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Introduction

1. INTRODUCTION
The demands on modern heating and cooling systems are

numerous. The end user expects the system to be easy to use

and economical. The manufacturer is expected to supply state-

of-the-art goods and keep the production costs of the system

to a minimum.

Overdimensioned systems, together with poorly hydronically

balanced systems, or systems that are not balanced at all,

should be a thing of the past.

It is these systems that repeatedly cause problems in practice.

Radiators do not heat up and thermostats cause irritating

noises, resulting in higher costs than originally planned. This fact

is actually quite remarkable, as the necessity for hydronic

balancing of systems is common knowledge in the industry.

Often, however, this knowledge is simply ignored, which means

that many systems do not correspond to applicable regulations

or the current status of the technology.

This manual is designed to provide an overview of current

requirements and act as an instruction manual for hydronic

balancing. The manual first covers the theory of hydronic

balancing, followed by a description of the procedure for

regulation using measurements, based on a practical example.

The possibility of hydronic balancing according to calculations is

also explained. Some examples are used to describe the

dimensions of thermostatic radiator valves and balancing valves.

1.1 Consequences of failing to implement
hydronic balancing

A modern water pump system distributes heat or cold equally

to all rooms according to demand. Depending on system

performance, a precisely defined volume of water is distributed

through the pipes. As in all systems with locally separated heat/

cold generation and output, the system is confronted with the

problem of distribution on demand

Water always flows in the direction of least resistance. In a

system that is not balanced, this means that the circuit closest to

the pump always receives the largest volume of water. The

resistance on the route to this circuit is less than for the other

circuits, because in comparison the water has less distance to

travel, and therefore has to overcome less resistance in the

pipes. Within this circuit, the heat exchangers at the beginning

receive the largest amount of water. Conversely, the circuit that is

furthest from the pump has the least amount of water. The heat

exchangers towards the end of this circuit receive the least heat

or cold, because the distance to travel to these consumers is

longer, and therefore more resistance in the pipes must be

overcome. In the less hydronically efficient circuits, the heat

exchangers that are further away from the pump thus receive

unsatisfactory supply. The consequences of this are: Heat

exchangers and circuits closer to the main supply are

oversupplied, and the heat exchangers and circuits that are

further away are undersupplied.

In practice, this problem is often incorrectly assessed. Frequently,

the diagnosis is that the pump output or the supply temperature

is too low, or that regulation is faulty. As a result of the incorrect

diagnosis, pump outputs are increased or larger pumps installed,

the supply temperature increased, or the regulation is adjusted.

A system “corrected” in this way may start to generate the

required room temperature. However, the unnecessarily high

mass flow rate or excessive supply and therefore also return

temperatures result in further deficiencies, which can also be

cause for complaint. For this reason, we have listed the most

common deficiencies resulting from insufficient hydronic

balancing below.

Fig. 1: Uneven distribution of water in a non-hydronically
balanced system
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Uneven Heat Output
The heat output of a radiator or heat exchanger is largely

determined by the quantity of water flowing through it. If the flow

is too high, the room is overheated, while too little flow results in

an insufficient room temperature. Radiator heating is tolerant

within a certain range, which means that a slight reduction in

water pressure will only result in a negligible drop in room

temperature. On the other hand, doubling the flow of water only

leads to a minor increase in room temperature. This relationship

is often used as an excuse for not performing hydronic

balancing. The diagram below shows this relationship on the

basis of a radiator with the radiator exponent = 1.3 and a supply

temperature/return temperature of 70/55°C at 20°C room

temperature.

Fig. 2: Relationship between room temperature and
volume flow

Note that a volume flow of 60-70 % causes the room

temperature to sink to approx. 18°C, and therefore affects

comfort.

Delayed heating following overnight
temperature reduction
One typical consequence of insufficient hydronic balancing is

detected following cold nights in spring and autumn. In the early

morning, the system resumes heating after an overnight

reduction in temperature, but only the consumers nearest the

pump are supplied. Only when the demand is met and the

thermostatic radiator valves reduce the mass flow rate, is

sufficient water forwarded to the more distant consumers. It can

therefore be midday or afternoon by the time all consumers are

supplied and the rooms become warm. The phenomenon may

have disappeared again by the following day. This only requires

the building to have cooled down less due to a mild overnight

temperature, and the heat demand for the heating phase

therefore to be lower.

Noise problems
From the previous problem description (fig. 2), we can see that

an excess volume flow is not necessarily seen as a fault,

because the room temperature does not increase to the same

extent as the temperature reduction. An unnecessarily high

volume flow can often, however, cause a further defect in the

form of streaming noises. Thermostatic radiator valves, which

have the primary task of regulating room temperature through

reducing volume flow, cannot be subjected to high levels of

differential pressure, as the small diameters of the openings

required for regulation otherwise lead to strong turbulence of the

medium. It is this turbulence that causes the streaming noises.

To avoid this, thermostatic radiator valves should therefore not

be operated above a differential pressure of 200 mbar. If a valve

is now subjected to a differential pressure, for example of

150 mbar, an increase in the volume flow quickly causes the

threshold value to be exceeded.

Required temperature differences are not
reached
The transported power of the circulating medium is defined as

follows:

From this formula, it is easy to recognise that doubling the mass

flow q leads to a halving of power distribution ∆t. This has

consequences for systems and components that are dependent

on a low return temperature.

For example:

Condensation boilers

These use the energy generated by condensation to increase

thermal efficiency. This means that the high thermal efficiency

specified by the manufacturer can only be achieved as long a

certain minimum return temperature is not exceeded.

District heating connections

The operators of district heating networks aim to operate their

networks as economically as possible. This is possible if many

consumers can be supplied with little need for transporting

water. Networks such as this are therefore operated with a high

supply temperature and a low return temperature.

To encourage the customers to align their systems to the same

high supply/return temperature differences, tariff bonuses, i.e.

lower energy prices, are offered in return for customers who

comply. This price advantage is lost if the return temperature

has risen as a result of insufficient hydronic pressure.

Temperature distribution 70/55˚
Room temperature     ϑ= 20˚C 
Radiator exponent      η=1,3

Volume flow in %
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∆t = ϑS - ϑR

P Performance of the heating medium in W

q Mass flow rate in kg/s

cp specific heat capacity of the medium

cp = 4186 J/kg K for water at 60°C

ϑS Supply temperature in °C

ϑR Return temperature in °C
∆t Power distribution

P = q x cp x ∆t
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1.2 A problem and its solution
The solution to all these problems is well known. Through

hydronic balancing of the whole system, the resistance of the

individual consumers is coordinated so that each heat

exchanger receives exactly the required amount of water.

Hydronic balancing results in:

• Equal supply to all heat exchangers and circuits

• Reduction of flow noise to a minimum

• Pumps only demand as much water as they require

• Energy savings

The installer is thus able to provide customers with a smoothly

functioning economical and ecological system - and all with no

additional energy requirements and no restrictions on comfort.

Advantages of hydronic balancing are:

• Energy savings

• Increased comfort, no noise

• Reduction in CO2  emissions

• More efficient use of resources

Technical measurement and regulation
problems
Control valves are designed so that the power output is

regulated throughout the whole available valve stroke. An

excessively high level of flow has the same effect as an over-

sized regulator. The working range of the regulator is reduced,

and the aperture is increased. This has an effect on the

regulatory behaviour, which in some circumstances may be

reflected in unstable regulation.

Fig. 3: Characteristic curve of a control valve in the case of
excessive volume flow. The working range is
reduced to approx. 55%

Unnecessarily high energy costs
The deficiencies above have an adverse effect on comfort and

are usually reported as complaints. A further problem resulting

from insufficient hydronic balancing can be unnecessarily high

energy costs, caused by increasing the normal performance of

the pump. Increasing the volume flow also increases the

electrical power consumption. In well-insulated modern

buildings, the proportion of pump energy in relation to heating

performance has increased in importance, because the volume

flow is not reduced with decreased demand for heating or

cooling. The radiators still have the width of the window, and can

therefore be operated with a lower supply temperature than in a

poorly insulated building. A lower supply temperature also has a

positive effect on the efficiency of the heat generator and on

distribution loss through the pipe system. This general rule

naturally also applies for systems that are used for climate

control in buildings using cold water. The closer the average

temperature of the supply and return water is to the room

temperature, the lower the distribution loss.

Functional range
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2. BASIC PRINCIPLES OF
HYDRONIC BALANCING

Hydronic balancing ensures that all circuits and heat exchangers

receive water at the same resistance and are therefore equally

supplied with heat or cold.

There are several possibilities for fulfilling this task. The

procedure best suited to a particular system depends on

several factors, including the size of the system, the layout of the

distribution pipes and consumers and conditions in the

surrounding environment.

