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Room to grow (Part 2)
Sizing the air space in a pressurized drainback system.

Closing the lid
In pme’s November Renewable Heating
Design column, we discussed how to size the
air space at the top of an unpressurized thermal

> Figure 1.

storage tank used in a solar-thermal system.
This month we will switch the discussion to a
closed pressurized thermal-storage tank. The
piping concept is shown in Figure 2 (on page 9).
The air space at the top of the tank must
accommodate the water that drains back from
the collector array and associated piping. It
also must accommodate the increased volume
of heated water within the system without
raising system pressure to the point where the
pressure-relief valve opens.
This column describes how to determine
the minimum air space volume for a vertically
oriented cylindrical tank. For simplicity, the top
of that tank is assumed to be flat.
To determine the required space at the top
of the tank, one must establish a criteria for the
changes in temperature, pressure and volume
of the captive air that will occur between two
limiting conditions.

One of those limiting conditions is when the
system is filled with cold water and the collector circulator is off. Under this condition, all
water in the system (e.g., that which will eventually be in the collectors as well as that in the
tank and the distribution system) is at some
initial cool temperature such as 60º F. The air at
the top of the tank also is assumed to be at the
same temperature. The pressure of the air at
the top of the tank and in the empty collector
array and piping is assumed to be as some initial pressure. It could be atmospheric pressure
or a slightly higher pressure. Slight positive
pressure is preferred because it helps prevent
vapor flashing in the return piping when the
water is at higher temperature.
The other limiting condition is when all the
water and air in the system is at some maximum allowable temperature (180º for example).
Under this condition the air at the top of the

Note: The views expressed here are strictly those of the author and do not necessarily represent pme or BNP Media.
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n most areas of the U.S. and Canada, solarthermal systems require a means of freeze
protection.
Options include closed-loop collector subsystems operating with glycol-based antifreezes,
and so-called “drainback” systems that allow
the water in the collectors and exposed piping to drain back into a portion of the system
within heated space. Drainback systems can be
designed around unpressurized “open” thermalstorage tanks, as well as closed tanks that operate at slight positive pressure.
Over the years I’ve come to favor pressurized
drainback systems. When properly installed,
with drainable collectors and properly sloped
piping, these systems don’t require one drop of
antifreeze. This does away with issues such as
thermal breakdown of glycol solutions and need
for heat-dump subsystems. Drainback systems
also eliminate the need for a heat exchanger
between the collector array and the remainder
of a space-heating distribution system. This
allows the collector array to operate at lower
temperatures and higher thermal efficiencies.
Pressurized drainback systems are closed to the
atmosphere and not subject to corrosion issues
associated with oxygen absorption from the
atmosphere. Because they have captive air volumes, these systems also eliminate the need for
a separate expansion tank.
As a side note, I’ve had a closed drainback
solar-thermal system providing space heating
and domestic water preheating for my home for
the last 37 years. The original collectors were
replaced at 30 years. The current collector array
is shown in Figure 1.
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> Figure 2.

One of those limiting conditions is when the system is ﬁlled with cold water, and the
collector circulator is off. Under this condition, all water in the system (e.g. that which
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Formula 2 states the absolute pressure of a quantity of air multiplied
Formula 2 states that the absolute pressure of a quantity of air multiplied
by its volume and divided by its absolute temperature remains a constant.
!
and divided by its absolute temperature remains a constant.
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Formula 1c:

Dc = density of “cold” water when system is ﬁlled and pressurized (lb/ft3)

Dh = density of water in system at maximum temperature (lb/ft3)
pi = initial air pressure in tank when water is cool (psi gauge)
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sufﬁcient to keep the pressure from exceeding the pressure relief valve ratin
water and air in the system are at a temperature of 180 ºF.
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The actual volume of the expansion space within the tank can be determined
Formula 3:

