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1. Why balance?

(More about in appendix F)

Many property managers spend fortunes dealing with complaints about the indoor climate. This
may be the case even in new buildings using the most recent control technology. These problems
are widespread:

Some rooms never reach the desired temperatures, particularly after load
changes.

Room temperatures keep swinging, particularly at low and medium loads even though the
terminals have sophisticated controllers.

Although the rated capacity of the production units may be sufficient, design capacity can’t
be transmitted, particularly during start-up after weekend or night set back.

These problems frequently occur because incorrect flows keep controllers from doing their
job. Controllers can control efficiently only if design flows prevail in the plant when operating
under design conditions. The only way to get design flows is to balance the plant. Balancing
means adjusting the flow by means of balancing valves. This has to be done in five respects:

The production units must be balanced to obtain design flow in each boiler or chiller.
Furthermore in most cases, the flow in each unit has to be kept constant. Fluctuations
reduce the production efficiency, shorten the life of the production units and make effective
control difficult.

The distribution system must be balanced to make sure all terminals can receive at least
design flow, regardless of the total load on the plant.

The control loops must be balanced to bring about the proper working conditions for

the control valves and to make primary and secondary flows compatible. Balancing with
manual balancing valves gives the possibility to detect most of the hydronic abnormalities
and to determine the pump oversizing.

The pump head can be adjusted at the correct value, optimising the pumping cost.

When the plant is balanced a central controller or optimiser can be used as all rooms react
the same way. Moreover, when the average room temperature deviates from the design
value, due to absence of balancing, a costly uncomfort may be the result as explained
hereafter.
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Fig 1.1: Percentage increase in energy costs for every degree too high or too low,
relative to design comfort room temperature.

Why is the average temperature higher in a plant that is not balanced? During cold weather it would
be too hot close to the boiler and too cold on the top floors. People would increase the supply
temperature in the building. People on the top floors would stop complaining and people close to
the boiler would open the windows. During hot weather the same applies. Itis just that it would be
too cold close to the chiller, and too hot on the top floors.

One degree more or less in a single room rarely makes any difference to human comfort or to
energy costs. But when the average temperature in the building is wrong, it becomes costly. One
degree above 20 °C increases heating costs by at least 8 percent in mid Europe (12% in the south
of Europe). One degree below 23 °C increases cooling costs by 15 percent in Europe (Fig 1.1).

A HVAC system is designed for a specific maximum load. If the plant cannot deliver full capacity in
all circuits because it is not balanced for design condition, the investments for the entire plant are
not realised. Control valves are fully open when maximum capacity is required and thus cannot
manage this situation. Furthermore, control valves are generally oversized and they cannot contribute
to balancing. Hydronic balancing is thus essential and represents typically less than two percent
of the total HVAC system.

Each morning, after a night set back, full capacity is required to recover the comfort as soon as
possible. A well-balanced plant does this quickly. If a plant starts up 30 minutes quicker, this saves
6 percent of the energy consumption per day. This is often more than all distribution pumping costs.

But an important consideration is to compensate for pump oversizing. Balancing valves adjusted
with the TA-Wireless or the TA-Diagnostic methods reveal the degree of pump oversizing. All the
overpressure is shown on the balancing valve closest to the pump. Corrective action (e.g. reduce
the pump speed or trim the impeller) can then be taken.

Hydronic balancing requires the correct tools, up to date procedures and efficient measuring units.
A manual balancing valve is the most reliable and simple product to obtain the correct flows in
design conditions. It also allows the flows to be measured for diagnostic.
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2. Preparations

Balancing of the water flows shall be carried out prior to the fine-tuning of
control equipment.
Prepare the balancing carefully. This gives a better final result at less time input.

Acquire drawings and study them for a sound understanding of the principles of the plant’s function.
Make an on-site inspection to avoid losing time over practical problems such as searching for a
key to a locked room or trying to find a non-existent balancing valve.

For detailed instructions, see Appendix E.

2.1 Plan the balancing at your desk

Study the plant drawing carefully

Make an initial study of the plant drawings in order to understand design and operation principles.
Identify control loops, distribution system and balancing valves. Divide the plant in modules as
explained in section 2.2.

In a four-pipe distribution system, you should prepare separate drawings for the heating circuit and
the cooling circuit. Sometimes it may be a good idea to draw up a circuit scheme of principle with
all details eliminated that do not concern the balancing work.

Select a suitable balancing method

When you adjust the flow with a balancing valve, the pressure loss changes in the valve and pipe
line. Then the differential pressure across other balancing valves also changes. Hence, each flow
adjustment disturbs the flow in already adjusted valves. In other words, the circuits are interactive.
The main difference between different balancing methods is how they compensate for interaction
between circuits. Some methods do not compensate at all. This means the balancer will have to
set the same balancing valve several times until the flow finally converges towards the desired
flow. Other methods compensate directly or indirectly. Three such methods are the Proportional
Method, the TA-Wireless and the TA-Diagnostic methods, which are described in this handbook.

The TA-Wireless method is a further development of the Proportional Method, giving better results
with less time input. The TA-Diagnostic is the easiest method requiring only one setter and one
measuring unit to balance a complete installation.

However, none of these methods can be used to balance distribution systems designed according
to the reverse return principle. In that case, you must use an iterative method. That is: go through
the entire plant several times and adjust the flows "by ear” until they correspond reasonably well
with design flows, or calculate, manually or by computer, the correct pre-set values for the balancing

valves.
7



IMI

Hydronic Engineering

TA handbook No. 1 "Balancing of Control Loops” provides efficient step-by-step methods for the
balancing of 23 control loops for two-way and three-way control valves.

2.2 Divide the plant into modules

Theory and practice

In theory, it is sufficient with one balancing valve per terminal unit to create the correct repartition of
flows in the distribution system. But this requires that the pre-set value for all the balancing valves
are calculated, that these calculations are made correctly, and that the plant is realised according
to the drawings.

If you change one or several flows, all other flows are more or less affected, as previously mentioned.
It may require a long and tedious series of corrections to get back to the correct flows.

In practice, it is necessary to divide larger systems into modules and install balancing valves in
such a way that readjusting only one or a few balancing valves can compensate a flow adjustment
anywhere in the system.

The law of proportionality

The terminals in the figure 2.1 form a module. A disturbance external to the module causes a variation
in the differential pressure across A and B. Since the flow depends on the differential pressure, the
flows in all terminals change in the same proportion.

A

Partner valve

Fig 2.1: An external disturbance has the same effect on each terminal in the module.

The flow through these terminals can therefore be monitored through measurement of the flow in
just one of them, which can serve as a reference. A balancing valve common to all terminals can
compensate for the effect of the external disturbance on the terminal flows in the module. We call this
common valve the Partner valve.
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However, terminals are normally connected as in figure 2.2. The water flow through each terminal
depends on the differential pressure between A and L. Any modification of this pressure affects the
flow in each terminal in the same proportion.

sTtaD K J | H G

Fig 2.2: A branch with several terminals forms a balancing module. STAD is the Partner valve, which can
compensate for external disturbances on the circuits already balanced.

But what happens if we create a disturbance that is internal to the module, for instance by closing
the balancing valve of terminal 37

This will strongly influence the flows in pipes lines CD and IJ, and thus the pressure loss in these
pipe lines. The differential pressure between E and H will change noticeably, which will affect the
flows in terminals 4 and 5 in the same proportion.

The fact that terminal 3 is closed has little effect on the total flow in the pipe lines AB and KL. The
pressure losses in these pipe lines change very little. The differential pressure between B and Kis
changed only somewhat and terminal 1 will not react to the disturbance in the same proportion as
terminals 4 and 5. Thus, the law of proportional flow change does not apply for internal disturbances
(as shown in figure 2.3).

kPa
38 36 34 32 30 o 386 37.2 36.17 33.76 31.35
H H H H "
04 kPa
5 7 9 1M 13 ——— 37 5 608 849 109

®

Fig 2.3: At an internal disturbance, the flows do not change in proportion to each other.
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However, the water flows change in proportion in a module only if all the pressure drops depend
on the flow g according to the same relation everywhere in the module. This is not true in reality
because for the pipes the pressure drop depends on g'#7, while it depends on g? in valves. For low
flows, the circulation can become laminar and the pressure drop becomes linearly proportional to
the flow. The law of proportionality can be used only to detect deviations around design values.
This is one of the reasons why the most accurate balancing method is the TA-Wireless described
in chapter 5 as the design flows are maintained during the balancing process of each module.

A module can be a part of a larger module

When the terminals on a branch are balanced against themselves, you may see the branch as a
"black box”, i.e. a module. Its components react proportionally to flow adjustment external to the
module. The Partner valve can easily compensate such disturbances.

In the next step, the branch modules are balanced against each other with the riser balancing valve
as the Partner valve. After this, all modules on the riser form a larger module, whose flow can be
adjusted with the riser’s balancing valve. Finally, the risers are balanced against each other with
each riser as a module and the balancing valve on the main pipe line as the Partner valve.

;
o) Lo

0—*— <

f i

Fig 2.4: Each branch on ariser forms a new module.

10
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What is optimum balancing?

Figure 2.5 shows two modules. The numbers indicate the design pressure loss in each terminal
and the pressure loss in each balancing valve. Both modules are balanced. In both cases the
differential pressure on each terminal is the required one to obtain design flow. The pressure losses
are differently distributed between the balancing valves of the terminals and the Partner valve.

Which balancing is the better of the two?

Optimum balancing means two things: (1) that the authority of the control valves is maximised for
exact control, and that (2) pump oversizing is revealed so that pump head and thereby pumping
costs can be minimised. Optimum balancing is obtained when the smallest possible pressure loss
is taken in the balancing valves of the terminals (at least 3 kPa to allow precise flow measurement).
Any remaining excess pressure is taken in the Partner valve.

Balancing to obtain pressure losses as in (b) in the figure is thus the best, since the pressure loss is
then the lowest admissible in all balancing valves on the terminals to obtain the design flows. Note
that optimum balancing is only possible when the required Partner valves are installed.

10 1" 7 5 10 1 7 5

60 5

STAD (45) (3)

O) ®

Fig 2.5: A set of terminals can be balanced in many ways, but only one is the optimum.

The Partner valve reveals the excess of differential pressure. The pump speed for instance can be
decreased correspondingly and the partner valve reopened. In example "b”, the pressure drop in
the Partner valve and the pump head can be reduced both by 15 kPa, decreasing the pumping
costs by 25%.

Where balancing valves are needed

The conclusion is that balancing valves should be installed to split the system in modules that can
be balanced independently of the rest of the plant. Thus, each terminal, each branch, each riser,
each main and each production unit should be equipped with a balancing valve.

It is then simple to compensate for changes relative to the drawings, for any construction errors,
and for oversizing. This saves time and allows optimum balancing. Furthermore, the plant can be
balanced and commissioned in stages, without having to rebalance when the plant is completed.

The balancing valves are also used for troubleshooting and shut-off during service and maintenance.