2.1 Statically balanced Systems
In these systems, additional resistance is integrated in the form

of adjustable throttle valves in the circuit, in the distribution, and

in the heat exchanger. The circuit with the highest resistance is

not regulated at all, and the circuit with the lowest resistance is

regulated the most. The required resistance of the throttle

valves can be calculated by comparing the pressure drop of the

individual circuits. To calculate this, the required supply pressure

for all circuits is determined and the difference between the

supply pressures then needs to be applied to the corresponding

flow control valve. This procedure is quick and simple to

perform using modern calculation software. The result is a value

for setting each individual valve, which can be used to generate

the additional pressure. A system set in this way is statically

balanced and optimized for a particular system state. This is

normally the state of maximum demand. Chapter 5 contains

some example calculations for this type of balancing.

2.1.1 Static Balancing with Thermostatic
Radiator Valves

In smaller systems, such as heating systems in smaller family

homes with a low number of radiators, balancing at the heat

exchanger using the thermostat and/or lockshield valves is

sufficient. Additional regulating valves are normally not

necessary.

The valves and fittings industry offers various solutions intended

to facilitate the planner and installer in making the presettings

(hydronic balancing). There are two main options to consider:

Some people prefer presettable thermostats, while others are in

favour of fixed limited thermostatic radiator valves, coupled with

a flow control valve in the return.

Basic Principles of Hydronic Balancing

Limited Range Thermostatic Radiator
Valves
When choosing valves with limiting Kv-discs, the installer takes

advantage of the fact that the dimensioning of the thermostatic

radiator valve can only be based on an assumed stationary

state. When the system is put into operation, some

thermostatic radiator valves immediately begin to close, while

others may open further. This means that the individual

thermostatic radiator valves have completely different hydraulic

properties than those taken into account in the calculation. They

may have smaller or larger differential pressures, which can

result in a larger or smaller valve stroke. Honeywell therefore

offers thermostatic radiator valves with a limited characteristic

curve.

This means that when the thermostatic radiator valve opens

further, no more water flows through the valve than with a valve

stroke of 3 K - the characteristic curve of the valve levels off.

Fig. 4: Characteristic curve of a BB type thermostatic radiator
valve, balancing of the individual radiators using the
P-band, XP = 1-3 K

The radiator now uses the whole regulated bandwidth of the

valve. This means that for water volumes with the curves

1 to 3 K, the thermostatic radiator valve itself controls the

quantity of water according to demand because of its higher

authority. Regulation of the return valve is only required for

extremely small quantities of water. This simplifies the task of the

installer, who has to fit fewer radiator valves. In this respect, the

lockshield valve is not considered an additional valve. It is

currently a common requirement that radiators can be locked

and emptied. The lockshield valve has thus been used as

standard for some time.
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2.1.2 Static balancing with balancing
valves

Hydronic balancing, however, does not end with the

thermostatic radiator valves. Rather than one single circuit with

only a few heat exchangers, systems usually consist of several

circuits and multiple heat exchangers. This can have the

consequence that the required pump performance may exceed

a differential pressure of 200 mbar, which is generally accepted

as the maximum for noise-free operation of thermostatic

radiator valves. If this is the case, some of the differential

pressure needs to be  limited in the circuit. The purpose of

balancing valves is thus to balance the individual circuits so that

each circuit only receives the volume of water that is required

according to demand. As described in section 2.1.1, balancing

between the circuits also takes place at the consumer in this

case.

Static balancing is particularly suitable for smaller systems or for

systems with a constant water volume, such as single pipe

heating systems or cooling systems with fan coil units. In

systems with constant water volume, the flow is diverted by a

bypass at the heat exchanger when demand is decreased. Fan

coil units frequently have an integrated 2-way valve, which opens

as soon as the fan is switched on. The room temperature is

controlled by the fan speed instead of the flow rate.

Fig. 6: Static balancing in a heating system

Whether determined as a result of calculations or measurement,

the setting is based on operation at full load. This high setting is,

however, only used on a few days during the heating period.

Static balancing therefore means that the system is

overdimensioned for most of the year and an unnecessary high

amount of energy is consumed. In addition, static balancing is

unable to reduce flow noises resulting from an increase in

differential pressure in part-load operation. This is only possible

with dynamic balancing.

2.2 Dynamically Balanced Systems
In systems with variable water volume and differential pressures,

such as two-pipe heating systems with radiators, static

balancing quickly exceeds the limits within which it can usefully

be applied, particularly in larger systems.

Presettable Thermostatic Radiator Valves
The principle of presettable valves is based on the idea that the

optimal thermostatic radiator valve should be selected on the

basis of a characteristic curve of XP ≤ 2 K. If a lower quantity of

water is now used in a calculation, the designer refers to the

diagram of the corresponding valve and uses a characteristic

curve with a lower presetting. This presetting can be equated

with regulation at the lockshield valves mentioned above,

because the regulating throttle is downstream of the actual valve

disc. A presettable thermostatic radiator valve is therefore

basically the same as a normal thermostatic radiator valve, but

with a regulating lockshield valve integrated in one housing.

Fig. 5: Characteristic curve diagram of a V type thermostatic
radiator valve, balancing using the presetting at
XP = 2 K

Recommended usage range

Flow rate kg/h

Presetting
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Basic Principles of Hydronic Balancing

These valves basically function in the same way as manual

balancing valves, except that automatic balancing valves

continually control the pressure differential between supply and

return. If, for example, the differential pressure in one circuit

changes as a result of thermostatic radiator valves opening or

closing in other circuits, the balancing valve automatically

compensates. The system is therefore continually balanced

depending on the current load, and the appropriate pressure

conditions are maintained within the system.

In addition to maintaining an optimal hydronic balance, even

under changing operating conditions, automatic balancing

valves also limit the differential pressure increase in the partial

load range. The thermostatic radiator valves therefore function

under constant conditions. Flow noises, oversupply and

undersupply of individual circuits or heat exchangers are

avoided. The system functions economically, as only the

required amount of water, and therefore heat or cold, is

circulated. And above all: There is no need for time-consuming

and costly setting and checking of calculated values.

Dynamic balancing is also well-suited for renovating heating

systems in old buildings, as plan documents of the original pipe

installations are normally not available. Of course, it is possible

to measure the system after it is completed, but this is time-

consuming and complicated to calculate, even for an expert. The

end result is still ‘only’ a statically balanced system, i.e. it is set

for the design flow.

In practice this is rarely achieved, however, as thermostatic

radiator valves close and the system then operates under partial

load conditions.

Fig. 9: Characteristic curve of an automatic balancing valve.
The set differential pressure also remains fairly
constant during partial load operation.

The use of automatic balancing valves saves the effort of

measuring the system, and the system is also suitable for

variable water volumes. This means that exactly the right volume

of water flows, even if the system is working under partial load.

Dynamic balancing is therefore more suitable than manual

balancing, in modern as well as in old systems.

Large pressure difference,
 large disturbance  

Small pressure difference,
 minimal disturbance

In this type of system, the room temperature is controlled by

the flow rate through the radiator. When outside temperatures

are low, demand for heat is increased, and the system works at

high load or full load, depending on the status assumed during

planning. When outside temperatures are warmer, e.g. in spring

or autumn, there is correspondingly less demand for heat. The

thermostatic radiator valves are closed and a lower volume of

water flows through the radiators. Within this partial load range,

i.e. when the volume of water in the circuit decreases, balancing

valves lose their effectiveness, because, in the same way as the

piping, they behave like hydraulic fixed resistors and lose

differential pressure. If the volume of water is halved, the

differential pressure at the balancing valve is thus reduced to a

quarter! At the same time, the demand on the circulating pump

is increased, as the operating point in the pump diagram shifts

to the left (see fig. 7). Within the partial load range, there is

therefore an increase in differential pressure caused by the

remaining open thermostatic radiator valves. This increase in

differential pressure depends on the characteristic curve of the

pump. For pumps with a flat characteristic curve, the increase in

differential pressure is minimal and it increases as the curve

becomes steeper.

Fig. 7: Steep and flat characteristic curves for pumps

Depending on the dimensions of the pipe network and the size

of the system, this differential pressure can exceed the maximum

permitted value in terms of noise generation of  200 mbar. If a

system generates noise in the partial load range, this is an

indication that dynamic balancing with automatic balancing

valves as differential pressure regulators are required.

Fig. 8: Dynamic balancing in a two-pipe system
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2.4 Balancing Strategies
There are two basic strategies for practical implementation of

hydronic balancing, which are:

• Balancing at the consumers, and

• Balancing in the circuit.

2.4.1 Balancing at the consumers
In this balancing strategy, the pressure is first reduced at the

consumers. Each consumer must therefore be equipped with

the appropriate throttle valve and, if balancing is to be

performed using flow rate measurement, also with an

appropriate measuring valve.