> Figure 3.
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be reduced by 5 psi to ensure the valve will not start to operate as it
approaches (but doesn’t reach) its rated operating pressure.
Another conservative assumption built into this procedure is the tank
!
!
has a flat top and bottom. This is the exception rather than the rule for
The values of R and S, along with the other given data now can be pressure-rated tanks. The more typical semi-elliptical heads used on most
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used in Formula
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shown in Figure 4 (on page 11).
Anything that increases the air volume relative to water volume will
!
reduce the pressure fluctuation as the system heats up and cools down.
!
It’s also important to consider the placement of the tank inlet connecInterpretation:
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Interpretation
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needed at the top of the storage tank. That air volume, in combination with This helps reduce splashing noise as water enters the tank. The air return
air volume in the collectors and collector piping (above the static water level), is
the air volume in the collectors and collector piping (above the static water tube at the top of the tank ensures air will enter the piping returning from
level), is sufficient to keep the pressure from exceeding the pressure-relief the collector array when the collector circulator turns off.
valve rating when all water and air in the system is at a temperature of 180º.
Formula 3 can be rearranged and used to calculate the drop in water
The actual volume of the expansion space within the tank can be level (∆H) within the cylindrical tank when the collector circulator is
determined using Formula 3:
operating.
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The air return tube at the top of the tank ensures that air will enter the

returning from the collector array when the collector circulator turns off.

enters
the3tank.
The
air return and
at thetotop
of the tank
ensures
that level
air will(∆H)
enter
the
Formula
can be
rearranged
used
the drop
in water
within
water tube
level
w/ calculate

returningtank
fromwhen
thecirculator
collector
array
when theiscollector
circulator turns off.
the
the collector
circulator
operating.
inlet pipe shouldpiping
becylindrical
on
nominal 2" below water
924 ( v )
Formula
be rearranged and used toc calculate the drop in water level (∆H) within
Formula
(rearranged):
level when circulator
is on33can
∆H =

π d2

the cylindrical tank when the collector circulator is operating.
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Where:
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! ∆H = change in water level within tank when collector is on versus off (inches)
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In the previous example, where the collector array and associated “drainable” piping had a total
on would be:
volume of 10 gal., the drop in water level when the collector circulator is on would be:

In the previous example, where the collector array and associated “drainable” piping
had a total volume of 10 gallons, the drop in water level when the collector circulator is
on would be:
!

Beyond minimums

Beyond minimums: The formulas above rely on the ideal gas law, as well assumptions

The formulas above rely on
theasideal
gas that
law,allasairwell
as assumptions
that all at the
inferring
and water
in the systemsuch
haveas
theinferring
same temperature
! such
air and water in the system same
has the
same
at the
same time.
alsoofassume
time.
They temperature
also assume that
the absolute
vaporThey
pressure
the waterthe
in the tank
absolute vapor pressure of the
water
inlowthe
tank
low
togas
the
absolute
aireffect of
Beyond
minimums:
The is
formulas
above
rely
on the ideal
law,
as well assumptions
is relatively
compared
torelatively
the absolute
aircompared
pressure,
and
do
not
include
the
pressure and does not include
the
effect
of that
partial
Conservative
design
practice
would
such
aspressures.
inferring
all airpressures.
and water
in
the
system
have
thethe
same
temperature
partial
Conservative
design
practice
would
use
results
of these at the
use the results of these calculations
asThey
guidelines
to which
safety
factors
in
the form
ofwater
greater
same
time.
also
assume
that
the
absolute
vapor
pressure
of
the
in the
calculations as guidelines to which safety factors, in the form of greater internal
airtank
internal air volume and reduced pressure relief-valve ratings can be applied.
isvolume,
relatively
low
compared
to therelief
absolute
pressure,
do not include the effect of
and
reduced
pressure
valveairratings
can and
be applied.

99

$

+ free
shipping

TWO WAYS TO ORDER
1 // ONLINE at www.pmmag.com/products
2 // CALL Katie at 248/244.1275

partial pressures. Conservative design practice would use the results of these
calculations as guidelines to which safety factors, in the form of greater internal air
volume, and reduced pressure relief valve ratings can be applied.
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