11
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Accuracy to be obtained on flows

We have considered the advantages of hydronic balancing. Before studying balancing procedures,
the precision with which flows have to be adjusted has to be defined.

In practice, the flow adjustment precision to be achieved depends on the precision to be obtained
on the room temperature. This precision depends also on other factors such as the control of the
supply water temperature and the ratio between the required and installed coil capacity. Some
specifications stipulate a required water flow accuracy of between +0 and +5%. There is no technical
justification for this severity. This requirement is even more surprising that little care appears to
be taken about the actual temperature of the supply water to remote units. Particularly, in the
case of variable flow distributions, the supply water temperature is certainly not the same at the
beginning and at the end of the circuit, and the influence of this water temperature is not negligible.
Furthermore, water flows are frequently calculated based on required capacity and they are rarely
corrected as a function of the really installed capacity. Oversizing of the terminal unit by 25% should
normally be compensated by a water flow reduction in the order of 40%. If this is not done, there
is no point in adjusting the water flow to within 5% of accuracy while the required water flow is
defined with an initial error of 40%.

An underflow cannot be compensated by the control loop, and has a direct effect on the environment
under maximum load conditions; it must therefore be limited. An overflow has no direct consequence
on the environment since in theory, the control loop can compensate for it. We may be tempted to
accept overflows, especially when they have little effect on the room temperature. This would neglect
the pernicious effect of overflows. When the control valves are fully open, for example when starting
up the plant, the overflows produce underflows elsewhere and it is impossible to obtain the required
water temperature at high loads, due to incompatibility between production and distribution flows.
Overflows must therefore also be limited. This is why it is logical to penalise underflows and overflows
with the same factor and to adopt a general precision rule in the form +x%.

Fortunately, when the flow is situated close to the design value, it has no dramatic effect on the
room temperature. By accepting a deviation of + 0.5°C on the room temperature at full load due to
water flow inaccuracy, the value of x, with a certain safety factor, is in the order of:

‘e +100 (t, - t) with

(tsc - J[rc)(tic - teo - aic)

Design supply water temperature.
Design room temperature.
Design return water temperature.
Design outdoor temperature.
a._: Effect of internal heat on the room temperature.

Examples:

Heating- t,, = 80°C; t , = 60°C; t, = 20°C; t,, = -10°C; a, = 2°C; x = £10%.

Cooling- t,, = 6°C;t_=12°C; t, = 22°C; t, = 35°C; a,, = 5°C; x = +15%.

IC

12
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3. The Proportional Method

Variations in the differential pressure across a circuit change the flow in the circuit terminals
in the same proportion. This fundamental principle is the basis for the Proportional Method.

The Proportional Method is shortly described hereafter as the TA-Wireless.

TA-Wireless method "chapter 4’ or the TA-Diagnostic method ‘chapter 5’ progressively replace it.
For more information, please see the TA Handbook "Total Hydronic Balancing” second edition
1997- section 5.4.

We will just examine step by step the balancing of one branch of one riser.

STAD-1.2.1
STAD-1.2.2
STAD-1.2.3
STAD-1.2.4
STAD-1.2.5

STAD-1.2.0

Fig 3.1: Balancing of terminals on a branch.

1. Measure the flow in all terminals on the selected branch, with the branch
balancing valve (STAD-1.2.0) fully open.

2. For each one of the terminals, calculate the flow ratio A: measured flow/design
flow. Identify the terminal with the lowest flow ratio Amin. Call it "index unit”.
If the terminals have the same pressure loss for design flow, terminal 5 normally
has the lowest flow ratio since it receives the smallest differential pressure. If the terminals
do not have the same pressure loss, any of them may have the
lowest flow ratio.

3. Use the balancing valve of the last terminal on the branch as the Reference
valve (STAD.1.2.5 in the figure 3.1).

4. Adjust the Reference valve STAD-1.2.5 so that A5=Amin. Lock STAD-1.2.5 to
this setting (screw the inner spindle to stop). Connect a TA-SCOPE for continuous flow
measurement.

13



IMI

Hydronic Engineering

5. Set STAD-1.2.4 so that A4=A5. This will change the flow ratio A5 somewhat. If
the setting of STAD-1.2.4 changes the flow in the Reference valve by more than 5%, then
STAD-1.2.4 must be readjusted so that A4 becomes equal to the new value of A5. Lock
STAD-1.2.4 to this setting.

6. Adjust the flow in all terminals on the branch. Work your way against the pump
according to step 5 above. When STAD-1.2.2 is adjusted, the flow ratio A5
changes, but A3 and A4 remain equal to A5. Terminal 3, 4 and 5 therefore remain
balanced relative to each other. This is the reason why the last terminal is used as the
reference. When all terminals are balanced relatively to each other, it is possible to adjust
the Partner valve STAD-1.2.0 so that A5=1. All the other flow ratios A4, A3, A2 and A1 would
then become equal to 1. However, do not carry out this operation since it will be done
automatically as you perform the very last balancing operation for the plant.

7. Repeat the same procedure for all branches of the same riser.

Note: Instead of controlling the flow ratio to the Reference valve (circuit 5), it can be done on the
last balancing valve adjusted. For instance, after setting the balancing valve of circuit 2, the new
flow ratio for all balancing valves of circuits 3-4 and 5 is the same and can be measured on the
balancing valve of circuit 3 instead of going to the reference (circuit 5). This can save time for the
balancer who has to use two TA-SCOPE (TA-SCOPE-a and TA-SCOPE-b).

When the circuit 3 is set, the TA-SCOPE-a remains on it. The balancer goes to circuit 2 and adjusts
it, with TA-SCOPE-b, for the correct flow ratio. He goes back to circuit 3, he measures the new flow
ratio, and removes the TA-SCOPE-a. He readjusts now the flow of circuit 2 and, without removing
the TA-SCOPE-b put on this circuit, he goes to circuit 1 with TA-SCOPE-a and so on...

Remember that proportional balancing is only valid when the flow ratios remain close to one (see
remark at the end of section 2.2), this condition is fulfilled only with the TA-Wireless method.

14
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4. The TA-Wireless method

The TA-Wireless method is a further development of the Proportional Method, it make use
of wireless technology and simultaneous measurement with two Dp sensors for balancing
a hydronic network. It minimizes the number of access to each balancing valve. Required
equipment is TA-SCOPE handheld and two Dp sensors.
The TA-Wireless method provides three main advantages:

Staged commissioning: You can balance the plant in stages as construction goes on,
without having to rebalance the entire building when it is completed.

Quicker commissioning: It reduces time consumption significantly since it is not necessary
to measure the flows in all balancing valves and calculate all flow ratios. It also requires just
one flow adjustment at each balancing valve.

Pumping costs may be minimised: When balancing is finished, you can read off the
pump oversizing directly on the main balancing valve. The pump head may be reduced
correspondingly. Frequently, large energy savings can be made, particularly in cooling plants.

4.1 A development of the Proportional Method

The TA-Wireless method is based on the Proportional Method, but is further developed in one
essential aspect: Using the TA-Wireless method, the flow ratios are automatically kept equal
between already balanced circuits throughout the balancing process of a module (see remark at
the end of section 2.2).

a) Staged commissioning

e The plant may be divided in modules. This means that the plant can be commissioned in
stages, as construction goes on, and no rebalancing of the entire building is required after
completion.

b) Quicker commissioning
e No first scan to measure the flows in all branches and risers. No calculation of flow ratios to
determine the starting point of balancing.

e Balancing can start at any riser (although you should close the risers you are not balancing).

e No worrying about causing a too high flow for the main pump. No worrying about the
differential pressure being too small to produce measurable flows.

e Only one flow adjustment at each balancing valve is required.

15



IMI

Hydronic Engineering

c) Pumping costs may be minimised

e The TA-Wireless method automatically minimises pressure losses in the balancing valves.
The main balancing valve reveals any oversizing of the main pump. The pump may often be
exchanged for a smaller one.

e The set point of a variable speed pump can be optimised.

4.2 Reference valve and Partner valve

When the flow is adjusted by a balancing valve, pressure losses change in the valve and pipe line,
thereby changing the differential pressure across other balancing valves. Flow adjustment in one
balancing valve thus changes the flow in valves that have already been adjusted. This often makes
it necessary to adjust the same balancing valve several times over.

* The TA-Wireless method eliminates this difficulty. The flow in each balancing valve is only
adjusted once. The method in TA-SCOPE facilitate the use of two Dp sensors simultaneous.
One sensor will continuously observe changes in the last circuit when the other sensor is
used for balancing an upstream circuit.

* Measured flow is monitored side by side in the TA-SCOPE handheld. It allows to equalize
flow in the current balancing valve to the same relative flow which occurs in the last valve in
the module. This last valve is called reference valve.

e Now those two valves are in proportional balance. By keeping one Dp sensor on the
reference valve all-out trough the balancing of this module, it’s possible move upstream with
the other sensor to proportional balance all valves in a module one by one.

e Abalancing valve acting on the total branch flow, called the Partner valve can adjust the total
module flow. When all circuits in a module are balanced to equal relative flow, the Partner
valve will be adjusted until the flow in the last and first circuit are at 100%.

The method begins by adjusting the Reference valve, to a setting representing a minimum pressure
drop at design flow. The Reference valve is then locked to this setting.

Cc D E

}ZpR Reference

valve
Partner valve

J I H

Fig 4.1: The Reference valve is always located in the module and on the terminal furthest away from the

pump. The Partner valve determines the total flow in the branch.

16
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The relative flow is monitored continuously in the Reference on terminal 5 with Dp sensor nr. 2. We
may now proceed to adjust the flow in terminal 4 with Dp sensor nr. 1.

When the flow in terminal 4 is being adjusted. Flow changes slightly in the Reference valve, whose
setting is locked. This is an indication of the disturbance from the flow adjustment in terminal 4.

Since the relative flows in terminal 4 and 5 are now at same level they are proportional balanced
and will stay balanced.

Next step is to adjust the flow in in terminal 3 to be equalized with the flow on terminal 5. It will bring
terminal 3, 4 and 5 in proportional balance. This procedure is to be continued until all terminals in
current branch are balanced.

TA-Wireless procedure works well regardless of the number of terminals on a branch. Adjustments
must be carried out by working towards the pump, beginning at the Reference valve. The same
procedure is then applied for balancing of risers. The last branch on the riser furthest away from
the pump is used as the reference, and the riser’s balancing valve becomes Partner valve.

4.3 Setting the Reference valve

The balancing instrument TA-SCOPE will calculate a hand wheel setting based on the parameter
for minimum valve pressure drop. The TA-SCOPE balancing instrument indicates flow for differential
pressures down to 0,3 kPa. However, to decrease the relative influence of the pressure pulsation
in the plant on the flow measurement, we recommend ApR > 3 kPa.

When TA-Wireless is started the TA-SCOPE calculates the required setting for the reference valve
to obtain design flow at this valve pressure drop.