It is important to take into account that each time a heat

exchanger is adjusted, this also affects the flow rates of the heat

exchangers that have already been set, due to the changing

pressure relationships in the pipes. In this balancing strategy, it is

therefore important that the pump and the network react as little

as possible to changes in the flow rate. One ideal solution is the

installation of automatic circuit control valves (section 2.2).

These maintain a constant differential pressure within the circuit.

Balancing at consumers reaches its natural limitations as soon

as the restriction of the valves result in a greater differential

pressure than is practical for the fittings. For thermostatic

radiator valves and lockshield valves, this is a maximum of

200 mbar.

2.4.2 Balancing in the Circuit
In order for balancing to take place in the circuit, all circuits must

be equipped with throttle valves and, if balancing is to be

performed using flow rate measurement, also with an

appropriate measuring valve. Balancing circuits according to

measurements is performed in hierarchical fashion: first the

risers, then the circuits, and then the mains. This procedure may

at first seem confusing, as at first sight it would appear more

practical to balance larger water volumes first, followed by the

smaller volumes. The following descriptions should explain why

this hierarchical procedure is preferred.

Measurement based balancing is still the most frequently used

method, as it is often not possible to set the system according

to calculations. The fittings are then incorrectly set, or set based

on what “feels right”. If first the circuit and then the risers within

the circuit are balanced, it can happen that the throttle valve

furthest away from the pump is also throttled. Each unnecessary

restriction causes higher energy consumption as the pump has

to compensate for the unnecessary differential pressure caused

by the restriction.

It is therefore more practical to restrict the risers only as far as

to allow at least one balancing valve to stay completely open,

even if the required circuit water volume is still exceeded. When

the individual circuits are balanced with each other in this way,

balancing takes place in the circuits, so any excess water

volume is restricted to the required amount in the circuits.

A note on speed-regulated pumps
The simultaneous use of automatic  balancing valves and pump

regulator controlled by differential pressure is ideal, because the

energy-saving effect of  a decentralised differential pressure

regulation supports the central regulation of the pump. The

advantage of speed-regulated pumps is that the pump

consumes less energy and therefore less costs arise, as the

pump speed is automatically reduced under lower load

conditions. Speed-regulated pumps are of no relevance for

hydronic balancing, and cannot replace control valves. They

generate the pressure differential required for transport at a

central location and thus have no influence on distribution within

the system.

2.3 Summary
• For small buildings, such as the average family home, it is

sufficient to use static balancing using thermostatic radiator

valves and, where necessary, lockshield valves.

• For medium-sized to large buildings, it is necessary to use

static or automatic balancing valves  for the distribution of

water in the system.

• Static balancing with balancing valves is suitable for systems

with a constant water volume, e.g. one-pipe heating systems

or cooling systems with fan coil units or chilled ceilings. In

two-pipe systems, balancing valves are only suitable under

certain circumstances. They enable hydronic balancing

according to the  initial design. When operating under partial

load, individual areas can be oversupplied due to the increase

in differential pressure. This results in wasted energy or flow

noises from the system.

• Dynamic balancing with automatic balancing valves is the

optimal solution for systems with fluctuating water

volumes, such as two-pipe heating systems with radiators.

In contrast to static balancing only the amount of water that

is required flows through the system, independent of load.

This makes the system more economically efficient.

• A reliable system and the highest level of comfort, while

keeping operating costs to a minimum are justifications for

the installation of high-quality system components. These

already pay off after a few years.

• The documentation on services supplied, together with an

introduction to using the hydronically regulated system, all

provide the customer with the necessary security and

improve the market value of the property.
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Basic Principles of Hydronic Balancing

2.5.1 The temperature method
This method is suitable for balancing by circuit as well as for

balancing at the consumers, especially in the renovation of

smaller systems.

• Advantage: Balancing is based purely on temperature

measurements, so no flow measurements are required.

• Disadvantage: Time consuming, as each time you need to

wait for the  system to settle back into a steady state. This

can only be performed if the outside temperature is

sufficiently low (below 0°C, with no sun). Modern systems

also regulate demand, by adjusting (lowering) the supply

temperature when the outside temperature increases. The

difference between the supply temperature and the room

temperature is therefore lower, and an error of just 1°C

gets more weight.

Fig. 11: The temperature method

Assuming that all consumers are correctly dimensioned, when

the system is hydronically balanced, the same temperature

difference should be set in all circuits and consumers.

Only the temperature drop in the main circuit is not taken into

account. In the temperature method, all circuits and consumers

should be set to the same temperature difference.

In the simplest case, the temperature difference in the main

circuit (i.e. in the pump) can be used as the target temperature

difference.

The target Kv value can then be calculated as follows:

For the actual temperature difference, the measured difference

between the supply and return temperature needs to be set at

the appropriate throttle valve. The target Kv value can also be

determined from the current operating conditions (inside and

outside temperature) and the design data (maximum supply and

return temperature, minimum outside temperature, heat gain

expressed in Kelvin):

     ∆ϑactual
Kv, target = Kv, actual     ∆ϑtarget

Riser A1 Riser A2 Riser B1 Riser B2

Circuit A Circuit B

Main Circuit

The following diagram shows the order of the throttle valves for

balancing in the circuit. First the risers are balanced, i.e. pipes

A1 and A2 and B1 and B2 with each other. Then the circuits

A and B are balanced. Finally, the water volume in the main circuit

is set.

Fig. 10: Balancing in the circuit using Kombi-3-plus balancing
valves

Note that the differential pressure set on the throttle valves of

the risers can only be managed when the volume flow is 100%.

If thermostatic radiator valves in the circuit restrict flow through

the consumer, the circuit water volume is also reduced and

therefore also the flow through the throttle valve. Halving the

water volume reduces the differential pressure raised by the

throttle valve to a quarter! The lack of differential pressure then

needs to be compensated by the thermostatic radiator valves,

which can lead to flow noises when working under partial load.

In practice, it is therefore highly recommended to balance the

risers automatically. The manual throttle valves are replaced by

automatic differential pressure balancing valves, e.g.

Kombi-3-plus with Kombi-DU diaphragm unit.

2.5  Methods of Balancing
The underlying difficulty in hydronic balancing is that the

necessity usually arises from insufficient supply of a heat

exchanger or a circuit. In addition, the corresponding valves are

fully open, which means the missing water volume must be

supplied by throttling valves to divert water from other

consumers or circuits to the under supplied component.

Throttling the valve reduces the water volume flow, and the

reduced volume influences all other consumers and circuits.

For this reason, specific balancing methods are required, which

can be used for the previous balancing strategies. Some of

these methods are described in the following:
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2.5.3 The reference circuit method
This method is suitable for balancing larger systems with main,

circuit and risers, which all need to be balanced against each

other.

• Advantage: Can be carried out quickly and efficiently.

Only needs to be carried out once.

• Disadvantage: Requires more resources than the

proportional method (3 people!)

This method generally requires 3 people (A, B and C) and

2 measuring devices (pressure difference and flow rate)

• A reads the pressure difference and flow on the reference

circuit (= least efficient circuit), and reports this value via radio

to B.

• B continually adjusts the overall flow rate so that the

reference value at A remains constant.

• C balances the remaining circuits, and any repercussions

on the whole network are automatically compensated by

A and B.

Fig. 12. The reference circuit method

2.5.4 Auxiliary method for balancing valves
with pressure test cocks

When performing circuit balancing using balancing valves with

pressure test cocks (Kombi-2-plus, Kombi-F-II), the pressure

difference is measured and then the flow rate is calculated using

the Kv value (which depends on the valve setting). Because the

Kv value needs to be recalculated for each valve setting, the flow

cannot be continually displayed - even when using a

microcomputer - as the new valve setting needs to be entered

following every run. Finding the right valve setting is thus a very

gradual process and can be laborious.

ϑS measured supply temperature

ϑR measured return temperature

ϑS, max design supply temperature

ϑR, max design return temperature

ϑo measured outside temperature

ϑo, min design outside temperature

ϑi measured room temperature

∆ϑHG estimated heat gain (in Kelvin)

2.5.2 The proportional method
This is the simplest method of circuit balancing for systems with

measuring valves.

• Advantage: Can be performed by one person using a single

measuring device.

• Disadvantage: Several runs are required.

The proportional method is based on the fact that several

parallel flows, which have a certain interrelationship, maintain the

same relationship even if the overall flow is changed.

Firstly, all flows are aligned to the same flow quotient. This is

defined as follows:

Then the overall flow is adjusted until the flow quotient is 1.0.

A detailed description of the proportional method is in chapter 4.

