clear. Use care when city water pressures are high
to ensure that the working pressures of all system
components are not exceeded.



TYPICAL SYSTEM FILL DETAILS

A typical closed system with manual fill is illustrated in
Figure 45. Manual fill can be by direct or hose connec-
tion to the city water supply. When the system uses
anti-freeze, the fill tank shown would be used. In either
case good practice would include installation of a low
water cutoff to protect the system.

A typical automatic water fill using a small Bell &
Gossett pressure Reducing Valve is illustrated in
Figure 46. The optional by-pass line (valve is normally

FIGURE 45
Manual Fill Closed System

B&G FLO-CONTROL VALVE \
-Lm

o, ——sa—dp

B&G PRESSURE RELIEF
VALVE ASME RATED

closed) permits a faster fill rate than with the pressure
reducing valve. If the system requires purging to get
rid of the air at initial fill, a by-pass is necessary. Good
practice now dictates installing a low water cutoff and
shutting off the city water supply to the heating
system after the initial fill and setting of the cold fill
pressure.

Check local codes, many require installation of a
backflow preventer.

B&G COMPRESSION TANK
WITH AIRTROL TANK FITTING

OPTIONAL LOW
WATER ALARM

i

B&G HEAT EXCHANGER

B&G ROLAIRTROL

FROM

INSTALL TEMPERATURE
CONTROL AT HEAT
EXCHANGER OQUTLET

FIGURE 46
Automatic Fill Closed System

OPTIONAL C.W. FILL POINT

OPTIONAL BYPASS TO

INCREASE FILLRATE

C.W.

TO B&G SYSTEM PUMP

—— FROM SYSTEM

B&G COMPRESSION TANK
WITH AIRTROL TANK FITTING

s

UNION IN VERTICAL LINE
ONLY ¥/"MINIMUM

3

B&G PRESSURE REDUCING VALVE
WITH BUILT-IN CHECK VALVE
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TABLE C - Average Water Content of System Components, Gals
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TABLE D

Water Volume per Foot of Pipe

PIPE SIZE GAL PER PIPE SIZE GAL PER
NOMINAL LINEAL FT. NOMINAL LINEAL FT.
s 0.016 3 0.38
e 0.028 4 0.66
1 0.045 5 1.04
1/ 0.078 6 1.50
1 0.106 8 2.66
2 0.170 10 4.20
2/ 0.250 12 5.96

TABLE E

Shell and Tube Heat Exchangers, Average Water Volume

NOMINAL SHELL GALLONS PER FOOT OF SHELL LENGTH
DIAMETER, INCHES IN SHELL IN TUBES
4 0.43 0.23
6 1.00 0.50
8 1.80 0.90
10 2.40 1.20
12 4.00 2.20
14 5.00 2.60
16 6.50 3.50
18 8.00 4.50
20 10.00 5.50
24 15,00 7.50
TABLE F
Net Water Expansion Factors
TEMPERATURE °F FACTOR TEMPERATURE °F FACTOR TEMPERATURE °F FACTOR TEMPERATURE °F FACTOR
100 0.0057 140 0.0149 180 0.0279 220 0.0433
105 0.0068 145 0.0167 185 0.0296 225 0.0457
110 0.0080 150 0.0178 190 0.0314 230 0.0475
115 0.0092 155 0.0196 195 0.0332 235 0.0505
120 0.0097 160 0.0208 200 0.0350 240 0.0523
125 0.0115 165 0.0225 205 0.0374 245 0.0547
130 0.0126 170 0.0243 210 0.0391 250 0.0571
135 0.0138 175 0.0261 215 0.0415 255 0.0595
TABLE G
Aqueous Glycol Solution Correction Factors
TYPE ;?, AF:Z%' TEMPERATURE °F
VOLUME | TEMPF 100 110 120 130 140 150 1860 180 200 220 240 250
10 25 1.70 1.47 1.46 1.31 1.28 1.24 1.20 1.43 1.11 1.08 1.06 1.05
Eg 20 16 1.75 1.54 1.51 1.38 1.35 1.29 1.85 1.18 1.15 112 1.10 1.09
;g 30 4 1.96 1.68 1.66 1.49 1.45 1.38 1.35 1.25 1.22 1.18 115 1.14
i 40 -13 2.06 1.77 1.75 1.56 1.52 1.45 1.41 1.31 1.27 1.23 1.20 1.19
50 -35 2.24 1.91 1.88 1.67 1.63 1.55 1.49 1.38 1.34 1.29 1.25 1.24
o 10 26 1.76 1.53 1.52 1.37 1.34 1.29 1.26 1.18 1.16 1.12 1.11 1.10
ﬁb’ 20 18 2.07 1.79 1.76 1.58 1.55 1.47 1.43 1.34 1.30 1.28 1.24 1.23
x g a0 8 2.42 2.08 2.05 1.83 1.77 1.68 1.63 1.50 1.46 1.40 1.37 1.35
E © 40 -7 2.61 2.25 2.19 1.96 1.90 1.81 1.75 1.62 1.56 1.50 1.46 1.45
50 28 2.87 2.47 2.42 215 2.07 1.97 1.80 1.75 1.68 1.61 1.57 1.55
Carrect the standard compression tank selected from Table H er the pressurized tank
sealected from Table M with the above tactor. 42

Both tank volume and acceptance velume must be correctad for pressurized tanks.