Initially we assume that the Reference valve is the index valve of this module. Should it not be the
case, the TA-Wireless detects which valve is the index. This valve will then be set for the selected
minimum pressure drop and Reference valve will be recalculated. This is described in section 4.8.

4.4 Equipment needed

One TA-SCOPE balancing instruments with two Dp sensors are needed to measure and balance
flows in the balancing valves.

17



IMI

Hydronic Engineering

4.5 Balancing terminals on a branch

Select any riser, for instance the one closest from the pump. This ensures a sufficient differential
pressure for the selected riser. Select any branch in the riser you have selected. Normally, you do
not have to shut any of the other branches of this riser. However, if some branches are provided
with a bypass line, which can create short circuits, the flow in these branches has to be limited or
these branches isolated.

1. Setup the TA-SCOPE to work with two Dp sensors in the setting. Connect the Dp sensor
no. 2 to the Reference valve. When starting the TA-Wireless method, the design flow will be
informed to the TA-SCOPE. Based on the desired for minimum Dp in a balancing valve, the
valve setting is calculated and monitored in the display of TA-SCOPE.

2. Adjust the Reference valve to this position and lock the valve (turn the inner spindle down to
stop).

3. Start flow measuring in the Reference valve. The flow is show in actual flow rate and in
relative flowrate in percentage. If the relative flow rate is rather high like above 150% you may
reduce the total flow in this module by closing the Partner valve until you get below 150%
flow in the Reference valve.

4. With Dp sensor no. 2 still on the reference valve, connect Dp sensor nr. 1 to the next
upstream circuit or terminal. Enter design flow for this valve into the TA-SCOPE and start
measuring flow on this valve. Compare the relative flow on this valve with the relative flow on
the Reference valve. Both information’s are displayed in the same screen of the TA-SCOPE.
If the relative flow is not equal, apply adjustment of this current valve. TA-SCOPE will now
guide you to adjust this valve so its flow will be equalized with the Reference valve flow.

5. When the relative flow rate in the Reference valve and current valve are equal, you move
Dp sensor no. 1 to the next upstream circuit or terminal. Dp sensor no. 2 must stay on the
Reference valve.

6. Repeat the procedure mentioned in step 4 on this valve. When relative flow in this valve is
equalized with the Reference. Those two and the previous valve are in proportional balance.
Continue this step by step until all balancing valves on current branch is balanced.

7. Now the Partner valve should be adjusted to obtain correct global flow in this branch. With
both Dp sensors still in place, adjust the total flow in the Partner valve until relative flow on
the Reference valve and the first valve are as close to 100% as possible.

18
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Partner valve

Fig 4.2: Balancing of terminals on a branch.

Note: When the Partner valve is adjusted and total flow in this branch is obtained. The measured
flow in the first and the Reference valve can be saved as a so called mini balancing report. If it’s
required with a total balancing report, move around with Dp sensor no. 1 to each circuit valve ad
to verify and save information from each valve.
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4.6 Balancing branches on a riser

10.

20

Reference STAD-1.9.0

DpS2

¢
1
1
1
1
1
1
I
I
1
1

¢

STAD-1.1.0
—e

Partner valve

Fig 4.3: Balancing branches on ariser.

Connect the Dp sensor no. 2 to the Reference valve STAD-1.9.0. When starting the TA-
Wireless method, the design flow will be informed to the TA-SCOPE. Based on the desired
for minimum Dp in a balancing valve, the valve setting is calculated and monitored in the
display of TA-SCOPE.

Adjust the Reference valve to this position and lock the valve (turn the inner spindle down to
stop).

Start flow measuring in the Reference valve. The flow is show in actual flow rate and in
relative flowrate in percentage. If the relative flow rate is rather high like above 150% you may
reduce the total flow in this module by closing the Partner valve until you get below 150%
flow in the Reference valve.
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With Dp sensor no. 2 still on the reference valve, connect Dp sensor no. 1 to the next
upstream branch valve-1.8.0. Enter design flow for this valve into the TA-SCOPE and start
measuring flow on this valve. Compare the relative flow on this valve with the relative flow on
the Reference valve. Both information’s are displayed in the same screen of the TA-SCOPE.
If the relative flow is not equal, apply adjustment of valve-1.8.0. TA-SCOPE will now guide
you to adjust this valve so its flow will be equalized with the Reference valve flow.

When the relative flow rate in the Reference valve and current valve are equal, you move
Dp sensor no. 1 to the next upstream branch. Dp sensor no. 2 must stay on the Reference
valve.

Repeat the procedure mentioned in step 10 on this valve. When relative flow in this valve is
equalized with the Reference. Those two and the previous valve are in proportional balance.
Continue this step by step until all balancing valves on current riser is balanced.

Now the Partner valve should be adjusted to obtain correct global flow in this riser. With
both Dp sensors still in place, adjust the total flow in the Partner valve until relative flow on
the Reference valve and the first valve are as close to 100% as possible.
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4.7 Balancing risers on a main pipe line

STAD-1.9.0 STAD-2.9.0 STAD-7.9.0

—— | P —

STAD-1.8.0

*k1—

STAD-2.8.0

*—k1—

STAD-7.8.0

*—k1—

STAD-1.1.0 STAD-2.1.0

Reference
valve STAD-7.0

< pps2

STAD-1.0

—lt

Partner valve

Fig 4.4: Balancing of risers.

The balancing procedure is exactly the same as for balancing of branches on ariser. The Reference
valve is now STAD-7.0 and the Partner valve is STAD-O.

When balancing of all risers, is completed, the entire plant is balanced for design flows and the
remaining pressure loss in STAD-0 reveals the pump oversizing. If the excess pressure is large, it
may be profitable to change the pump for a smaller one.

When using a variable speed pump, the STAD-0 is not strictly needed. The maximum speed is
adjusted to obtain the correct design flow in the Partner valve of one riser. All the other flows will be
automatically at design value. The TA-SCOPE can help finding the optimum speed in the variable
speed pump and give an estimate of the energy saving options.
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4.8 Setting the Reference valve and already balanced valves
when the Reference valve is not the Index valve in a module

If the terminals pressure losses differ substantially, a ApR of 3 kPa in the Reference valve may
not be sufficient to give the necessary differential pressure for the other terminals. This problem
is solved in the Proportional Method by using the same flow ratio for the Reference valve as the
flow ratio measured in the index circuit. But the Proportional Method often overestimates the ApR
and balancing is not optimised (unnecessarily high pressure loss in the balancing valves). A way to
achieve a suitable value for ApR is presented below.

The branch in figure 4.6 has terminals with different pressure losses.

20 kPa (40 kPa) 20 kPa 15 kPa 20 kPa

AT T

29 kPa 27 kPa 25 kPa 23 kPa

Fig 4.6: If 3 kPa is selected for the Reference valve, the differential pressure may be too low for the index
circuit, here terminal 2.

Select ApR based as recommended in section 4.3, normally 3 kPa. We call this preliminary
valueApRo. Proceed with balancing according to the TA-Wireless method.

When you reach the index circuit, TA-SCOPE will note that it is impossible to obtain design flow since
the differential pressure is only 29 kPa, while it would take more than 40 kPa to obtain design flow.

The TA-SCOPE indicate that new index circuit has been found. Then perform the following steps:

15. Leave Dp sensor 1 and 2 in place and readjust current valve and all valves down to and
including the Reference valve to new calculated settings.

16. Continue with the rest for upstream valves in this module.

17. Should it happen that TA-SCOPE will find that the index valve is placed on another upstream
valve. Then all downstream valve settings will be recalculated one more time.

Compared with fig 5.6, the result of this procedure is given in fig 4.7.

20 kPa (40 kPa) 20 kPa 15 kPa 20 kPa

*{25 kPa *{ 3 kPa *{21 kPa *{24 kPa *{17 kPa
1

45 kPa 43 kPa 41 kPa 39 kPa 37 kPa

Fig 4.7: Differential pressure across circuits and pressure losses in balancing valves and terminals.
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5. The TA-Diagnostic method

The TA-Diagnostic method is a computer program built into the TA-SCOPE balancing
instrument with the same main advantages of the TA-Wireless method plus the TA-SCOPE
analyses the pressure drops in circuits and distribution pipe:

These advantages are the following:

Staged commissioning: You can balance the plant in stages as construction goes on,
without having to rebalance the entire building when it is completed.

Quicker commissioning: It reduces time consumption significantly since it is not necessary
to measure the flows in all balancing valves and calculate all flow ratios. It also requires just
one flow adjustment at each balancing valve.

Pumping costs may be minimised: When balancing is finished, you can read off the
pump over-sizing directly on the main balancing valve. The pump pressure may be reduced
correspondingly. Frequently, large energy savings can be made, particularly in cooling
plants.

One man and one instrument: After having carried out pressure and flow measurements,
the program calculates the correct settings of the balancing valves in order to achieve the
desired flows.

The program assumes that the plant is divided into modules. Let us remember that a module is
created out of several circuits connected in direct return to the same supply and return pipes.
Each circuit has its own balancing valve and the module has a common balancing valve called
the Partner valve.

AH

Partner valve

Fig 5.1: A module is created of several circuits connected to the same supply
and return pipes.
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5.1 Preparing the procedure

During the measurements, the differential pressure "AH”, at the inlet of the module, should be
constant. The value of this "AH” is not important unless there is insufficient pressure to obtain
good measurements. For this reason, the risers or modules not yet balanced, which can create
big overflows, have to be isolated. To be sure that the pressure drops in the balancing valves will
be sufficient to obtain a correct measurement, set the balancing valves on 50% opening (STAD =
2 turns), or at the precalculated positions if any. The Partner Valve of the module to be balanced
must be fully open during the procedure.

The TA-Diagnostic method demands that the valves be numbered according to the figure 1. The first
valve after the Partner valve must be number one, with following valves being numbered successively
(See Fig 5.1). The Partner valve is not numbered.

5.2 The procedure

Measure one module at a time.
TA-SCOPE gives directions on the display of each step of the procedure.
For each valve in the module, in any order, the following procedure is applied:

Enter the reference number, type, size and current position (e.g. 1, STAD, DN 20, 2 turns).
Enter the desired flow.

A flow measurement is then automatically performed.

Shut the valve completely.

A differential pressure measurement is automatically performed.

Reopen the valve to its original position.

When all the balancing valves in the module have been measured, the TA-SCOPE requires the
measurement of the Ap across the Partner valve in the fully shut position.

N O~

When all these procedures have been carried out, the TA-SCOPE will monitor a table with analysed
pressure drop in each circuit and each section of the distribution piping. With this table it’s possible
to determine if and where unexpected high pressure drop at located. If any large pressure drops are
detected, toissue should be corrected and the measuring procedure in the above steps should be
repeated. When detected problems is solved and new measurements is collected the TA-SCOPE
calculates the correct hand wheel setting for the balancing valves within the module. Adjust the
balancing valves to these settings.