                (ϑS - ϑR) (20 - ϑo, min)Kv, target = Kv, actual       (ϑS,max - ϑR, max) (ϑi - ∆ϑHG  - ϑo)

ACTUAL - flow

TARGET - flow
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H =  ( V1 / KV1)2 + ( V1 / K )2

    V2 2 - V2 1K =
V1 V2( )2 - ( )2

KV1 KV2

Measurement diagram Kombi-3-Plus V5000
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V2 TARGETKv,TARGET = VTARGET
H-( )2
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2.5.5 The Honeywell measuring method
The Honeywell measuring method makes use of the fact that for

every balancing valve in the return, there is a shut-off valve in the

supply. If pressure test cocks are mounted on a valve in the

supply, each changed setting of the return valve results in a

changed differential pressure via the supply valve. Using an

electronic measuring computer, the flow rate can be continually

displayed. It is calculated on the basis of the Kvs value of the

valve on the supply side.

Fig. 13: The Honeywell measuring method

V = volume flow in m3/h

This auxiliary method enables you to perform this task much

faster: you can calculate the correct valve setting almost exactly

using any two valve settings (balancing system with

2 unknowns). The solution is explained as follows:

with

Index 1 = 1st measurement
Index 2 = 2nd measurement
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Use of specific tables and diagrams

Energy providers use specific diagrams and tables in consulting

discussions, which can be used to determine the heat

requirement of the building based on the age of the building.

Estimated values based on permitted limits

In many countries, there are limit values for the maximum

permitted specific heat demand. These values also distinguish

between buildings of different ages. As this is a maximum value,

using this value will always result in over-dimensioning. It is

therefore advisable to check the result by calculating the heat

requirements of some rooms (if possible).

Calculation based on the installed heating surface

This procedure is used the most frequently, as the performance

of the heating surfaces can be taken from the manufacturer’s

documentation. This is also, however, the least accurate of the

methods described here. The supply and return temperatures

that were originally used to design the heating surfaces are not

known. Heating surfaces are generally not set to the required

performance, but are overdimensioned.

Examples:

• The required length was not available, and the next largest

radiator was selected.

• For aesthetic reasons, the radiator size was adjusted to

match the width of the window.

• The building has been insulated, but the existing radiators

were not replaced.

After demand has been determined based on the possibilities

described above, the heating surfaces have to be checked in

order to calculate the required mass flow rate. If the

manufacturer’s documentation for the installed heating surfaces

is still available, the required radiator power at the intended

system temperatures can be determined according to the

following general rules:

The power of a radiator is calculated according to the formula:

ϑS Supply temperature

ϑR Return temperature

ϑi Room temperature

3. PROCEDURE

3.1 Planning and Preparation Work
The foundations for successful hydronic balancing begin at the

planning stage. The system should be divided into separate

logical sections (subareas): supply pipes, risers, floor

distribution, radiators and thermostats. The advantages and

disadvantages of the most common systems of distribution are

described in chapter 3.1.2.

Next, the required valves are determined for the supply pipes,

risers, floor distribution and radiators. You also need to plan

where the appropriate shut off valves will be located in the

system, which can be used to isolate different parts of the

system in case of repairs or construction work.

The dimensioning of the pipework is then designed, along with

determining the position of the balancing valves and selecting

suitable speed-regulated pumps.

3.1.1 Determining the required mass flow
rates

In new systems, the required mass flow rates of the individual

consumers can be calculated using the heat or cool load and the

final dimensions of the heat exchangers. This usually provides

reliable planning values. In old systems, the heat or cool load

cannot be calculated, or at least not easily. Alternatives are

therefore required in order to determine the required mass flow

rate as accurately as possible. It may help to consider that a

deviation in the mass flow rate of approx. ± 10% of the demand

can hardly be noticed (see fig. 2). A system balanced within this

tolerance range therefore saves more energy than an

unbalanced system. In an unbalanced system, the inefficient

consumers can only be supplied by increasing pump energy.

Here, it is helpful to determine the overall requirements of the

building. This value can be divided among the different rooms

according to area in square metres. Some additional

adjustments are still required to take different proportions of

external surface area and window surface area into account.

Calculation of overall energy demand according to

available cost calculations

When replacing or renovating a heating system, records of

energy costs in recent years are often available. If the hours in

which the heating system was in operation are also known, you

can calculate the heat requirement of the building using the

following formula:

P Radiator power

K Heat transfer coefficient

A Radiator surface, from manufacturer’s documentation

∆ϑ average logarithmic temperature difference from
supply temperature, return temperature and
room temperature

P = K  x  A  x ∆ϑ

PB Building heat requirement

Ba Annual fuel consumption

Hu Heating value

ηtot Annual degree of utilization (from manufacturer’s
documentation or standards)

bvH Operating hours

Ba x Hu x ηgesPB =
bvH

(ϑS - ϑi) - (ϑR - ϑi)ϑ∆ = ϑS - ϑi  ln ( )ϑR - ϑi
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q = 0.65  x 51.6 kg/h  = 33.54 kg/h

Example:

Fig. 14: Radiator diagram for nominal conditions
ϑS=90°C, ϑR=70°C, ϑi Room=20°C

The nominal heat output of an installed radiator is 1200 W at

90/70/20°C. We need to know the actual heat output and the

required mass flow rate at the selected system temperatures of

50/40/20°C.

The power output is then

The nominal mass flow rate at heat output 1200 W is

The required mass flow rate can now be derived

In some circumstances, it is necessary to further reduce the

calculated heat output and therefore also the mass flow rate, as

the nominal output has been calculated under ideal conditions.

Other influencing factors are, for example, installation in radiator

alcoves or behind cladding, and the type of pipe connection

used:

Tab. 1: Reduced power due to particular installation situations

Fig. 15: Reduced power due to particular connection variants

Radiator diagram, n=1.3

Mass flow rate q

 H
ea

t o
ut

pu
t P

∆ϑR = ϑR−ϑiRoom

∆ϑS = ϑS−ϑiRoom

65 %

31 %

P = 0.31 x 1200 W = 372 W

Reduced output due to installation type

Under shelves or window sills -2% … -4%

In alcoves, open at the front -4% … -8%

Behind radiator cladding,

open at the top -4% ... - 8%

Behind radiator cladding,

closed at the top -15% ... - -25%

P Performance of the heating medium in W

q Mass flow rate in kg/s

cp Specific heat capacity of the medium

cp = 4186 J/kg K for water at 60°C

ϑS Supply temperature in °C

ϑR Return temperature in °C

In the manufacturer’s documentation, the “standard

performance” PN for the nominal conditions according to

DIN EN 442, which is calculated based on ϑS=75°C, ϑR=65°C,

ϑi Room=20°C. The power output is often also specified according

to the old standard at ϑS=90°C, ϑR=70°C, ϑi Room=20°C. If the

supply and return temperatures deviate from these conditions,

the actual radiator output is also lower. The actual power output

of a radiator is calculated according to the formula:

The heat emitted is supplied by the heating medium and

calculated according to the formula:

The general rules named above are illustrated in the radiator

diagram (fig. 14 and on page 14). With the aid of this diagram,

you can therefore work out the actual power output for a known

nominal heat output for the selected supply and return

temperatures.

P Actual heat output of the radiator

PN Nominal heating performance at 90/70/20°C or
75/65/20°C

ϑ∆N Average logarithmic temperature difference under
nominal conditions 90/70/20°C or 75/65/20°C

ϑ∆N  = 59.44 K at 90/70/20°C

ϑ∆N  = 49.83 K at 75/65/20°C

ϑ∆ Average logarithmic temperature difference under
initial design conditions

n Radiator exponent, approx. 1.3.
More precise specifications can be found in the
manufacturer’s documentation.

P = q x cp x (ϑS - ϑR)

ϑ∆N
P= PN x ( )n

ϑ∆

1200 W
qN = = 0.014 kg/sec = 51.6 kg/h

4186 J/kg K  x 20 K
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Supply 

Return

Supply Return

No large temperature drop can be achieved between supply

and return.

Hydronic balancing: Balancing between the loops is not a

major problem, because these are designed as two-pipe

systems. In contrast, balancing with flow rate measurement in

the individual radiators within the loop is not possible, as there

are no opportunities to take measurements. In this case, the

only option is to balance the (very small and therefore difficult to

measure!) temperature differences using the individual radiators.

Radiator heating in a two-pipe system with star formation

In contrast to the one-pipe system, in this case the individual

radiators are not connected by a loop, but rather each radiator

is connected to the distributor in a star formation.

Fig. 18: Two-pipe installation with manifold

• Advantages::::: All radiators have the same supply

temperature. This makes design relatively simple and

transparent. Thermostatic radiator valves have little influence

on the heat output of neighbouring radiators. Fewer risers,

thus saves material and labour. Installation of radiators can

be done by auxiliary personnel (no welding necessary). Meter

reading for  individual flats is possible.

• Disadvantages: Generally greater pipe friction loss than

in conventional two-pipe heating systems, pipes are longer

and of smaller size.