STANDARD COMPRESSION TANK SIZING WOBKSHEET

SYSTEM VOLUME
Use actual if available. If not, Table C has average volumes for boilers, radiation and piping systems.

ITEM BTU RATING WATER CONTENT
Boiler or Chiller

Radiation or Terminal Unit

Piping
SYSTEM
VOLUME
TANK SIZING
1. Average design water temperature, °F
2. Initial tank pressure, psi
3. Maximum pressure at the tank, psi
4. Tank required, standard conditions, {Table H) gals
5. Correction factor for non standard pressures (Table 1), use 1 if standard
6. Correction factor for Glycol (Table G), use 1 if water
7. Adjusted tank volume required (Multiply line 4 by lines 5 & 6) gals

TANK AND AIRTROL TANK FITTING SELECTED

TANK MODEL . gal TANK FITTING NO.

NOTE: Tank volume of Model selected must be greater than that required in step 7.

FIGURE 47
Standard Compression Tank Sizing Worksheet
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Standard Tank Sizing Chart

TABLE H

Sizing based on pressures at the tank, P = 12psi and Prax opsiaing = 30pSsi

MEAN DESIGN WATER TEMPERATURE, °F

SYSTEM 100 110 120 130 140 150 160 180 200 220 240 250
VOLUME Vi Vi Vi Vi Vi Vi Vi Vi Vi Vi Vi Vi
gal gal gal gal gal gal gal gal gal gal gal gal gal
1 0.03 0.04 0.04 0.06 0.07 0.08 0.09 0.13 0.16 0,20 0.24 0.26
2 0.05 0.07 D.09 0.11 0.18 0.16 0.19 0.25 0.32 0.39 0.47 0.52
3 0.08 0.11 0.13 017 0.20 0.24 0.28 0.38 0.47 0.59 0.71 0.77
4 0.10 0.14 017 0.23 0.27 0.32 0.38 0.50 0.63 0.78 0.94 1.03
5 0.13 0.18 0.22 0.28 0.34 0.40 0.47 0.63 0.79 0.98 1.18 1.29
6 0.15 0.22 0.26 0.34 0.40 0.48 0.57 0.76 0.95 A 1.42 1:55
7 0.18 0.25 0.31 0.40 0.47 0.56 0.66 0.88 1.11 1.37 1.65 1.80
8 0.21 0.29 0.35 0.45 0.54 0.64 0.76 1.01 1.26 1.56 1.89 2.06
9 0.23 0.32 0.39 0.51 0.60 0.72 0.85 1.13 1.42 1.43 212 2.32
10 0.26 0.36 0.44 0.57 0.67 0.80 0.95 1.26 1.58 1.95 2.36 2.58
20 0.50 0.70 0.90 1.10 1.30 1.60 1.90 2.50 3.20 3.90 4.70 5.20
30 0.80 1.10 1.30 1.70 2.00 2.40 2.80 3.80 470 5.90 7.10 7.70
40 1.00 1.40 1.70 2.30 2.70 3.20 3.80 5.00 6,30 7.80 9.40 10.30
50 1.30 1.80 2.20 2.80 3.40 4.00 4.70 6.30 7.90 9.80 11.80 12.90
60 1.50 2.20 2.60 3.40 4.00 4.80 5.70 7.60 9.50 11.70 14.20 15.50
70 1.80 2.50 3.10 4.00 4,70 5.60 6.60 8.80 11.10 13.70 16.50 18.00
80 2.10 2.90 3,50 4.50 5.40 6.40 7.60 10,10 12.60 15.60 18.90 20.60
90 2.30 3.20 3.90 5.10 6.00 7.20 8.50 11.30 14.20 17.60 21.20 23.20
100 2.60 3.60 4.40 5.70 6.70 8.00 9.50 12.60 15.80 19.50 23.60 25.80
200 5.00 7.00 9.00 11.00 13.00 16.00 19.00 25.00 32.00 39.00 47.00 52.00
300 8.00 11.00 13.00 17.00 20.00 24.00 28.00 38.00 47.00 59.00 71.00 77.00
400 10.00 14.00 17.00 23.00 27.00 32.00 38.00 50.00 63,00 78.00 94,00 103.00
500 13.00 18.00 22.00 28.00 34.00 40.00 47.00 63.00 79.00 98.00 118.00 129.00
600 15.00 22.00 26.00 34.00 40.00 48.00 57.00 76.00 95.00| 117.00| 142.00| 155.00
700 18.00 25.00 31.00 40.00 47.00 56.00 66.00 88.00| 111.00f 137.00| 165.00| 180.00
800 21.00 29.00 35.00 45.00 54.00 64.00 76.00 101.00( 126.00| 156.00| 189.00| 206.00
900 23.00 32.00 39.00 51.00 60.00 72.00 85.00 113.00| 142.00| 176.00| 212.00| 232.00
1000 26.00 36.00 44.00 57.00 67.00 80.00 95.00 126.00f 158.00| 195.00| 236.00| 258.00
2000 51.00 72.00 87.00 | 114.00 | 134.00 | 161.00 | 189.00 252.00| 316.00| 391.00( 472.00( 515.00
3000 77.00 | 108.00 | 131.00 | 170.00 | 202.00 | 241.00 | 284.00 | 378.00| 474,00 586.00| 708.00| 773.00
4000 | 103.00 | 144.00 | 175.00 | 227.00 | 269.00 | 321.00 | 379.00 503.00| 631.00| 781.00( 944.00| 1030.00
5000 | 129.00 | 180.00 218.00 284.00 | 336.00 | 401.00 474.00 629.00( 789.00| 977.00| 1180.00| 1288.00
6000 | 154.00 | 216.00 | 262.00 | 341.00 | 403.00 | 482.00 | 568.00 755.00| 947.00| 1172.00 | 1415.00| 1545.00
7000 | 180.00 | 253.00 | 306.00 | 398,00 | 470.00 | 562.00 | 663.00 881.00| 1105,00| 1367.00 | 1651.00| 1803.00
8000 | 206.00 | 289.00 | 349.00 | 455.00 | 538.00 | 642.00 | 758.00 | 1007.00| 1263.00| 1562.00 | 1887.00| 2060.00
9000 | 231.00 | 325.00 | 393.00 | 511.00 | 605.00 | 723.00 | 852.00 | 1133.00| 1421.00| 1758.00| 2123.00| 2318.00
10000 | 257.00 | 361.00 | 437.00 | 568.00 | 672.00 | 803.00 | 947.00 | 1258.00| 1579.00 | 1953.00 | 2359.00| 2576.00
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TABLE |