The TA-SCOPE has "discovered” the index circuit (the circuit requiring the highest differential
pressure) and has given the index balancing valve the minimum pressure drop that is necessary
to measure the flow correctly. This value is normally 3 kPa, but can be changed if you want. The
settings of other balancing valves are calculated automatically to obtain a relative balancing of
the elements in the module. These settings do no depend on the current differential pressure AH
applied on the module.

At this moment, the design flows are not yet achieved. This will happen when the Partner valve has

been adjusted to its correct flow. This operation is carried out later on in the procedure.
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5.8 Balancing the modules of a riser between
themselves

When all the modules in one riser have been balanced individually, these modules are balanced
between themselves. Each module is now looked upon as a circuit whose balancing valve is the
Partner valve in the module. The balancing procedure consists of calculating the setting of the
Partner valves of modules 1, 2 and 3 of the riser, using the TA-Diagnostic method.

———— |

| |

: I Module

l , 3
i |

t |

| |

l ! Module

l L2
i |

+ |

| |

l ' Module

| o
o |

Partner
? valve

Fig 5.2: The riser module is created of modules 1, 2 and 3 when these are
calculated and set.

This riser module should now be measured and calculated in the same way as described earlier.
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5.4 Balancing the risers between themselves

When all risers have been balanced individually, they constitute a module. The Partner valve of this
module is the main balancing valve associated with the pump.

Final module

®

Partner valve
of the whole plant

= Main balancing valve

Fig 5.3: All the risers constitute the final module

In this new module, the risers are balanced between themselves following the same procedure.

Finally, the total flow is adjusted with the main balancing valve. When this operation is completed,
all circuits in the plant will have the desired flows. To verify this, flow measurements can be done
on some balancing valves.

Printout via a PC provides a list of settings and verified data if these values have been stored in
the TA-SCOPE.

All the overpressure is located in the main balancing valve. If this overpressure is important, the
maximum pump speed can be reduced (variable speed pump), or with a constant speed pump,
the impeller may be changed to reduce the pump head to save pumping costs. In some cases,
the pump oversizing is so high that the pump is changed for a smaller size.

With a variable speed pump, the main balancing valve is not necessary. The maximum speed is
adjusted to obtain the design flow in the Partner valve of one of the risers. All the other flows will
be automatically at design value.
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Notes:

1.

28

During the measurements in one module, external disturbances (isolation of an other
riser ...) have to be avoided. They may create some errors in the mathematical model
elaborated by the TA-SCOPE and some deviations in the flows obtained with the settings
calculated.

When measuring the differential pressure across a balancing valve fully shut, remember
that the mechanical protection of the TA-SCOPE will intervene automatically when this
differential pressure is higher than 200 kPa.

TA-Diagnostic method is generally the fastest balancing method, as it requires only one
engineer using this very simple procedure. However, in comparison with the

TA-Wireless method, the engineer has to visit more times each balancing valve (to make the
measurements). Consequently, if the balancing valves are very difficult to reach, the
TA-Wireless method can be sometimes more economical.
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6. Some system examples

6.1 Variable flow system with balancing valves

Riser 1 Riser 2

o

| 1

. L
STAD-1.1 STAD-2.1
—@ @ o L g ¥ o
ismm STAD-2

STAD-0
Fig 6.1: General example of a hydronic distribution.
The system is divided in modules.
STAD-1.1 is the Partner valve of the first branch of the first riser.
STAD-1 is the Partner valve of the riser module and STAD-0 is the main Partner valve.

When the terminal units are radiators, the thermostatic valves are pre-set based on a pressure drop
of 10 kPa for design flow. Hydronic balancing is normally done before installing the thermostatic
heads.

To balance this typical system, we recommend the TA-Wireless (chapter 4) or the TA-Diagnostic
methods (chapter 5). The main balancing valve STAD-0 shows the pump-oversizing and suitable
adjustment of the pump is made accordingly. If the pump is a variable speed pump, STAD-0 is
not required; the speed of the pump is adjusted to obtain the design flow in the balancing valve of
one of the risers.
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6.2 System with STAP on each riser

STAD HX_"(JFX_STAP

oy — |

-

Fig 6.3: A controller STAP stabilises the differential pressure on eachriser.

For large systems, the pump head may be too high or variable for some terminals. In this case,
the differential pressure is stabilised at the bottom of each riser, at a suitable value, with a STAP
differential controller.

Each riser is a module that can be considered independent from the others for the balancing
procedure. Before starting the balancing of one riser, its STAP should be put out of function and
fully open to be sure of obtaining the required water flows during the balancing procedure. An easy
way to do it is to shut the drain on the STAD in the supply and to purge the top of the membrane
(Plug a TA-SCOPE needle in the top of the STAP).

When the terminals are radiators, the thermostatic valves are first pre-set at design flow for a
differential pressure of 10 kPa.

When each terminal has its own balancing valve, the terminals are balanced against themselves
on each branch before balancing the branches against themselves with the TA-Wireless or the
TA-Diagnostic methods.

When a riser is balanced, the set point of its STAP is adjusted to obtain the design flow that can
be measured with the STAD valve situated at the bottom of this riser. The risers are not balanced
between themselves.

Note:

Some designers provide a pressure relief valve (BPV) at the end of each riser to obtain a minimum
flow when all control valves are shut. Another method is to provide some terminal units with a three-
way valve instead of a two-way control valve. Obtaining this minimum flow has several advantages:
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1. The flow of water in the pump does not drop below a minimum value.

2. When the water flow is too low, the pipes heat losses create a higher AT in the pipes and
the circuits remaining in function cannot deliver their full capacity if required as their supply
water temperature is too low in heating or too high in cooling. A minimum flow in the circuit
reduces this effect.

3. Ifall the control valves shut, the differential control valve STAP will also shut.
All the return piping of this riser decreases in static pressure as the water is cooling down
in a closed area. The differential pressure across the control valves will be so high that the
control valve that reopens first will be extremely noisy. The minimum flow created avoids
such a problem.

The setting of the BPV is done according to the following procedure:

e The STAP being in normal operation, all the branches of the riser are isolated.

e The STAD is pre-set to obtain at least a pressure drop of 3 kPa for 25% of design flow.
e The BPVis set to obtain 25% of the riser design flow measurable at STAD.

e The STAD is then reopened fully and all branches are put again in normal operation.

6.3 System with STAP on each branch

2 00

-» - -—

e - g

Fig 6.4a: A controller STAP stabilises the differential pressure on each branch.
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The differential pressure being stabilised on each branch, the terminals are supplied with a
convenient differential pressure. Each branch is balanced independently of the others.

When the terminals are radiators, the thermostatic valves are first pre-set for a differential pressure
of 10 kPa at design flow.

When each terminal has its own balancing valve, they are balanced between themselves using the
TA-Wireless or the TA-Diagnostic methods.

When a branch is balanced, the set point of its STAP is adjusted to obtain the design flow that can
be measured with the STAD valve situated at the supply of the branch

Some designers provide a pressure relief valve (BPV) at the end of each branch to obtain a minimum
flow when all control valves are shut. This gives simultaneously a minimum flow for the pump when
all terminal control valves are shut. See the note in section 6.3 and also the example hereafter.

[t is not necessary to balance the branches between themselves and the risers between themselves.

Example:

Itis quite common to provide each apartment of a residential building with one STAP according to
figure 7.4b. An On-Off control valve is associated with a room thermostat to control the ambience.

——
1
S

AH ‘{Z:Z' AHo

STAP

Fig 6.4b: Wrong design with the control valve situated downstream the
measuring valve STAD.

When the control valve is situated as in the figure 6.4b, the differential pressure AHo corresponds
with the differential pressure obtained with the STAP minus the variable pressure drop in the control
valve V. So AHo is not really well stabilised.

A second problem is the following: When the control valve "V” shuts, the STAP is submitted to
the primary differential pressure AH and it also shuts. All the "secondary” circuit decreases in
static pressure as the water is cooling down in a closed area. The Ap across valve "V” and STAP
increases dramatically. When the control valve "V” starts to reopen, it can probably be very noisy
due to cavitation in the valve "V”.

The correct design for the system is shown in figure 6.4c.
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X2
—
Y

Y

AH 8 Y | AHo

STAP

Fig 6.4c: The control valve is situated upstream the measuring valve STAD.

In figure 6.4¢, when the control valve shuts, the differential pressure AHo drops to zero and the STAP
opens fully. The secondary circuit remains in contact with the distribution and its static pressure
remains unchanged, avoiding the problem discussed for figure 6.4b. Moreover, the differential
pressure AHo is much bettered stabilised.

As we can see, a small change in the design of the system can modify dramatically its working
conditions.

6.4 System with STAP on each two-way control valve

Terminal

STAD

Control
valve

A — 1 1.

—_——= —

STAP

Fig 6.5: The differential pressure is kept constant on each control valve with a STAP.

Each control valve is associated with a Ap controller STAP. From the control point of view, this is
the best solution. Furthermore automatic balancing is obtained.

For each terminal successively, the control valve is fully open and the set point of the STAP is chosen
to obtain the design flow. Each time the control valve is fully open, the design flow is obtained and
the control valve is never oversized. As the differential pressure across the control valve is constant,

its authority is close to one.
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The balancing procedure is limited to the above description. Terminals, branches and risers are
not to be balanced between them as this is obtained automatically.

What happens if only some control valves are combined with STAP and the others are not?

In this case, we are back to figure 6.1 with balancing valves installed on branches and risers. The
complete balancing is made with the STAPs fully open. This STAD is used as a normal balancing
valve during the balancing procedure. When the plant is balanced, the procedure for each STAP
successively is as follows:

e The STAD coupled with the STAP is reopened and pre-set to obtain at least 3 kPa for design
flow.

e The set point of the STAP is adjusted to obtain the design flow across its control valve fully
open, the flow being measured by means of the balancing valve STAD.

6.5 Constant flow distribution with secondary pumps

Y

-
*j -
Fig 6.6: Constant flow distribution in the primary side and variable flow in the
secondary circuits.

When there is just only one production unit, a constant flow distribution is the most suitable choice.
The head of the primary pump has just to cover the pressure drops in the production unit and the
primary distribution pipes. Each circuit is provided with a secondary pump.
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To avoid interactivity between the primary pump and the secondary pumps, each circuit is provided
with a bypass line.

Each circuit is balanced independently of the others.

The primary circuit is balanced separately as for system 6.1 with the following remark: to avoid a
short circuit with extreme overflows, it is recommended that all balancing valves on the primary
distribution are set to 50% opening before starting the balancing procedure.

6.6 Constant flow distribution with three-way valves

STAD-2

_® - -

% I STAD-1
-

Fig 6.7: The primary flow is maintained constant with a three-way valve in diverting function on each terminal.