Hydronic balancing: Hydronic balancing is simple. The

measuring points for flow rate measurement are best located in

the manifold cabinet.

3.1.2 Influence of the heat emission system

Radiator heating in a two-pipe system

Two pipes are laid to every radiator, one for supply, and one for

return. In central Europe, two-pipe systems with cellar

distribution and riser pipes are the most common type of

system.

Fig. 16: Two-pipe installation with risers

• Advantage: Radiators have a relatively low inertia, and can

therefore be easily controlled. All radiators have the same

supply temperature. This means that the design is relatively

simple and transparent, and thermostatic radiator valves

have relatively little influence on the heating output of

neighbouring radiators. These systems also have a long

lifespan and subsequent alterations and enhancement are

simple.

• Disadvantage: These systems require considerably more

input of resources in terms of materials and work than single

pipe systems. Heat metering of  individual flats in systems

with risers is not possible.

Hydronic balancing: Ideal conditions for simple balancing. All

balancing strategies and methods described above can be

used.

Radiator heating in a one-pipe system

The supply and return pipes are connected to the radiators by a

circular loop made of copper, soft steel, or plastic pipes. These

are usually laid in the floor. It is also possible to lay them in the

skirting boards (e.g. in renovations).

Fig. 17:    One-pipe installation

•  Advantage: Fewer riser pipes and saves material and labour.

   The loops can be installed by auxiliary personnel (no welding

   necessary). Heat metering per individual flat is possible.

•  Disadvantage: Uneven water temperature in the radiators

   and therefore difficult to design. Thermostatic radiator valves

   influence the heating performance of downstream radiators.
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3.2 Preparations in the System
1. Study the position of the supply pipes, risers, floor

distributors, radiators and thermostats on the construction

plans and the specifications, check the flow rate, pressure

drop, and control position of each valve.

2. All shutoff valves and balancing valves must be opened - set

the control valves according to calculations or estimation. If

the system is equipped with thermostatic radiator valves,

all valves on the calculated nominal flow must be set to the

calculated design flow. This setting can prove very difficult:

• The valves have been designed for different

proportional ranges Xp.

• A proportional range Xp can not be set manually.

• The radiator thermostat opens the valve more or

less depending on room temperature.

Due to their particular construction, Honeywell thermostatic

radiator valves are limited to a maximum proportional range

of Xp = 3 K. This enables you to achieve a value close to the

required value when the thermostatic radiator valves are

taken off during balancing. Presettable valves therefore also

need to be set to the calculated value.

3. If the radiators are connected using 3-way bypass valves,

the pressure drop across the bypass should be identical to

the pressure drop across the heat exchanger. If this is the

case, the hydronic relationships are the same in every

operating state.

4. Set all the balancing valves to the presetting specified in the

construction plans. If no data is available, set the valves to an

estimated level. The valve furthest from the pump should be

completely open. The closer the valve is to the pump, the

smaller the required valve presetting.

5. Ensure that you have access to the flow diagrams and

data sheets for the valves used.

6. To avoid later problems, thoroughly rinse and bleed the

system before hydronic balancing is performed.

7. Then check the filling pressure and refill water if necessary.

System balancing should be recorded so that the system data

is available if any building work takes place later.
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first approximate quotient is estimated at R=1.15. The circuits

1, 2 and 3 are then set to this value with the aid of the measuring

device. This starts at the circuit with the highest quotient. In our

example, the circuits are therefore set in the order 2, 3 and

then 1. During the setting process, the individual circuits

influence each other. Water that is restricted in one circuit

remains available, but simply takes another route. For this

reason, a step-by-step procedure is required. In the second

run, for example, the settings are made to a quotient of 1.20.

The system is balanced when all circuits are balanced to the

same quotients (within a certain tolerance range). In this

example, the quotients could be as follows after the second

measurement:

4.3 Reducing the Quotients to R=1.0
All circuits are now in balance with each other, and the flow rate

is too high by a factor of approximately R=1.2. The flow rate

must therefore be reduced centrally, e.g. by balancing to the

next highest level. If no higher levels are available, it is possible to

set the pump to a lower level or exchange the pump with a

smaller type. This also saves electrical energy.

Actual flow rate qactual
Flow quotient R =

Target flow rate qtarget

Measure- Measure- Measure-   Result
ment 1 ment 2 ment 3

Review Run Run Run
1 2 3

Target- Actual-
Flow Flow

Measuring rate rate Quotient Quotient Quotient Quotient
point   qtarget (kg/h) qactual R R R R

Circuit 1 955 1165 1.22

Circuit 2 225 353 1.57

Circuit 3 515 695 1.35

Circuit 4 215 232 1.08

4. THE PROPORTIONAL
METHOD

The simplest and most common method for hydronic balancing

of heating or cooling systems is the “proportional method”. This

method is therefore explained in more detail using an example.

The proportional method is called such because all values

behave and change in relation to each other.

With the proportional method, heating and cooling systems are

hydronically balanced in three steps:

1. Measurement of the actual flow rate and comparison with

required flow rates

2. Balancing of the system

3. Restriction of the pump or balancing of the next level

(e.g. circuit level, see chapter 2.4.2)

4.1 Measuring the Actual Flow Rate
The established actual flow rate and the desired target flow rate

are used to determine the quotient of the relevant part of the

system:

The values for each circuit are recorded in the measuring log:

NOTE:

• If all quotients >1, the system or part of the system is

overdimensioned.

• If all quotients <1, the system or part of the system is

underdimensioned.

4.2 Balancing Circuits
The least efficient circuit can be identified by the lowest quotient,

in our example this is circuit 4. No further throttling should be

performed here, to avoid pump energy being wasted. The

quotient of the least efficient circuit acts as the reference value

for setting the rest of the circuits. Depending on the

characteristic curve of the pump and network, the final value

may deviate more or less from the reference value (greater flow

rates thus have relatively more influence). For our example, the

Measure- Measure- Measure-   Result
ment 1 ment 2 ment 3

Review Run Run Run
1 2 3

Target- Actual-
Flow Flow

Measuring rate rate Quotient Quotient Quotient Quotient
point   qtarget (kg/h) qactual R R R R

Circuit 1 955 1165 1.22 1.15 1.20 1.20

Circuit 2 225 353 1.57 1.15 1.20 1.20

Circuit 3 515 695 1.35 1.15 1.20 1.19

Circuit 4 215 232 1.08 ? ? 1.21
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Pipe friction diagram

q 
[k

g/
h]

The pressure losses depend on several factors, including the

roughness of the internal surface of the pipes and the density of

the medium. They can be calculated or derived from diagrams.

Fig. 21 shows a diagram of this type for steel pipes and heating

water at 40°C.

Fig. 21: Pipe friction diagram for determining pressure loss
in parts of the system, in mbar/m

Tab. 2:     Pressure loss of different sections of piping

Riser A1 Riser A2 Riser B1 Riser B2

Circuit A Circuit B

Main Circuit

5. CALCULATION EXAMPLES
Following the description of hydronic balancing by measurement

and adjustments in the previous sections, this section explains

the estimated determination of thermostatic radiator valve

settings, balancing valves, and differential pressure regulating

valves based on two small examples. This calculation is normally

sufficient, as a stationary state is assumed when designing the

thermostatic radiator valves (see section 2.1.1).

Fig. 19: Circuit diagram for the calculation example

5.1 Example of Thermostatic Radiator
Valve Dimensioning

The model for the example is based on riser A1 and A2 in above

circuit diagram. In the first step, the piping is dimensioned, and the

dimensioning of the thermostatic radiator valves and lockshield

valves is determined. To do this, the radiator length and the pipe

lengths must be known.

The dimensioning of the pipes

requires at least a maximum

permissible speed to prevent flow

noises.

Radiator connectors are cal-

culated with a maximum speed

of 0.5 m/s, while 1.5 m/s is more

normal for main distributor pipes.

This speed, however, causes

great pressure loss in the pipes,

which requires high pump output.

To limit pump output, the pressure

losses in smaller systems

are therefore set between

0.5 mbar/m and 1 mbar/m, and

in larger systems between

1 mbar/m and 2 mbar/m. This

example is based on a maximum

pressure loss R ≤ 1.5 mbar/m.
Fig. 20: Circuit diagram for

the calculation
example details

Riser A1

Section q L ∆ppipe ∆ppipe

S (kg/h) (m) Dim. mbar/m mbar

1 90 3.60 3/8" 0.72 2.59
2 90 3.10 3/8" 0.72 1.30
3 75 0.10 3/8" 0.53 0.05
4 75 0.10 3/8" 0.53 0.05
5 165 3.50 1/2" 0.65 2.28
6 165 3.50 1/2" 0.65 2.28
7 75 0.10 3/8" 0.64 0.06
8 75 0.10 3/8" 0.64 0.06
9 240 3.50 1/2" 1.25 4.38

10 240 3.50 1/2" 1.25 4.38
11 85 0.10 3/8" 0.64 0.06
12 85 0.10 3/8" 0.64 0.06
13 325 1.00 3/4" 0.50 0.50
14 325 0.50 3/4" 0.50 0.25
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Note that a large proportion of the pressure loss is generated

by the thermostatic radiator valve and the loss from the pipe

and lockshields are almost negligible. For this reason, it is not

necessary to determine the pressure loss for T-joints, bends

etc.. The pressure loss from the radiator itself is also negligible.

