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1. Introduction

Once the consumption of the buildings has been determined, it is necessary to choose and size the
distribution system

Heat generation plant Primary network Substation Secondary network / Distribution system
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1. Introduction

Once the consumption of the buildings has been determined, it is necessary to choose and size the
distribution system

How to design the
pipes ?
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1. Introduction

Once the consumption of the buildings has been determined it is necessary to choose and size the
distribution system

Calculation of room Choice and sizing Sizing of the

heating needs of the emitters hydronic distribution
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2. Heat emitters

Which distribution systems and emitters are usually used with a DH network?

Radiator Heating floor Fan coil

o~

1l |

==  Price <=  Space
==  Easy to install ==  Comfort ==  Reversible
== Space mm Price mm Comfort

pr— Non-reversible pr— Inertia pr— Performance
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2.1 Radiators

il
Radiative
transfer
' Convective
e 10 = . transfer

J \WAVAVAVAVAVAVAVAV: )

= Type 11

= Type 20

TintTout .

Qcon = heonv A ( > Tair)

e Type 27

= Type 22

Natural convection depending on the
geometry and flow regime

& Type 33

SHaKE | Module 2 | 2023-1-HU01-KA220-HED-000160219




2.1 Radiators

o~
Radiative
transfer
' - Convective
transfer

- _ Tin+Tout

Qcon — hconv A ( 2 o Tair)

; _ Tmoy,rad*Top 3 TintTout : . .

Qrad = 4o¢ ( 5 ) A( 2 o Top) Qradiator — Qcon + Qrad

- TintTouy
Qraa = Nraa A ( > - — Tair) / \

~ 70% ~ 30%
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2.1 Radiators

According to European Norm EN-442 .

Radiative
transfer : _ n n
Qradiator = UAAT" = UA (Tmoy,rad o Tair)
Convective
transfer Determined through
standards based-test
1,3<n<1,5
Tin,rad Tout,rad Tmoy,rad

Different temperature regimes are
possible. A temperature regime is the
inlet and outlet water temperature of a
radiator at the design point (for example
for Toutdoor = _7OC)
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2.1 Radiators

According to European Norm EN-442 .
Radiative

t f : b
ranster Qradiator = UAAT™ = UA (TmOY»Tad - Tindoor)

[ J [ J [ J [ J [ J
Convective .
transfer
...... oy =5083x13149
y=80856XI70 e Re
..... ® .
............................ ®
............... . . y = 4,6958x1:3152
Y R A R2=1
- e Y "::""_'__.'.-‘-r"'".::'::_:.‘--’.""':.' .............. e
For the same heating power, R eI S ? ............................. oy EE 9702150
2 10 Wi LN eI Tk S S L G 2o
temperature has a larger — et ; 7274

darea
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2.1 Radiators

. n .
Qradiator = UA AT™ = UA (Tmoy,rad - Tindoor) = Myqq Cp (Trad,in - Trad,out)

——>—- Controller [ ---<--

Trad,out
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2.1 Radiators

. n .
Qradiator = UA AT™ = UA (Tmoy,rad - Tindoor) = Myqq Cp (Trad,in - Trad,out)

——>—- Controller [---<--
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2.2 Heating floor

Radiative
Convective
Towail Toir transfer
transfer
Ry qa I I Rconv s R Siding
Tsur f .
Qsup «—— Concrete screed
Rsidin
g
< Hot water tube
R I \ < Insulation
screed
N -:&\\

o Thf,in - Thf,out Qinf
Tmoy - 2

Qwater = mwater Cp (Thf,in _ Thf,out) - qup + Qinf

Rinsulation I
. Tmoy _ Tsurf n Tmoy - Tinf

Qwater -

Rsiding + Rscreed Rinsulation

Tings
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2.2 Heating floor

Radiative
Convective
~ 700 ~ 300 transfer
'/0\ »\ /o transfer
Q sup = Q h f = Q rad + Q COnv i R R R R e e e et R Sldlng
. Qsup < Concrete screed
Qraa = hyaa A (Tsurf - Top)
- Hot water tube
Qconv — hconv A (Tsurf o Tair)
\ - Insulation
N ~t~\\\\

Qinf

Limited to 28°C for health reason
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2.2 Heating floor

\

Controller
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2.2 Heating floor

Contrary to the radiators, the heating

floor has a certain inertia due to mass ——— \/ Y A———
of the floor (concrete, ...) and the

diffusion of the heat into the pipe

When the set point temperature is
reached, the water flow rate into the
pipes is stopped but the indoor
temperature continue to increase
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2.3 Fan coll

e « Afan coil can be composed of:
. .
-  Afilter

? - Afan

= * One or two heat exchangers
« Electrical resistance
« Condensate drip tray

+

4-pipe fan coil unit

2-pipe reversible fan coil unit
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2.3 Fan coll

Tq,in A Ta,out Eilter HO_JI( Cold
COl i
20 °C > 35°C coil Fan

Extracted
< /\/\/\/\/\/\/\/\ < air

Tw,out Tw,in

55 °C Water 65 °C ‘ ‘

+

Q = myCpg (Ta,out - Ta,in)

Compared to the radiator, the heat exchange is better with the

fan coil. Indeed, the latest works in forced convection leading Q = my Cpy (Tw'i" B TW'Out)
to better heat convection coefficient Q

min(rhana; TleCPw) (Tw,in - Ta,in)
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2.3 Fan coll

Ta)i«n Ta,out HOt COId

Air Filter coil coil
20 °C > 35°C Fan
>

Extracted
« NN

Tw,out

+
55 °C Water 65 °C ‘ ‘

Tw,in

Q = myCpg (Ta,out - Ta,in)
As only one HEX is used to supply heat and cold. For the
cooling mode the temperature regime is 7°C/12°C. So, to