The balancing of this system is the same as for figure 6.1. For each three-way valve, a balancing
valve STAD-1, in the constant flow, is essential for the balancing procedure. The balancing valve
STAD-2 in the bypass has normally to create the same pressure drop as for the coil. In this case,
the water flow will be the same when the three-way valve is fully open or fully shut. However, this
balancing valve STAD-2 is not necessary when the design pressure drop in the coil is lower than
25% of the design differential pressure available on the circuit.
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6.7 Domestic hot water distribution with balancing valves

In domestic hot water distribution, temperature of the water in the pipes drops significantly when
consumption is low or zero. As a result, people have to wait a long time to obtain hot water when
required. Moreover, below 55 °C, the bacteria (Legionella) proliferate dangerously.

To keep the water hot, a permanent circulation is maintained in pipes to compensate for heat losses.
A circulation pump is therefore installed guaranteeing a minimum flow g, in the loop (Fig 6.8a)

Fommnoes IHs STAD-1 5

Ll

a1y

Fig 6.8a: A circulation pump maintains the temperature of water distribution.
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Determination of circulation flows

If we accept the most unfavoured user is supplied at a temperature of AT below the water supply
temperature ts, we can calculate the minimum circulation flow q,.

0.86P_
4= —
AT

where:

P Heat losses in Watt of the supply pipes.

m

Pipes concerned: XL + Xd = [SA+AC+AE] + [d, +d +d +d].
AT: Admissible temperature drop (5K).

g, :Init/h.

For a AT of 40K between the water and the ambience, the heat losses are situated around 10W/
metre, independently of the pipe diameter. This is valid if the thickness of the insulation in mm
(A=0.036) equals 0.7 x external pipe diameter (without insulation).

Obviously the best procedure is normally to calculate flows according to the insulation installed. A
much better estimation can be done using the following empirical formula:

p_ AT @+ 5de ) with P in W/m, de external pipe diameter in

0.036 |
40 35+ ————  mm (without insulation)

A
| = thickness of the insulation in mm, A in W/m.K.

For AT = 40 and X = 0.036 (Foam glass), this formula becomes:

5de
P=@+ —— ) withde< 100 mm.
35+ |

If the distribution is well balanced, a wrong estimation of the total flow does not seem dramatic. If
the flow is reduced by 50%, and for a supply water temperature of 60°C, the most unfavoured user
will have 51°C instead of 55 °C. In this case however, the risk of proliferation of legionella increases.

Hereafter, in the examples, we will consider the following hypothesis:

ts =60 °C, tr = 55 °C and P = 10 W/metre. Consequently:

gy = —280X10 (51 4 5= 172 (5L + 30)

(60-55)
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The total flow being known, we have to calculate the flow in each branch. Starting from point S
(Fig 7.8a) where the temperature sensor is located, the water temperature at the inlet of branch A
can be calculated.

0.86 P
t,=tg———2—  with Pg, = heat losses section SA.

G

For the first branch, the pipes heat losses are ZAC = PAC+Pdb+Pdc. So we can calculate
successively the temperatures at the nodes and the required flows as shown hereafter.

0.86 Z, 0.86 Pyg 0.86 P,
U= —— |lg=th- — | Qb= —
t,- 55 Oag t5- 55
0.86 Py 0.86 P,
Osc = Yas~ Y% to=tg- ———| Q= ———
Jsc t,- 55

The flow g, = 0, - 0,5, SO We can calculate t and the second branch as above. This systematic
and simple procedure can be used even for complicated systems.

Knowing the flows, the plant can be balanced normally, using the TA-Wireless or the TA-Diagnostic
methods.

For a rough estimation of the pump head, the pressure losses in the supply pipes can be neglected.
Considering just the return pipes, we suggest H [kPa]= 10+0,15 (Lg+de) +3 kPa for each balancing
valve in series (3 in this example). If Lgc+de = 100 metres for example, H = 10+15+9 = 34 kPa. In this
formula we consider 10 kPa pressure drop for the exchanger, check valve and accessories and a
pressure drop in the return pipes of 0.15 kPa/m.

Considering just the branch AC in figure 6.8a, but with 4 distribution circuits, we can use the above
formulas to calculate the flows. These formulas can be translated in another form, more suitable for
a systematic calculation. This other form is explained based on an example hereafter.

ty ty ty ty
VAN NN
= = =
s]daiqa >{|dpiqp >{|dc {9c dg {9d
= = =
1% 1% ] % %
L1 L2 L3 L4
qi t a2 b az 3 ds4 t4

- -
ta '*

Fig 6.8b: One branch of the distribution with 4 circuits.
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Following lengths of pipe (in metres) have been adopted:

LiL|L|L
40

25 35

d,|d,|d

a

dy

1019 11|12

Pipe lengths in metres.

The temperature at the supply of the branch is tA and the expected return temperature is t.. For
instance t, = 59 °C (considering 1 °C loss between S and A in figure 6.8a) and t, = 55 °C.

ForaAT=t,-t = 4K, and heat losses per metre of pipe equals 10 W/m in average, the total flow g, is:
g, =0.86 x 10 (ZLi+Zdi)/t,- t)
so
a, = 2.15 (40+25+20+35+10+9+11+12) = 348 I/h.
andt, =(t,-8.6L/q,)

In order to obtain a more convenient formula, let us transform it in the following way:
t, = 8.6((t, - 1)/8.6 - L,/q,)+t,. We call (t, - 1)/8.6 =Aand D, = & - L /q,
Finally t; = 8.6 D,+ t,. In this example A = 0.465.

D,=A-L/q, 9,=d, /D, 9=9%-% t, =8.6 D+,
D,=D;-L,/q, %=9 /D, 9=%2% t,=8.6 D+,
D,-D,L/q, |q.=d,/D, 9.=0,-1, t,= 8.6 D4,
DD, L/, |azd,/D, t,= 86D,

Formulas used.

These formulas can be extended the same way for more circuits. We have used them to calculate
the flows. Calculations of the temperatures are not necessary but are given for information.

D,=0.465-40/348=0.351

q,=10/0.351= 29

0,=348-29=319

t,=8.6x0.351+55=58.0

D,=0.351-25/319=0.272

q,= 9/0.272=33

0,=319-33=286

,=8.6x0.272+55=57.3

D,=0.272-20/286=0.202

q,=11/0.202= 54

Q,=286-54=232

1,=8.6x0.202+55=56.7

D,=0.202-35/232=0.051

0,=12/0.051=232

q, is obviously = qd

t,=8.6x0.051+55=55.4

Numerical calculations.
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Let us point out that the last circuit requires 67% of the branch flow while the first circuit requires
only 8%. On the contrary, if the distribution is not balanced, the first circuit will receive more flow
than the last circuit.

A rough estimation of the required pump head is:

H=10+0.15 (40+25+20+35+12)+3x3=39 kPa.

6.8 Domestic hot water distribution with TA-Therm
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Fig 6.9: The return temperature of each branch is maintained automatically.

The return of each circuit is provided with a thermostatic valve (TA-Therm) that maintains the return
water temperature at an adjustable value. A thermometer may be incorporated in the TA-Therm to
measure the temperature obtained. The circulation flows are calculated (See figure 6.8b) to size
the return pipes and the pump. For the most remote circuits, the pump head is roughly estimated
as follows (for TA-Therm with a Kv=0.3):

Circuit g, : H =10 + 0.15 (SE+d,) + (0.01 ¢, /0.3 + 3
Circuit g, : H=10 + 015 (SC+d,) + (0.01 q_ /0.3 + 3

The highest value of H is adopted.
The Kv of 0.3 given above corresponds with a deviation of 2 °C, of the water temperature, relatively

to the set point of the TA-Therm.
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Appendix A

The Pre-setting method

The pre-setting method requires that the designer calculates the correct pre-set values for all
balancing valves and notes them on the drawing. The advantage of this method is that it is rather
simple for the installer to pre-set all balancing valves in conjunction with the installation.

The pressure losses at design flow are determined for each terminal and accessories (control valve,
pipeline, valves and bends). The pressure losses between the pump and the least favoured circuit
are summed up, giving the necessary pump head.

A pump with the nearest available standard pump head is than selected to meet the flow demand in
the least favoured circuit. The difference between the head of the selected pump and theoretically
necessary pump head is an excess pressure applied to the system. If it is significant, it should be
eliminated in some way. In variable-flow systems, control valves may be resized to take up as much
as possible of the excess pressure. The remaining difference can be compensated in balancing
valves.

Pre-set values and flows are noted on the plant drawings. This considerably simplifies the task
when balancing the plant.

Since the pre-setting method is applied on the drawing board, corrections will be necessary when
the plant is completed. Plants are rarely installed exactly according to the drawings. Changes affect
the flows. Real flows and changes relative to drawings must be noted in the final balancing report.
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Appendix B

Recalculation of flows when terminals are oversized

When capacity demands are known, the flows for different terminals are also defined, provided that
plant AT is selected. Use these formulas to calculate the flow:

0.86 P /M) or q= 0.86 P (/s)

AT 4186 AT,

[

q:

But the terminals do not necessarily work with the design supply temperature. Neither is it to be
taken for granted that terminals with the exact design output are installed in the plant. A terminal
with a smaller capacity is rarely selected, but rather with the nearest higher standard value relative
to the design requirements.

The capacity of a terminal is defined by the manufacturer under nominal conditions (subscript
"n”). Assume that a terminal is working under other conditions than the nominal conditions, for
instance at another supply temperature, and that it is oversized a little. If we know the current supply
temperature and the oversizing, we may recalculate the flow to see which flow is really required.
This required flow is normally given by the manufacturers.

Use this formula for radiators:

(tsn - tin) (trn - tin) .
t=t+ with

(t.-t) (P, /PJen

—
Il

return water temperature (t,, for nominal condition)
supply water temperature (t,, for nominal condition)
room temperature (t,, for nominal condition)

= Capacity in watt required for the radiator.

= Capacity in watt, in nominal condition, really installed

— —+
I

c

U T

n
If nin (2/n) is not given by radiator manufacturer, use n = 1.3.

Example:

A radiator shall give a design output of P, = 1000 Watt at a room temperature of t =22 °C.
The supply temperature is t; = 75 °C. The capacity of the installed radiator is P, = 1500 W,
defined for a supply temperature of t,, = 80 °C, a return temperature of t | = 60 °C and a room
temperature of t,, = 20 °C.

What should be the flow in the radiator?

If we insert the values above in the formula, the return temperature t = 46 °C. The real temperature
drop is then AT = 75-46, that is 29K, and the flow

g = 0.86x1000/29, that is 30 I/h.
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Appendix C

Sizing of balancing valves

A balancing valve that is bigger than necessary does not only cost more. It also has to be adjusted
close to its shut position, which may give poor flow accuracy.

The best operating range for a balancing range is between 50 and 100% of the maximum valve
opening. Therefore, select the balancing valve so that the required pressure loss is obtained within
this range, for the design flow.

At pressure losses below 3 kPa, the measurement accuracy is reduced because of disturbances before
the balancing valve from pump, control valves, bend, etc. The formulas below can be used to size the
balancing valve when the Ap to create is known.