In contrast, pressure loss from fan coil units or heat exchangers

can be in the range of several 100 mbar and must be included in

the overall calculation.

The system is balanced, when the sum of all pressure losses

across the individual flow routes is equal. To achieve this, the

individual pressure losses are compared in the table below:

Tab. 4: Pressure loss balance in riser A1

This overview shows that the greatest differential pressure is

required to supply the highest radiator, HK1. The supply to this

radiator is therefore the least efficient flow route. To avoid

oversupply of radiators HK2, HK3 and HK4, the same differenti-

al pressure is required. This means that the thermostatic

radiator valve must also increase this differential pressure:

Required differential pressure for the thermostatic radiator

valve at HK2:

∆pTHV, target = ∆pTHV +  ∆pDifferential = 33.46 +  19.37 = 52.83 mbar

Required differential pressure for the thermostatic radiator

valve at HK3:

∆pTHV, target = ∆pTHV +  ∆pDifferential = 33.46 +  23.93 = 57.39 mbar

Required differential pressure for the thermostatic radiator

valve at HK4:

∆pTHV, target = ∆pTHV +  ∆pDifferential = 42.98 +  22.58 = 65.56 mbar

In the function diagram of the thermostatic radiator valve type V,

we now need to find the intersection between the mass flow rate

and required differential pressure.

Fig. 22: Function diagram for V type thermostatic radiator
valve

Dimensioning with V type thermostatic radiator valve

For determining the least efficient flow route, the pressure losses

of the open thermostatic radiator valves and lockshield valves

are taken from the manufacturer’s diagrams or calculated using

the Kv-value in the first calculation run. Presettable valves are

designed with preset values or Kv values of  Xp ≤ 2 K. For the V

type thermostatic radiator valve, this is Kv=0.41.

The mass flow rates in kg/h have been determined for the

individual radiators from the dimensioning of the radiators, (see

fig. 20). For the above formula, however, we need the volume

flow in m3/h. The mass flow therefore needs to be converted to

the volume flow using the density ρ. The density of water at 4°C

ρ = 1 kg/dm3 and at 90°C, is still ρ = 0.96 kg/dm3. For this

reason, the conversion is not used in practice and the factor 1 is

used for all temperatures. This results in the following values:

V type thermostatic radiator valves

Tab. 3: Riser A1, pressure losses at thermostatic radiator
valve connectors and pipes

Kv  = V /  ∆p ∆p = ( V / Kv )2

L ∆p
Dim. m mbar/m HK1 HK2 HK3 HK4

q kg/h 90 75 75 85
∆pvalve mbar 48.19 33.46 33.46 42.98
∆pLockshield mbar 2.80 1.95 1.95 2.50

∆ppipe S1 mbar 3/8 3.6 0.72 2.59

∆ppipe S2 mbar 3/8" 3.1 0.72 1.30

∆ppipe S3 mbar 3/8" 0.1 0.53 0.05

∆ppipe S4 mbar 3/8" 0.1 0.53 0.05

∆ppipe S5 mbar 1/2" 3.5 0.65 2.28 2.28

∆ppipe S6 mbar 1/2" 3.5 2.28 2.28

∆ppipe S7 mbar 3/8" 0.1 0.53 0.05

∆ppipe S8 mbar 3/8" 0.1 0.53 0.05

∆ppipe S9 mbar 1/2" 1.0 1.25 4.38 4.38

∆ppipe S10 mbar 1/2" 0.5 1.25 4.38 4.38

∆ppipe S11 mbar 3/8" 0.1 0.66 0.07

∆ppipe S12 mbar 3/8" 0.1 0.66 0.07

∆ppipe S13 mbar 3/4" 1.0 0.50 0.50 0.50 0.50 0.50

∆ppipe S14 mbar 3/4" 0.5 0.50 0.25 0.25 0.25 0.25

Kv Flow capacity in m3/h at 1 bar pressure loss
V Volume flow in m3/h
∆p Pressure loss in bar

Highest-level radiator HK1:

∆p = ( V/Kv )2 = (0.09 m3/h / 0.41)2 = 0.048 bar = 48.19 mbar

Middle radiators HK2 and     HK3:

∆p = (0.075 m3/h / 0.41)2 = 0.03346 bar = 33.46 mbar

Lower radiator HK4:

∆p = (0.085 m3/h / 0.41)2 = 0.04298 bar = 42.98 mbar.

Lockshield valve, Verafix, angle pattern:

Highest radiator HK1:

∆p = ( V/Kv )2 = (0.09 m3/h / 1.7)2 = 0.0028 bar = 2.80 mbar

Middle radiators HK2 and     HK3:

∆p = (0.075 m3/h / 1.7)2 = 0.00195 bar = 1.95 mbar

Lower radiator HK4:

∆p = (0.085 m3/h / 1.7)2 = 0.00250 bar = 2.50 mbar

L ∆p
Dim. m mbar/m HK1 HK2 HK3 HK4

q kg/h 90 75 75 85
∆ptotal mbar 68.95 49.58 45.02 46.37

∆pDifferential mbar 19.37 23.93 22.58
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Or, the presetting is determined based on the Kv value and the

presetting table:

Tab. 5: Presetting and Kv value for V type thermostatic

radiator valve

Dimensioning with BB type thermostatic radiator valve

In the previous example, the presettings of the lower radiators

are the same, and only the presetting for the radiator with the

longest flow route is slightly higher. This is because the mass

flow rates only vary slightly. The necessity for balancing in this

case is mainly a result of the varying flow routes. In installations

of this type, it is sufficient if the radiators are connected via the

more cost-effective BB type thermostatic radiator valve.

The following example shows a calculation of the riser A2 with

the BB type thermostatic radiator valve. The pressure losses of

the pipes are taken from the pipe friction diagram as before. To

determine the least efficient flow route, in this example, in the first

calculation the pressure loss of the open / non-preset

thermostatic radiator valve is applied. For limited thermostatic

radiator valves, it is still common practice to start the calculation

with the Kv value at Xp = 3 K. In the example, the Kv value

Kv = 0.52 is used for the calculation.

The water volumes for the individual radiators are:

This results in the following values:

BB type thermostatic radiator valves

Lockshield valve, Verafix, angle pattern:

The result is listed in the table below:

Tab. 6: Pressure loss balance in riser A2

Required differential pressure for the thermostatic radiator

valve at HK2:

∆pTHV, target = ∆pTHV +  ∆pDifferential = 15.63 + 12.66 = 28.29 mbar

Required differential pressure for the thermostatic radiator

valve at HK3:

∆pTHV, target = ∆pTHV +  ∆pDifferential = 15.63 + 16.24 = 31.87 mbar

Required differential pressure for the thermostatic radiator

valve at HK4:

∆pTHV, target = ∆pTHV +  ∆pDifferential = 20.80 + 19.37 = 40.17 mbar

V 1 2 3 4 5 6 7 8

Xp=1 K Kv 0.04 0.06 0.13 0.16 0.19 0.19 0.19 0.19

Xp=2 K Kv 0.04 0.08 0.20 0.29 0.33 0.35 0.38 0.41

Xp=3 K Kv 0.04 0.09 0.21 0.34 0.42 0.44 0.51 0.55

L ∆p
Dim. m mbar/m HK1 HK2 HK3 HK4

q kg/h 80 65 65 75
∆pvalve mbar 23.67 15.63 15.63 20.80
∆pLockshield mbar 2.21 1.46 1.46 1.95

∆ppipe S1 mbar 3/8" 3.6 0.59 2.12

∆ppipe S2 mbar 3/8" 3.1 0.59 1.83

∆ppipe S3 mbar 3/8" 0.1 0.43 0.04

∆ppipe S4 mbar 3/8" 0.1 0.43 0.04

∆ppipe S5 mbar 1/2" 3.5 0.51 1.79 1.79

∆ppipe S6 mbar 1/2" 3.5 0.51 1.79 1.79

∆ppipe S7 mbar 3/8" 0.1 0.43 0.04

∆ppipe S8 mbar 3/8" 0.1 0.43 0.04

∆ppipe S9 mbar 1/2" 3.5 0.98 3.43 3.43

∆ppipe S10 mbar 1/2" 3.5 0.98 3.43 3.43 3.43

∆ppipe S11 mbar 3/8" 0.1 0.05

∆ppipe S12 mbar 3/8" 0.1 0.05

∆ppipe S13 mbar 3/4" 1.0 0.37 0.37 0.37 0.37 0.37

∆ppipe S14 mbar 3/4" 0.5 0.19 0.19 0.19 0.19 0.19

∆ptotal mbar 40.83 28.17 24.59 21.46

∆pDifferential mbar 12.66 16.24 19.37

Presetting HK2:

Kv  = V / √∆p  = 0.075 kg/h /  √0.05283  = 0.33 V = 5

Presetting HK3:

Kv  = V / √∆p  = 0.075 kg/h /  √0.05739  = 0.31 V = 5

Presetting HK4:

Kv  = V / √∆p  = 0.085 kg/h /  √0.06556  = 0.33 V = 5

The above table only contains a preset value that corresponds

to the calculated Kv value for the radiators HK2 and HK4. The

setting is therefore very simple, presetting 5. The calculated Kv

value for the radiator HK3 is between the settings V = 4 and

V = 5. The setting V = 5 is also selected in this case. The valve

is then set between Xp=2K and Xp=1K.