Pressure Correction Factors
Use to size standard tanks at other than standard pressure conditions

INITIAL
Paegiuae ALLOWABLE SYSTEM PRESSURE INCREASE, PSI
T"EP;‘:‘NK 6 B 10 12 14 16 20 25 30 40 50 75
4 1.18 0.95 0.81 0.72 0.86 0.61 0.55 0.49 0.46 0.42 0.39 0.35
8 1.64 1.31 1.12 0.99 0.90 0.83 0.73 0.65 0.60 0.54 0.50 0.45
12 2.20 1,75 1.48 1.30 1.17 1.08 0.94 0.83 0.76 0.67 0.62 0.55
18 3.20 2.51 211 1.84 1.65 1.50 1.30 1.14 1.03 0.90 0.82 0.71
24 4.36 3.41 2.84 2.47 2.20 2.00 1.71 1.49 1.34 115 1.04 0.88
30 4.43 3.68 3.20 2.82 2.56 2.18 1.88 1.68 1.43 1.28 1.08
38 4.98 4,29 3.79 3.42 2.89 2.47 2.19 1.84 1.63 1.35
50 410 3.50 3.10 2.60 2.24 1.82
60 4.49 3.93 3.23 2.81 2.25
70 4.88 3.98 3.34 2.71
Multiply the tank size selected from Table H by the correction factor to determine the standard tank size requiremed for the non standard pressure conditions.
TABLE J
Correction Factors for Standard Tanks Selected from Table H
When tank is mechanically charged with gas to 80% of the tank"s volume
INITIAL ALLOWABLE SYSTEM PRESSURE INCREASE, - RELIEF VALVE OPERATING RANGE
PRESSURE
AT TANK 6 8 10 12 14 16 20 25 30 40 50 75
8 1.15 1.00 0.90 0.84 0.77 0.72 0.65 0.58 0.53 0.48 0.45 0.45
12 1.40 1.20 1.05 0.97 0.89 0.85 0.72 0.63 0.58 0.51 0.49 0.47
18 1.70 1.50 1.25 1.10 1.03 0.95 0.82 0.70 0.63 0.55 0.53 0.52
24 2.15 1.75 1.50 1.30 1.20 1.10 0.96 0.73 0.70 0.60 0.55 0.53
30 2.30 1.90 1.65 1.43 1.30 118 1.00 0.83 0.73 0.63 0.60 0.55
38 2.15 1.85 1.60 1.45 1.30 1.10 0.92 0.83 0.70 0.62 0.59
50 2.25 1.90 1.73 1.58 1.30 1.10 0.95 0.80 0.72 0.62
60 2.15 1.90 1.73 1.45 1.23 1.07 0.88 0.77 0.68
TABLE K
Stock Standard Tanks