0.01xq
K= — q(/n), Ap (kPa)
VAp
36 xQ
Kv = — q(/s), Ap (kPa)
VAP

Sizing of balancing valves when flow and Ap is known

When the balancing valve Ap is known before balancing, it has been obtained by calculation on
basis of drawings. There are always differences between the drawing and the reality.

The advantage by selecting a balancing valve at a setting position around 75% of its total opening,
enables correcting for incorrect data or calculations, while staying in the most accurate part of the
balancing valve opening.

+% 12
10

o N A OO

00 05 10 15 20 25 30 35 40 0 20 40 60 80 100
Setting Setting
[turns] [%]

Sizing of balancing valves when flow is known and Ap is unknown

When the balacing valve Ap is unknown before balancing, chose the biggest balancing valve that
create at least 3 kPa at fully open position.
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Example 1: Flow and Ap are known

A balancing valve has to create a pressure drop of 10 kPa for a flow of 1600 I/h, according to the
formula on page 43, Kv =5.0

According to calculated Kv value the balancing valve is selected at a setting position around 75%
of the total opening.

Use diagram to select valve size. In an DN 20 it is close to Kvs. A good choice is DN 25 with a

setting of 2.48 turns.
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Example 2: Only flow is known

A balancing valve must be chosen for a water flow of 23000 I/h.

Balancing of Distribution Systems > Appendix

The pressure drop required is not known. In that case take the first balancing valve that has at least

3 kPa at full opening

In below table we find the flow being situated between 20785 and 32909 I/h, a STAF 80 is selected.

Flow range

DN Kvs | q,,at3kPa Arnax Apatq,,

[I/h] [I/h] [kPa]
10 1,36 46 443 10,6
15 2,56 443 934 13,3
20 5,39 934 1483 7,6
25 8,56 1483 2460 8,3
32 14,2 2460 3343 5,5
40 19,3 3343 5595 8,4
50 32,3 5595 14722 20,8
65 85 14722 20785 6,0
80 120 20785 32909 7,5
100 190 32909 51962 7.5
125 300 51962 72746 59
150 420 72746 132502 10,0
200 765 132502 205248 7,2
250 1185 205248 251147 4,5
300 1450 251147 381051 6,9
350 | 2200 381051 481510 4,8
400 2780 481510 856854 9,5

Selection of a DN 80 gives the greatest grade of elasticity with 3.7 kPa in fully open valve and
62.8 kPa in 50% open valve.

Valve Ap at 25% opening | Ap at 50% opening | Ap at 100% opening
[kPa] [kPa] [kPa]

STAF 125 14 7 0.6

STAF 100 399 13.3 1.5

STAF 80 825 62.8 3.7

STAF 65-2 1249 42.4 7.3

STAD* 50 3300 412 52.8
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Appendix D

Installation of balancing valves

In order to ensure accurate flow measurement, it is normally sufficient with a straight pipe line of
five pipe diameters before the balancing valve, and two pipe diameters after the valve.

10d

@
I

Fig D1: Straight pipe line before and after a balancing valve.

If the balancing valve is installed after something that creates strong disturbances, as for instance
a pump or a control valve, we recommend a straight pipe line of minimum 10 pipe diameters
before the balancing valve. Do not install anything in this pipe line that can create disturbances
(like temperature sensors).

In supply or return?

Hydraulically, it makes no difference whether the balancing valve is located in the supply or in the
return pipe. The supply water flow is of course the same as the return water flow.

However, it is customary to place balancing valves in the return pipe, particularly when the balancing
valve contains a draining device located in such a way that the adjacent terminal can be drained.
It is always preferable to install it so that the flow tends to open the valve (figure below) since this
gives a more precise flow measurement and reduces the risk of noise.

In practice, balancing valve may be installed at the most accessible location, as long as disturbances
before the valve is avoided.

Fig D2: The flow tends to open the valve.
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Appendix E

Detailed instructions for the preparation work

It happens that balancers have to waste time searching for simple items like a key to get into aroom
where a balancing valve is located, or to find a "lost” balancing valve in a false ceiling, or to access
practically inaccessible pressure tapping points.

A preliminary on-site inspection may save a lot of unnecessary work time, particularly in large plants.
Such an inspection may involve the following:

Check the drawings so that all flows are clearly noted for all balancing valves. Check also that
the total flow corresponds to the partial flows. In a branch, for example, the sum of the
terminal flows must be the same as the total flow in the branch.

Check that the drawings show the plant as built. If necessary, correct principle circuit
schemes and flows.

Identify all balancing valves, and make sure they are accessible. Check their size and label
them.

Check that the piping is cleaned, that all filters are cleaned and that the piping is deaired.

Check that all non-return valves are installed in the correct direction and that they are not
blocked.

If the terminals are oversized, check whether the flows have been recalculated (see Appendix
B).

Pressure losses in pipes vary by 20% between 20 °C and 80 °C. It is therefore important that
balancing is carried out with the same temperature everywhere in the system.

Charge the batteries for the TA-SCOPE balancing instrument, and check that you have all
other tools available and in good shape.

Just before you start

Prepare report forms and the necessary equipment.
Check that the static pressure is sufficient.
Check that all shut-off valves are in the correct position.

In radiator systems with thermostatic valves, you should remove the thermostats so that the
valves open.

Check all pumps for proper rotation. In the case of variable speed pump, check that the
pump is running on full speed.
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General design recommendations

The design of a hydronic plant depends on its characteristics and working conditions. However,
for any variable flow distribution system with direct or reverse return, constant or variable speed
pump, modulating or on-off control, the following recommendations are relevant:

1. Balance the plant hydraulically in design conditions. This ensures that the installed capacity
can be delivered. There is no difference if modulating or on-off mode has been selected for
control of the terminal units, they must be fully open.

2. Use either the TA-Wireless or the TA-Diagnostic computer programs for balancing of the
plant. This avoids any scanning of the plant and significantly reduces labour costs. These
two methods reveal pump oversizing and make it possible to reduce pumping costs.

3. Select modulating two-way control valves carefully based on:

a) Correct characteristic (normally equal percentage).

b) Correct size: the control, when fully open and at design flow, must take at
least 50% of the available circuit differential pressure under design
conditions.

c) The control valve authority should not drop below 0.25.

4. Ifthe last condition 3¢ cannot be fulfilled for some circuits, a local differential pressure
controller is installed in these circuits to improve the control valve authority and decrease the
risk of noise.

5. When using a variable speed pump, locate the differential pressure sensor to achieve the
best compromise between the desire to minimise pumping costs and limit the differential
pressure variations across all the control valves.
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Appendix F

More about "Why balance?”

Hydronic balancing - a necessity for good control

In theory, modern HVAC systems can satisfy the most demanding requirements for indoor climate
and operating costs. In practice, however, not even the most sophisticated controllers always
perform as promised. As a result, comfort is compromised and operational costs are higher than
expected.

This is often because the mechanical design of the HVAC plant does not meet some conditions
necessary for stable and accurate control. Three important conditions are:

1. The design flow must be available at all terminals.
2. The differential pressures across the control valves must not vary too much.

3. Flows must be compatible at system interfaces.

F.1 The design flow must be available at all terminals

Common problems

These problems are typical indications that condition number one (i.e. that the design flow is not
available at each terminal) is not met:

e Higher than expected energy costs.
e Installed capacity is not deliverable at intermediate and/or high load.
e Too hotin some parts of the building, too cold in other parts.

e Long delay before the desired room temperatures are obtained when starting up after night
setback.

Obtaining the correct flows

The power transmitted by a terminal unit depends on the supply water temperature and the water
flow. These parameters are controlled to obtain the required room temperatures. Control is only
possible if the required water flows are available.

Some people, however, seem to think that it is sufficient to indicate design flows on the drawings
in order to obtain them in the pipes. But to obtain the required flows, they must be measured and
adjusted. This is why specialists are convinced that hydronic balancing is essential. The discussion
is limited to the question: how to do it? Is it, for instance, possible to obtain a correct flow distribution
by sizing the plant carefully? The answer, in theory, is yes. But in practice it’s just a dream.

49



IMI

Hydronic Engineering

Production units, pipes, pumps and terminals are designed to cover the maximum needs (unless
the plant is calculated with a diversity factor). If a link of the chain is not properly sized, the others will
not perform optimally. As a result, the desired indoor climate will not be obtained and the comfort
will be compromised.

One might think that designing the plant with some security factors would prevent most problems.
However, even if some problems are solved that way, others are created, particularly on the control
side. Some oversizing cannot be avoided, because components must be selected from existing
commercial ranges. These generally do not fit the calculations made. Moreover, at design stage, the
characteristics of some components are not known since the contractor will select them at a later
stage. Itis then necessary to make some corrections taking also into account the real installation,
which frequently differs somewhat from the initial design.

Hydronic balancing enables the required flows to be obtained, compensates for oversizing and
justifies the investments made.

Distribution systems with constant flow

In a distribution system with constant flow (Figure F.1a), the three-way valve is calculated to create
a pressure drop at least equal to the design pressure drop in the coil "C”. This means a control
valve authority of at least 0.5, which is essential for good control. If the pressure drop in the coil
plus the pressure drop of the control valve is 20 kPa and the available differential pressure AH is 80
kPa, then the balancing valve STAD-1 must take the difference of 60 kPa away. If not, this circuit
will experience an overflow of 200%, making control difficult and disturbing the rest of the plant.

In figure 1b, the balancing valve STAD-2 is essential. Without it, the bypass AB will be a short circuit
with an extreme overflow, creating underflows elsewhere in the plant. With STAD-2, the primary
flow a, is measured and adjusted to be a somewhat higher than the secondary design flow gs
measured and adjusted with STAD-3. If gs > gp, the water flow reverses in the bypass AB, creating
amixing point on A. The supply water temperature will increase in cooling and decrease in heating
and the design capacity will not be obtainable on the terminal units.

9p

STAD-1
STAD-2 1] STAD-3

® R ®

Fig F.1: Examples of circuits in constant flow distribution systems.

Balancing ensures correct flow distribution, prevents operational problems and lets controllers
really control.
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Distribution system with variable flow

In a distribution system with variable flow, underflow problems occur essentially at high loads.

_—
Terminal unit

A

Fig F.2: Example of a variable flow distribution system.

At first glance, there appears to be no reason to balance a system with two-way control valves on the
terminals, since the control valves are designed to modulate the flow to the required level. Hydronic
balancing should therefore be obtained automatically. However, even after careful calculations, you
find that control valves with exactly the required Kvs are not available on the market. Consequently,
most control valves are oversized. Total opening of the control valves cannot be avoided in many
situations, such as during start up, when big disturbances occur, when some thermostats are set
at minimum or maximum value or when some coils have been undersized. In these cases and when
balancing valves are not in place, overflows will result in some circuits. This will create underflow
in other circuits.

Using a variable speed pump will not solve this problem since all the flows will change proportionally
when the pump head is modified. Attempting to avoid overflows this way will simply make the
underflows more significant.