Highest-level radiator HK1:

∆p = ( V/Kv )2 = (0.08 m3/h / 0.52)2 = 0.0237 bar

∆p = 23.67 mbar

Middle radiators HK2 and HK3:

∆p = (0.065 m3/h / 0.52)2 = 0.01563 bar = 15.63 mbar

Lower radiator HK4:

∆p = (0.075 m3/h / 0.52)2 = 0.02080 bar = 20.80 mbar

Highest radiator HK1:

∆p = ( V/Kv )2 = (0.08 m3/h / 1.7)2 = 0.00221 bar = 2.21 mbar

Middle radiators HK2 and HK3:

∆p = (0.065 m3/h / 1.7)2 = 0.00146 bar = 1.46 mbar

Lower radiator HK4:

∆p = (0.075 m3/h / 1.7)2 = 0.00195 bar = 1.95 mbar

 Radiator HK1 HK2 HK3 HK4

 Water volume 80 kg/h 65 kg/h 65 kg/h 75 kg/h
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Bedroom
1574W

Dining 
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1208W

Living room
1418W

Child's room
1990W

Kitchen
577W

Bath-
room
134W

Fig. 24: Horizontal distribution, originating from one
heating circuit distributor

In practice, horizontal systems of this type are available in

copper, soft steel, plastic, or composite pipe. The same

standard pipe diameter is used for all radiator connections,

regardless of the required mass flow rate. In this example, the

installation has 16 x 2 mm plastic pipes. Depending on the

length of the pipe and the mass flow, the following pressure

losses result:

Tab. 7: Pressure losses when connecting via heating circuit
distributors

The same applies here: The system is balanced when the

pressure loss is equal across several flow paths. To determine

the presetting, you therefore need to calculate the least efficient

flow route and the required pressure via the thermostatic

radiator valve. Together with the mass flow rate, this results in

the Kv value, which is set using the presetting.

Tab. 8: Determining the presetting

In the function diagram of the thermostatic radiator valve, we

now need to find the intersection between the mass flow rate

and required differential pressure. For all radiators, this is within

the proportional range Xp=1K….3K.

Fig. 23: Function diagram for BB type thermostatic radiator
valve

Summary:

The system is thus balanced without any further presettings.

Dimensioning for horizontal distribution, originating from

one heating circuit distributor.

In some regions, radiators are not connected as described

above using vertical ascending pipes, but through horizontal

distributor pipes within the living space. With this installation

method, there are two possible variants:

Connection of the radiators in a type of tree structure with

one main pipe and several supply pipes branching off it :

In this case, the same hydronic general rules apply that were

described in the previous examples, so there is no need to enter

into detail at this point.

Individual connection of the radiators, starting from one

heating circuit distributor:

This connection method simplifies the calculation considerably,

as, apart from the pressure loss from the fittings, there is only

the friction loss from the pipes to consider in each flow circuit

(see fig. 18). This procedure is explained with the following

example.

q [ kg/h]

Room Bath Bed Dining Living Child Kitchen1 Kitchen2

Flow rate [kg/h] 6.00 68.00 52.00 61.00 86.00 24.00 25.00

Pipe Ø 16x2 16x2 16x2 16x2 16x2 16x2 16x2

Length [m] 1.50 21.00 13.50 17.00 13.50 8.70 4.50

∆ppipe [mbar] 0.04 20.00 8.10 13.00 20.00 1.40 0.70

∆pradiator [mbar] 0.00 0.76 0.44 0.59 1.17 0.09 0.09

∆pTRv [mbar] 0.21 27.51 16.09 22.14 44.00 3.43 3.72

∆preturn flow [mbar] 0.02 2.24 1.31 1.80 3.58 0.28 0.30

∆ptotal [mbar] 0.27 50.51 25.94 37.53 68.75 5.20 4.81

Room Bath Bed Dining Living Child Kitchen1 Kitchen2

Flow rate [kg/h] 6.00 68.00 52.00 61.00 86.00 24.00 25.00

∆ptotal [mbar] 0.27 50.51 25.94 37.53 68.75 5.20 4.81

Difference [mbar] 68.48 18.24 42.81 31.22 0.00 63.55 63.13

Required
∆pTRV [mbar] 68.69 45.75 58.90 53.36 44.00 66.98 67.66

Kv-value 0.02 0.32 0.21 0.26 0.41 0.09 0.10

Pre-
setting 1 5 4 4 8 3 3

XP K 1.30 1.95 1.38 1.77 2.00 0.68 0.74
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∆p = 40.83 mbar + 49.16 mbar = 89.99 mbar

Presetting

At the balancing valve in circuit A2, an additional differential

pressure of 49.16 mbar needs to be generated. The required

differential pressure at this valve is then:

The corresponding presetting can be read from the diagram of

the selected valve.

Fig. 26: Function diagram Kombi-3-plus, BLUE, DN 20

Or it is calculated using the Kv-value and the relevant table.

Tab. 10: Presetting and Kv-value Kombi-3-plus, BLUE, DN 20

The required presetting is 0.8.

V 0.3 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

KV 0.68 0.72 0.84 0.97 1.10 1.30 1.50 1.70 1.90

V 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6

KV 2.10 2.30 2.50 2.70 2.91 3.12 3.36 3.60 3.86

V 3.8 4.0 4.2 4.4 4.5 4.6 ... 5.9 = open

KV 4.12 4.40 4.69 4.99 5.14 5.28 ... 6.40

5.2 Dimensioning Examples for Balancing
and Regulating Valves

To calculate the system balancing, the same principle is applied

as when dimensioning the thermostatic radiator valves. The

circuit water volume and the required differential pressure for

supply can be compared with the water volume of a radiator or

heat exchanger and its differential pressure. The balance then still

has to be enhanced to include the balancing valves and the

pressure losses of the connecting pipes.

Fig. 25: Circuit balancing using Kombi-3-plus

Circuit A1:

Differential pressure of Kombi-3-plus, RED:

Tab. 9: Pressure loss balance when balancing circuits

Kv  = V /  ∆p  = 0.285 kg/h /   0.08999  = 0.95

Riser A1

Circuit A

Riser A2

Dim. L ∆p Circuit A1 Circuit A2

q kg/h 325.00 285.00

∆pKombi-3-RED mbar 5.22 4.01

∆pKombi-3-BLUE mbar 2.58 1.98

∆pcircuit mbar 86.95 40.83

∆ppipe S15 mbar 3/4" 5.0 0.50 2.50

∆ppipe S16 mbar 3/4" 4.5 0.50 2.25

∆ppipe S17 mbar 3/4" 4.5 0.37 1.67

∆ppipe S18 mbar 3/4" 5.0 0.37 1.85

∆ptotal mbar 99.50 50.34

∆pDifferential mbar 49.16

∆p = ( V/Kv )2 = (0.325 m3/h /4.5)2 = 0.00522 bar = 5.22 mbar

Differential pressure of Kombi-3-plus, BLUE, without presetting:

∆p = ( V/Kv )2 = (0.325 m3/h /6.4)2 = 0.00258 bar = 2.58 mbar

Circuit A2:

Differential pressure of Kombi-3-plus, RED:

∆p = ( V/Kv )2 = (0.285 m3/h /4.5)2 = 0.00401 bar = 4.01 mbar

Differential pressure of Kombi-3-plus, BLUE, without presetting:

∆p = ( V/Kv )2 = (0.285 m3/h /6.4)2 = 0.00198 bar = 1.98 mbar
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q = qriser 1  + qriser 2

qriser 1 =  90 kg/h + 75 kg/h + 75 kg/h + 85 kg/h

qriser 1 =  325 kg/h

qriser 2 =  80 kg/h + 65 kg/h + 65 kg/h + 75 kg/h

qriser 2 =  285 kg/h

q = 325 kg/h + 285 kg/h = 610 kg/h

The required dimension of the differential pressure control valve

can be simply described using the characteristic curve diagram

of the valve.