STANDARD COMPRESSION TANK
CAPACITIES & TANK FITTING

TANK MODEL NUMBER TANK FITTING
AND VOLUME, gals MODEL NUMBER
15 ATF-12
24 ATF-12
30 ATF-12
40 ATF-12
60 ATF-16
80 ATF-20
100 ATFL
120 ATFL
135 ATFL
175 ATFL
220 ATFL
240 ATFL
305 ATFL
400 ATFL
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PRESSURIZED EXPANSION TANK SIZING WORKSHEET

SYSTEM VOLUME

Use actual if available. If not, Table C has average volumes for boilers, radiation and piping systems.

TANK SIZING

[TEM BTU RATING WATER CONTENT

Boiier or Chiller

Radiation ar Terminal Unit

Piping

SYSTEM
VOLUME

1. Average design water temperature, °F

© @ N 2 O~ N

Initial tank pressure, psi

Maximum pressure at the tank, psi

Tank required, standard conditions, (Table M)

gals

Acceptance volume required, (Table M)

gals

Correction factor for non standard pressures (Table N), use 1 if standard

Correction factor for Glycol {Table G), use 1 if water

Adjusted tank volume required (Multiply line 4 by lines 6 & 7)

gals

Adjusted acceptance required (Multiply line 5 by line 7)

gals

TANK SELECTED

MODEL TANK, gal ACCEPTANCE, gal

NOTE: Model selected must have tank volume and acceptance volume greater than those required in

steps 8 and 9.

FIGURE 48
Pressurized Expansion Tank Sizing Worksheet
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TABLE L
Acceptance Factors (A. = 1 — P/Prasy) Based on atmospheric pressure of 14.7 psi
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TABLE M
Pressurized Expansion Tank Sizing Chart
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TABLE N
Pressure Correction Factors

Use to size pressurized tanks at other than standard pressure conditions

ALLOWABLE SYSTEM PRESSURE INCREASE (Pras cieniis = Pisal), PSI

Ploiias

6 8 10 12 14 16 18 20 25 30 40 50 75

4 1.66 1.34 1.16 1.03 0.94 0.87 0.82 0.78 0.70 0.65 0.59 0.55 0.50
8 1.93 1.85 1.32 1.16 1.06 0.97 0.91 0.86 0.77 0.71 0.63 0.59 0.52
12 2.19 1.75 1.48 1.30 117 1.07 1.00 D.94 0.83 0.76 0.67 0.62 0.55
18 2.60 2.05 1.72 1.50 1.34 1.28 1.13 1.06 0.93 0.84 0.73 0.67 0.58
24 8.00 2.35 1.96 1.70 1.62 1.38 1.27 1.18 1.03 0.92 0.79 0.71 0.61
30 3.40 2.65 2.20 1.90 1.69 1.53 1.40 1.30 1.12 1.00 0.85 0.76 0.64
38 3.90 3.06 2.52 217 1.92 1.73 1.58 1.46 1.25 1.1 0.93 0.83 0.69
50 4.70 3.66 3.01 2.57 2.26 2.03 1.85 1.7 1.44 1.27 1.05 0.92 0.75
60 5.40 416 3.41 2.91 2.55 2.28 2.07 1.91 1.61 1.41 1.15 1.00 0.80
70 6.09 4.67 3.81 3.25 2.84 2.53 2.30 2.1 1.77 1.54 1.26 1.08 0.86

Use to cofrect the pressurized compression tank selected from Tabla M.
Corract only the tank volume, the acceplance volume is not affectad.

TABLE O
Stock Pressurized Tanks
PRESSURIZED EXPANSION TANK CAPACITIES
SERIES D TANK ACCEPTANCE SERIES B TANK AND
MODEL VOLUME VOLUME MODEL ACCEPTANCE
NUMBER gal gal NUMBER VOLUME, gal
15 7.8 2.5 200 53
20 10.9 2.5 300 79
40 21.7 5 400 105
60 33.6 11.5 500 132
80 44.4 22.6 600 158
100 55.7 22,6 800 211
120 68 34 1000 264
144 77 34 1200 317
180 90 34 1400 370
200 110 34 1600 422
240 132 46 2000 528
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