The entire plant is designed to provide its maximum capacity at maximum load. It is then essential that
this maximum capacity is available when required. Hydronic balancing, made in design conditions,
guarantees that all terminals can receive their required flow, thus justifying the investments made. At
partial loads, when some control valves close, the available differential pressures on the circuits can
only increase. If underflows are avoided in design conditions, they will not occur in other conditions.
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Morning start up

In distribution systems with variable flows, morning start-up after each night time setback is a
serious consideration since most control valves are driven fully open. This creates overflows, which
produce unpredictable pressure drops in some of the piping network, starving the terminals in the
less favoured sections of the system. The unfavoured circuit will not receive adequate flow until
the favoured spaces have reached thermostat set point (if these set points have been reasonably
chosen), allowing their control valves to begin to throttle. Start up is therefore difficult and takes a
longer time than expected. This is costly in terms of energy consumption. A non-uniform start-up
makes management by a central controller and any form of optimisation practically impossible.

A Room temperatures

Occupancy point

Favoured circuits

\ Plant/balanced

>
-4 -2 0 Timein hours

Extra start up time

Fig F3: An unbalanced plant has to start up earlier, increasing the energy consumption.

In a distribution system with constant flow, underflows and overflows remain both during and after
start up, making the problem much more difficult.
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The tools required for balancing
To balance a plant, the required tools must meet following conditions:

e The flow must be measurable with an accuracy of around + 5%. The balancing procedure
makes it possible to check if the plant works as designed, to detect faults and to decide
upon measures to correct them.

e The flow must be easy to adjust, thus making the plant flexible.

e The balancing device must guarantee a long-term reliability. It must be resistant to aggres-
sive water.

e During flushing, the balancing devices should not have to be removed and should not require
the use of special filters.

e The setting position must be easy to read and be protected by a hidden memory.

e Full throttling range should require at least four full turns of the handwheel to enable sufficient
resolution of the setting.

e Abalanced cone should be available for big sizes to reduce the torque required to set the
valve against high differential pressures.

e A shut-off function must be included in the balancing valve.

e A measuring instrument must be available, so that flows can be measured easily, without
having to use diagrams. The instrument should incorporate a simple balancing procedure
and the possibility to print a balancing report. The instrument also enables the evolution of
flows, differential pressures and temperatures to be registered for diagnostic purposes.

F.2 Stabilisation of the differential pressures

The control valve characteristic

The characteristic of a control valve is defined by the relation between the water flow through the
valve and the valve lift at constant differential pressure. Water flow and valve lift are expressed as
a percentage of their maximum values.

Heat output in % Flow in % Heat output in %
00 atoutput In 100 100
90 =t 90 1 90
80 80 80
70 , 70 70
60 60 60
50 + 50 = 50
40 40
40 l’
30 30 30
I'
20 I 20 20
1 10 o’ 10
(0) Flow in % 0 ot Lifthin % 0 Lift hin %
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
a-Typical coil characteristics b- EQM valve characteristic c- Combination of both characteristics

Fig F4: Adopting an inverse non-linear characteristic for the control valve compensates
non-linearity of a coil characteristic.
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For a valve with linear characteristic, the water flow is proportional to the valve lift. Due to the
non-linear characteristic of the terminal unit (Figure F4a), opening the control valve slightly can
significantly increase the emission at small and medium loads. The control loop may therefore be
unstable at small loads.

Choosing a control valve characteristic to compensate for the non-linearity can solve this problem.
This helps ensure that emission from the terminal unit is proportional to the valve lift.

Let’s say that the output of the terminal unit is 50 percent of its design value when supplied by 20
percent of its design flow. The valve may then be designed to allow only 20 percent of the design
flow when it is open 50 percent. When the valve is 50 percent, 50 percent of the heat output
are obtained (Figure F4c). If this holds true for all flows, you can obtain a valve characteristic that
compensates for the non-linearity of a typical controlled exchanger. This characteristic (Figure F4b)
is called equal percentage modified "EQM”.

To obtain this compensation, two conditions must be fulfilled:

e The differential pressure across the control valve must be constant.

e The design flow must be obtained when the control valve is fully open.

If the differential pressure across the control valve is not constant, or if the valve is oversized, the
control valve characteristic becomes distorted and the modulating control can be compromised.

The control valve authority

When the control valve closes, the flow and the pressure drop are reduced in terminal, pipes
and accessories. The difference in pressure drop is applied to the control valve. This increase in
the differential pressure distorts the control valve characteristic. The control valve authority can
represent this distortion.

B = Valve authori ty = ApVc (Pressure drop in the control valve fully open and design flow)

Ap valve shut

The numerator is constant and depends only on the choice of the control valve and the value of
design flow. The denominator corresponds with the available differential pressure AH on the circuit.
A balancing valve installed in series with the chosen control valve does not change any of these
two factors and consequently does not affect the control valve authority.

The control valve is chosen to obtain the best possible authority. However, the control valve
calculated is not available on the market. This is why most of the control valves are oversized. By
using a balancing valve, the design flow may be obtained when the control valve is fully open. With
the balancing valve, the characteristic obtained is closer to the required characteristic, improving
the control function (Fig FEb).
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If the balancing valves are well adjusted, they just take away the local overpressures, due to the
non-homogeneity of the plant, to obtain the design flow in all coils in design conditions. If afterwards
the balancing valves are fully open, the control valves are obliged to shut further. The friction energy
can not be saved that way, it will just be transferred from the balancing valves to the control valves.
It is then quite obvious that balancing valves do not create supplementary pressure drops.

Moreover, if the pump is oversized, the control valves will create overflows when fully open and
take away this overpressure when operating. The pump oversizing will never be detected that way
while a balancing procedure will reveal the overpressure, which can be compensated by set-up
correctly, the variable speed pump for example.

In some exceptional cases, it’s possible to find control valves with adjustable Kvs, but the problem
is to adjust the Kvs at the correct value. This is impossible if the flow is not measurable and if the
plant is not balanced to obtain the design differential pressure on each circuit. Balancing valves
are then required anyway.

Differential pressure changes with the average load in the plant

In a direct return distribution (Fig F5a), the remote circuits experience the highest variations in
differential pressure. At low flows, when the control valve is subjected to almost all the pump head,
control valve authority is at its worst.

100 Power output in %
%0 (CaH x 10 )/, ,‘,/ 2
—_— B' Small | " - ~
i s
S ﬁign B
5 Ty, ® l/ VA 2
3‘5 BT~ = / @_f
o8 0 f {/ 1%
3% 30 / : e e - I’
su ------------- EL/ 20 / rd EQMo-nlan-la | |
10 v
7| | Control valve lift |

0 10 20 30 40 50 60 70 80 90 100

a- Constant speed pump b- Variable speed pump c- Distortion of valve characteristic

Fig F5: The control valve authority is 0.25 in design condition. When the average load of the plant changes,
the differential pressure AH on the circuit increases dramatically. This further distorts the control valve
characteristic.
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With a variable speed pump, it is common to keep the differential pressure constant close to the
last circuit (Fig F5b). Then, the problem of varying AH is reported to the first circuit.

Locating the differential pressure sensor for the variable speed pump near the last circuit should, in
theory, reduce pumping costs. This however causes problems for the circuits close to the pump.
If the control valve has been selected according to the available AH in design condition, then the
circuit will be in underflow for smaller AH. If the control valve has been selected based on the
minimum AH, then, at design condition, the circuit will be in overflow and the control valve will have
a bad authority. As a compromise, the differential pressure sensor should preferably be located at
the middle of the plant. This can reduce differential pressure variations by more than 50 percent
compared to those obtained with constant speed pump.

Figure F5¢ shows the relation between the heat output and the valve lift for EQM control valves
selected to obtain the correct flow when fully open and a valve authority of 0.25. When the available
differential pressure applied on the circuit increases, the control valve characteristic is distorted so
much that it causes hunting of the control loop. In this case, a local differential pressure controller
can be used to stabilise the differential pressure across the control valve and keep the valve authority
close to 1 (Fig F7a).

Selection of modulating control valves

A 2-way control valve is well sized when:
4.  The design flow is obtained through the control valve when fully open under design
conditions.

5. The control valve authority is and remains sufficient, that is, generally above 0.25.

The first condition is necessary to avoid an overflow, which creates underflows in other circuits,
when the control valve is open and remains so for a relatively long period. This occurs (1) during
start-up, such as each morning after a night set back, (2) when the coil has been undersized, (3)
when the thermostat is set on minimum value in cooling, and (4) when the control loop is not stable.
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Fig F6: If the control valve is oversized, a balancing valve improves the control valve characteristic.

To obtain the design flow at design condition, the pressure drop in the control valve when fully open
and at design flow, must be equal to the local available differential pressure AH, minus the design
pressure drop in the coil and accessories (Fig F6a).

Now, assume that this information is available (!) before selecting the control valve. For a flow of
1.6 I/s, what is available on the market? One control valve that creates a pressure drop of 13 kPa,
another that creates 30 kPa and a third that creates 70 kPa. If 45 kPa must be created in the fully
open control valve, then such a valve is not available on the market. As a result, control valves are
generally oversized. A balancing valve is then needed to obtain the design flow. The balancing valve
improves the control valve characteristic without creating any unnecessary pressure (Fig F6b).

Once the control valve has been selected, we must verify if its authority ApVc / AHmax is sufficient.
If it is insufficient, the plant design must be reselected to allow a higher-pressure drop across a
smaller control valve.

Some designs to solve local problems

Providing separate solutions for special cases usually results in better operating conditions than
forcing the rest of the system to respond to abnormal conditions.

When control valve selection is critical or when the circuit is subjected to major changes in AH, a
local differential pressure controller can stabilise the differential pressure across the control (Fig
F7a). This is generally the case when the control valve authority can drop below 0.25.
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Fig F7: Limitation of the flow across a terminal unit.

The principle is simple. The membrane of the STAP differential pressure controller is connected on
the inlet and the outlet of the temperature control valve. When the differential pressure increases,
the force on the membrane increases and shuts STAP proportionally. STAP keeps the differential
pressure on the control valve almost constant. This differential pressure is selected to obtain the
design flow, measurable at STAD, when the control valve is fully opened. The control valve is never
oversized and valve authority is close to 1.

All additional differential pressure is applied to STAP. The control of the differential pressure is quite
easy in comparison with a temperature control and a sufficient proportional band is used to avoid
hunting.

Combining local differential pressure controllers with a variable speed pump ensures the best
conditions for control. The comfort is improved with substantial energy savings. The risk of noise
is reduced considerably. For economic reasons, this solution is normally reserved for small units
(pipe size lower than 65 mm).

For larger units, for which the differential pressure varies widely, the maximum Kvs can be limited by
using a differential pressure sensor connected to a balancing valve (Fig F7b). When the differential
pressure measured corresponds to the design flow, the control valve is not permitted to open
furthermore.