Fig. 28: Characteristic curves for the differential pressure
control valve (automatic balancing valve)

The diagram for the standard size DN20 shows an intersection

at 1000 kg/h with the set differential pressure 0.1 bar. The value

is higher than the required water volume 610 kg/h, so the valve

is big enough.

The required differential pressure is calculated from the pressure

loss of the least efficient circuit and the pressure loss of the

circuit sections 15 and 16. The least efficient circuit in our

example is the riser A1 (see Tab. 9).

The pressure loss is ∆p = 99.5 mbar.

The pressure losses of the connecting  sections 15 and 16 and the

overal balance are taken from the table below:

Tab. 11: Pressure loss balance in circuit

The required differential pressure 102.5 mbar is slightly higher

than the factory setting for the differential pressure of 100 mbar.

The valve is therefore sufficiently dimensioned.
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5.3 Dimensioning Example for the Circuit
Differential Pressure Regulator

After calculation, the next step for hydronic balancing is to

balance the subsidiary circuits. This can be performed as

described earlier, using manual throttle valves, or also with an

automatic differential pressure control valve. As we have already

described the calculation processes for the manual valves, we

will now explain the dimensioning of the differential pressure

control valve.

The differential pressure control valve provides a maximum

differential pressure and a maximum water volume for the

downstream circuit. Its dimensioning can therefore be

compared to that of a pump.

Fig. 27: Hydronic balancing using the differential pressure
control valve

The water volume is formed from the sum of the water volume in

riser A1 and A2:

Riser A1

Circuit A

Riser A2

L ∆ p Circuit
Dim. m mbar/m  A1

q kg/h 610.00

∆pcircuit mbar 99.50

∆ppipe S15 mbar 3/4" 3 0.50 1.50

∆ppipe S16 mbar 3/4" 3 0.50 1.50

∆ptotal mbar 102.50
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∆p = 100 mbar + 15 mbar = 115 mbar

If the calculation results in a differential pressure of more than

100 mbar, the target value of the membrane control valve can

also be increased. Each turn of the spindle on the membrane

control valve raises the target value by 15 mbar. After it is

turned once, the set differential pressure is therefore:

If the required differential pressure is lower than the factory

setting, a larger amount of water flows than is actually required.

For further optimization, the differential pressure of the valve can

be reduced to the pressure that is actually required, using the

counter spring no, VA2502A001. This accessory reduces the

factory-set lowest differential pressure to 0.05 bar. By adjusting

the target value setting of the membrane control valve, the

required value is then set. One turn of the target value spindle

increases the differential pressure by 15 mbar. To increase the

pressure by 50 mbar, e.g. to 72.5 mbar, therefore requires

1 1/2 turns.

The controller is now set to exactly the required differential

pressure. This means that only the required water volume of

610 kg/h is permitted to flow, even if the max. capacity of the

controller is 1000 kg/h.

The characteristic curve levels off at a pump pressure of

p0=0.2 bar. The available pump pressure in the circuit must

therefore be 0.2 bar.

With this setting, the circuit is automatically and dynamically

balanced. This means that when individual thermostatic radiator

valves close under partial load conditions, the supply pressure

does not increase: the other thermostatic radiator valves only

receive the water volume that they require, and energy is saved.
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Upgrades: Kombi-3-plus, RED and BLUE with diaphragm

unit

If required, the Kombi-3-plus, BLUE can be subsequently fitted

with the diaphragm unit. The manual throttle valve then becomes

an automatic differential pressure control valve

• Upgrade without interrupting operation

• Automatic hydronic balancing, including under partial load

conditions

• Time consuming measuring and calibration is no longer

necessary

• No flow noises

Technical data sheets

Technical data sheets on Kombi-3-plus valves can be down-

loaded from our Internet site.

http://europe.hbc.honeywell.com/products/.htm

The website also includes software to help you quickly locate

the correct valve pre-settings.

http://www.honeywell-valvesizing.com

6. PRODUCT OVERVIEW

6.1 Kombi-3-plus
The Honeywell Kombi-3-plus valve range consists of two valves

and three accessory parts:

• Kombi-3-plus, RED measuring and shut-off valve

• Kombi-3-plus, BLUE balancing and shut-off valve

• Kombi-DU diaphragm unit

• Measuring kit

• Draining adapter

The valves are maintenance-free due to an O-ring seal, and easy

to insulate as there are no additional connections on the valve

housing.

The special feature is that the accessories allow additional

functions to be subsequently added as required without

interrupting operation: measurement, regulation, draining, and

filling. All functions are performed via the valve spindle in the top

section and can be simply upgraded during normal operation of

the system.

The basics: Kombi-3-plus, RED and BLUE

The basic solution is already equipped for measuring or differen-

tial pressure control:

• Security from the start

• Fast upgradeability without interrupting operation
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2 3 4

6 7 8

10

5

11

For measuring range I and
measuring computers, turn
the hexagon to the right until
it stops. Corresponds to the
measuring adapter, old version

After measuring, close
flange

1

6.1.1 Operating instructions

Regulation

Precise presetting through finely-tuned preset values on the Kombi-3-plus, BLUE in the return pipe.

Measuring using the Honeywell measuring system

Measuring at the Kombi-3-plus, RED with defined Kv-value in the supply pipe and simultaneous flow rate setting (accurate to the litre)

on the Kombi-3-plus, BLUE in the return pipe.

1 2

4 5 6

Presetting - return pipe

Close the valve

Open the valve

9 12

Open the valve Set the adapter to the closed
position. The hexagon is
visible

When pulling, hold handwheel
in the opposite direction

If required,
use the measuring
probe for 11/4“- 3“

When pulling, hold
handwheel in the
opposite direction

Attach pipes

Measurement with the
MNG flow rate device,
for measuring range II, turn
hexagon to the left until it
stops. The red ring is visible

Open the flange

3
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Controlling differential pressure

Simple upgrade of the valve combination Kombi-3-plus, RED and BLUE by adding the diaphragm control unit. Or install the cost-

effective complete solution, from the start, consisting of the Stop Valve-3 and Kombi-3-plus, BLUE and Kombi-DU diaphragm unit.

Draining and filling

Simple filling and draining with the draining adapter.

2

4 5 6

1 3

  max. 3 Nm

Close the valve

Set the adapter to the
closed position, the
hexagon is visible

CAUTION !

Drain the supply
and return pipes

8765

41 2 3

DN10 - DN25 DN32 - DN40

min. 0,1 bar

SW 4
max. 0,3 bar

1

 
5

 

1

 
0

360° =
0,015 bar

^

43

6

Cu 6 x 1 mm

SW 17

SW 14

SW 17

1 2

5
17

14

17

14

Kombi-3-plus, BLUE

Kombi-3-plus, RED

SW 14
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6.2 V5032 Kombi-2-plus
Y-pattern shuttoff valve with red bronce housing, for heating and

cooling applications.

• For pres-setting and shutoff of pipelines, risers, heat

exchangers etc.

• Measuring function by using auxiliary method (see 2.5.4)

• DN15…DN40 retrofittable with Kombi-Diaphragm Unit for

automatic hydronic  balancing, including under partial load

conditions

• With draining function via adapter

• Compact design

6.4 V5015 Kombi-FC
Flow controller for applications with constant flow rates, e.g. fan

coil units, monotube radiator installations:

• Automatic hydronic balancing

• Shuttoff and draining / filling function

• Direct presetting of the needed flow rate

6.3 V5016 Kombi-PC
Differential pressure controller for higher flow rates, e.g. in

cooling applications or local district heating stations:

• Automatic hydronic balancing, including under partial load

conditions

• Shuttoff and draining / filling function
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6.5 V6000 Kombi-F-II
Flanged balancing and shutoff valve for hydronic heating and

cooling applications.

• Pre-setting by stroke limitation with digital position display

• With pressure test cocks for differential pressure

measurement.

6.7 V5100 Stop Valve-3
Y-pattern shuttoff valve with red bronce housing, for heating and

cooling applications.

• For shutoff of pipelines, risers, heat exchangers etc.

• With draining function via adapter

• Connection of impulse tube for Kombi-DU diaphragm unit

possible

• Compact design

6.8 VB550 Stop-Ball
Brass made shuttoff valve for heating and cooling applications.

• For shutoff of pipelines, heat exchangers etc.

• Quick and economical solution

• Compact design and easy to use

6.6 V9406 verafix-cool
Control valve with measuring function, e.g. for chilled ceilings

• Flow measuring and pre-setting at the same time

• Six-functions: control, pre-setting, shutoff, measuring,

draining and filling

• Compact design

• Robust, low noise, flow efficient valve housing
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