If the plant has been calculated with a diversity factor, the maximum flow allowed is reduced during
start up to obtain a homogeneous flow distribution. The set point of the maximum flow can also be
changed according to the requirements of priority circuits.

When terminal units are controlled with on off or time proportional control valves, limitation of
the differential pressure can help reduce noise and simplify balancing. In this case, a differential
pressure controller keeps the differential pressure constant across a set of terminal units (Fig F8).

This solution also works for a set of small units controlled by modulating control valves.
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a- Balancing valve on each terminal b- Regulating valve on each terminal c- On-off preadjustable control valves

Fig F8: The STAP keeps the differential pressure constant across a set of terminal units.

These examples are not restrictive; they just show that using specific solutions can solve some
particular problems.

Keeping the differential pressure constant in heating plants

Variable flow distribution

In a radiator heating plant, the radiator valves are generally pre-set considering that the available
differential pressure AHo equals 10 kPa.

AHo

STAD

Fig F9: Each radiator valve is adjusted as if it was subjected to the same differential pressure of 10 kPa.

During the balancing procedure, the STAD balancing valve is set to obtain the right total flow in the
branch. This justifies the pre-setting and the 10 kPa differential pressure expected is obtained at
the centre of the branch.

In radiator systems with available differential pressure over 30 kPa, there is a risk of noise in the
plant, especially when air remains in the water. In this case, you should use STAP to reduce the
differential pressure and to keep it constant (Fig F10).
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Fig F10: A STAP keeps the differential pressure at the circuit inlet constant.

STAP keeps the differential pressure constant on each branch or small riser. The branch water
flow (gs) is measured with the STAD measuring valve. This combination relieves the thermostatic
valves of excess differential pressure.

Constant flow distribution

The supply water temperature, in a residential building, is adjusted with a central controller according
to the outdoor conditions.

The pump head may be high, which can cause noise in the thermostatic valves. If there is no
restriction on the return water temperature, a constant flow distribution may be used.
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Fig F11: Each apartment receives a differential pressure less than 30 kPa.

One solution is to provide each apartment with a bypass line AB and a balancing valve STAD-1
(figure F11a). This balancing valve takes away the available AH. A secondary pump with a pump
head less than 30 kPa, serves the apartment. When the thermostatic valves close, the Ap across
the thermostatic valves is acceptable and does not create noise in the plant. The secondary design
flow must be slightly lower than that of the primary flow to avoid a reverse flow in the bypass, which
would create a mixing point at A and decrease the supply water temperature. This is why another
balancing valve STAD-2 on the secondary is necessary.
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Another solution is to install BPV, a proportional relief valve, for each apartment (Fig F11b). This
eliminates the need for a secondary pump and for the balancing valve STAD-2. BPV works with
one STAD balancing valve STAD-1 to stabilise the secondary differential pressure. The BPV is set
to suit the requirement of the radiator circuit. When the thermostatic valves close, the differential
pressure between A and B increases beyond the set point. The BPV then opens and bypasses
a supplementary flow creating a sufficient pressure drop in the balancing valve to keep almost
constant the differential pressure between A and B.

Let us suppose that the balancing valve STAD-1 is not installed. If the primary differential pressure
AH increases, BPV will open, increasing the primary flow q,. The resistance of the pipes between
AB and the riser being negligible, the differential pressure across AB remains Practically equal to
AH. Consequently, to stabilise the secondary differential pressure, the BPV must be coupled with
a balancing valve STAD-1 that creates a sufficient pressure drop.

F.3 Flows must be compatible at system interfaces

To give value for investment made

Production units, pumps, pipes and terminal units are designed to provide a certain maximum load
even if a diversity factor has been considered. If this maximum load cannot be obtained because
the plant is hydraulically unbalanced, we don’t give value for investment made.

If the system never requires the maximum capacity installed, it means that the chillers, pumps
... are oversized and the plant is not correctly designed. When the plant is well balanced, it’s not
necessary to oversize, which reduces the investment and the running costs.

It is quite obvious that overflows in some parts of the plant create underflows in other parts.
Unfavoured circuits are not able to provide their full load when required. However another problem
will occur. At full load, the supply water temperature will be lower than expected in heating and
higher in cooling due to incompatibility between production and distribution water flows.
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Example in heating
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Fig F12: Two circuits are in overflow.

Figure F12 shows a heating plant with three boilers working in sequence. The distribution loop
has a low resistance in order to avoid hydraulic interference between the boilers and between the
circuits. For this reason any hydraulic resistance has to be avoided in the bypass "DE”. A check valve
between D and E, for instance, will put the secondary pumps in series with the primary pumps,
disturbing heavily the function of the three-way mixing valves.

If the two circuits are identical, they have each to take 50% of the total flow. Assume that they
take 75% instead. On point "A”, the first circuit takes 75% of the total flow. It remains 25% for the
second circuit. The second circuit takes 75% flow but receives only 25%. It will take 50% from its
own return. At "C”, 25% of hot water is mixed with 50% of the return water from circuit 2. For this
circuit, the maximum supply water temperature is 69 °C. In design conditions, with an outdoor
temperature of -10 °C, as long as the first circuit takes its maximum flow, the room temperatures
in circuit 2 cannot exceed 14 °C. When the room set point of circuit 1 is reached, its three-way
control valve starts to shut.
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The supply water temperature of the second circuit increases to a maximum of 80 °C with an
available capacity 10% below the design value. In these conditions, the maximum room temperature
will be 17 °C for the second circuit. Increasing the pump head of the second circuit to "solve” the
problem will make it worse.

Start up is much longer than expected and the capacity installed is not completely transmittable.
To avoid this problem, the total maximum flow absorbed by the circuits must be equal or lower
than the maximum flow provided by the production units.

We might think that it would be sufficient to reduce the secondary pump head, in one way or
another, to limit the flows. Attempting to avoid overflows this way will simply make the underflows in
unfavoured units more significant. Consequently it remains necessary to balance the terminal units
between themselves. If the overflow in the circuit is the result of no balancing, we can imagine that
some circuits will receive only 50% of their design flow. For these circuits, the situation is worse.
The supply water temperature is 10 °C lower than design and the flow is also reduced.

Balancing investment represents typically less than one percent of the total HVAC costs, allowing
the maximum capacity installed to be transmittable, valorising all the investments made.

Example in cooling
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Fig F13: Examples in cooling.

Fig F13arepresents a chilled water plant with four chillers. If the distribution circuit is not balanced,
the maximum flow g, may be higher than the production flow q,. In this case, the flow g, in the
bypass reverses from B to A, creating a mixing point at A. The supply water temperature ts is then
higher than design and the maximum capacity installed is not transmittable.

Fig F13b represents a terminal unit working at constant flow with a two-way valve controlling injection.
If the flow in the terminal unit is too high, the flow g, is always in the direction B to A. The supply water
temperature ts is always higher than design and the maximum design capacity is never obtained
in the terminal unit.

For both examples, an overflow of 50% in the distribution or through the coil will increase the supply
water temperature from 6 °C to 8 °C.
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Appendix G

Troubleshooting and system analysis

Hydronic balancing prevents overflows in certain circuits from causing underflows in others, detects
possible oversizing of pumps and verifies that the plant does provide the functions and performances
intended by the designer.

G.1 Common problems

Symptoms

Common and
incorrect counter
measures

Typical and usually
neglected root
causes

Correct solutions

Advantages

Too hot in some parts
of the building, too
cold in other parts

Increase pump head
(main or secondary
pump head

Overflow in some
circuits create
underflow in others

No balancing of
circuits downstream
of Ap controllers

Balance distribution
system using
STAD/STAF balancing
valves

Long time before all
rooms reach correct
temperature after
night setback

Increase supply

temperature (heating).

Reduce when
possible supply
temperature (cooling)

Cancel the night
setback function

Install additional
boilers or chillers

Overflow in some
circuits create
underflow in others

Distribution

flow higher than
production flow
(compatibility
between flows not
obtained)

Balance distribution
system using
STAD/STAF balancing
valves

Make sure that
production and
distribution flow

are compatible by
adequate balancing

Abnormal pump
energy consumption

Pump is oversized
and pump oversizing
not detectable

Balance the plant
with STAD/STAF
to reveal pump
oversizing Adjust
consequently the
pump speed or
trim the impeller or
change the pump

Install secondary
pumps to overcome
special high losses

Temperature
controlled fluctuates

Noise from control
valves

Modify control
software although it is
a hydronic problem

Replace correctly
sized but hunting
control valve by
smaller ones

Plant not balanced

Control valve authority
is too low

Wrong control
parameters

Control valve
oversized or
submitted to variable
Ap.

Balance the plant
using STAD/STAF
balancing valves.

Size the control
valve in a better way.
Adopt the correct
characteristic and
suitable control
parameters

Limit Ap variations
using STAP Ap
controllers

e Correct room
temperatures at
optimised energy
cost

e Flows are verified
and documented

¢ Possibility to
measure and log
the flow and detect
problems

* Manual balancing
identifies hydronic
problems which
can be solved at an
early stage

e Shortest possible
start-up time after
night setback

e Possibility
to minimise
pump energy
consumption

* Avoid noises due
to abnormal pump
head

e Stable and accurate
temperature control

® | ow energy cost

® Risk of noise
reduced

¢ With the control of
the Ap across the
control valves, with
STARP, their authority
remains close to
one and the control
valves are never
oversized
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G.2 Quick troubleshooting

TA-SCOPE instrument makes it easier to put your finger on problems in hydronic systems. TA-
SCOPE measures and registers differential pressures, water flows and temperatures using balancing
valves.

Here is a list of some typical faults that TA-SCOPE can help you identify:

e Wrong flow in pipes and terminals.

e Too high or too low supply water temperature.

e Incorrect air temperatures.

e Production and distribution water flows are not compatible.
e Interactivity between production units.

e Abnormal pressure drops in elements with the possibility to detect blocked filters and
clogged terminals.

e Shut-off valves that should be open but are closed.

e Improperly connected check valves.

e Dented pipes.

e Too high or too low available differential pressure across a circuit.

e Distribution pump oversized or undersized.

e Wrong rotation direction for a pump with a three-phase motor.

e Unstable romin a pump.

e Interactivity between circuits with sometimes reverse flows in pipes.
e Unstable control on terminals.

e Qversized control valve and possibility to calculate its authority.

One of the many benefits of manual balancing is that you detect many of these types of faults during
the balancing procedure. It is much less expensive to correct faults at this stage than, for instance,
after the false ceiling has been installed and tenants have moved into a building.

G.3 Accurate system analysis

To be able to correct especially tricky operating problems, it is sometimes necessary to perform an
accurate system analysis. As a basis for such analysis, it is useful to know how differential pressure,
flow and temperature vary over time at strategic points in the plant.

TA-SCOPE can help. Connect the instrument to the plant and let it collect data for a while. Then
connect TA-SCOPE to a computer and print out the data in the form of easy-to-grasp chart that
you can analyse at your leisure back in the office.
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