! T Q = mepw(Tw,in - Tw,out)
avoid a lack of performance due to a HEX oversizing in
heating mode the temperature regime must be lower Q
E J—

min(’rhana; ThWCPw) (Tw,in - Ta,in)
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2.3 Fan coll

Air Alr

I | I
' [ A
. Water ! Water

| |
! 1 — < ! I
| 1 | I
| | |
I ; l v A
Controller |~ A Controller |~
\ 4
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3. Cold emitters

4=  Comfort <+  Comfort <=  Space
4 Reversible <= Reversible 4 Reversible
== Price m=  Price == Comfort

== Limited power == Limited power == Noise
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3.1 Fan coll

Ta,out 27 °C Hot Cold

<?°C Alr Ta,in Filter coil coil Fan

Extracted
> N\NNV VNV N > air

Tw,out

Tw,in
Water
7°C 12 °C

The cold battery operates the same way as the hot one (HEX).
Nevertheless, indoor air is humid and given the dew point
temperature, the condensation is possible
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3.1 Fan coll

Hot Cold

Ta,out 27 °C Filter coil coil Fan

<2°C Air Tain

VAVVAV e o

Tw,out

Water Ht_Jmidity
7°C 12°C ratio [g/kg]

Sy

Tw,in

0%

The cold battery operates the same way as the hot one (HEX).

Nevertheless, indoor air is humid and given the dew point
temperature, the condensation is possible

Saturation

cu Wﬁ_..%

[

| |
45 10 -5 0 510 15 20 25 30 35 40
Dew point temperature emperature oC
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3.1 Fan coll
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3.1 Fan coll
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3.1 Fan coll

thermometer whose bulb is covered
with a wet cotton and placed in a

Wet bulb temperature 6, [°C]: This is
stream of air (2 m/s)

is the temperature at which humid air
the temperature measured by a

would have to be cooled for water

Specific volume v [m3/kgqyy qir]
Dew point temperature 6,4, [°C]: This
vapor to begin condensing
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3.1 Fan coll
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3.1 Fan coll

Ta,out

27 °C
Air

Ta,in

NNV

<?°C

+
NNNVNVVNVAN |
> > ratio [g/kg]
- 25
Tw in Tw,out {
Water 0
7°C 12 °C ot 20
. . . 15
Q= Qs + Ql
. ) ) - 10
Q = Mgyir Cpair (Ta,in _ Ta,out) + Mecond Lv .
Saturation Relative |
curve humidity -+ 5
Meona = Mair (ra,in - ra,out)

% |

-15 -10 -5 0 5 10 15 20 25 30 35 40
Dew point temperature

' |‘10°/,o
s
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3.2 Cooling floor

Radiative
~ 70% ~ 30% transfer Convective

\ ‘\ transfer
qup =th = Praa + Peonv \/ \/

Qrad = hyqa A (Tsurf - Top) Csup

Qconv — hconv A (Tsurf - Tair)

« Siding

A

Concrete scre

Cold water
tube

Insulation

A

A

\ A\

Qinf

Limited to 18°C to avoid condensation
(in temperate climate far from the sea)
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3.3 Cooling floor

Insulation
~ 70% ~ 30%
o '\_ - \ - Osup ~ uminium diffuser
. Qing = Qcc = (de + Qcon)v \\\\\\\\ \\\\\\\\ / Al diff
Qraa = hraa A (Tsurr — Top « Cold water
Qconv = heony A (TS:rf ~ Tair) N\ oo I~ Plaster
Radiative Ct?gngxe

Limited to 18°C to avoid condensation transfert
(in temperate climate far from the sea)
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4. DHW

How to supply DHW through a DH network?

>— > > DHW

Recirculation loop

< Cold water
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4. DHW

How to supply DHW through a DH network?

Semi-instantaneous supply:

« Easy to install

> DHW _

« Small tank sized to cover the peak
consumption (10 min)
1 « Supply temperature up to 60°C
g Recirculation * Heat losses through the tank wall

— 4 < 4 loop

« A constant flow rate on both sides due to the
¢ Cold water recirculation loop (55°C)
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4. DHW

How to supply DHW through a DH network?
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4. DHW

How to supply DHW through a DH network?
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4. DHW

/Qinst = Cp (Tpaw — Tew) Viaay X 0,36 X6 X S

Cp (Touw — Tew) Vaay (0,65 — (0,36 5))

Tpear — 0,166

< Instantaneous

QSI € [Qinst; QSI,min =
T Semi- /

instantaneous

Cs; = 0,36 Vygy S — Cs1

6 Cp (Tprw—Tcw)

0,15 Cp(Tpuw — Tew)Vaay

Q ______ QSA € lQS[,min; QSA,min - T + TeCiTCu]
veak
Semi- / )sa Tpeq
. Css = 0,65 Vg, — ——A_peak

accumulation Cp (Tpaw—Tcw)

. . . C (TDHW - TCW)Vd )

Q4 € [QSA,min; QA,min =r >4 2 + recircu
Accumulation —"

______________________ 1 / CA € [0,5 Vday ; Vday]
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5. Distribution

How to design the distribution side also
named the secondary side?
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5.1 Pipes




5.1 Pipes

Designing a distribution pipe consists in:

« Calculate the pipe diameter

e (Calculate the insulation thickness
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5.1 Pipes
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5.1 Pipes

Designing a distribution pipe consists in:

Calculate the pipe diameter

Calculate the insulation thickness

(N
i)
3
N
)
N

Calculate the pressure losses
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5.1 Pipes

How to control the flow rate through the emitters and ensure the hydraulic balancing?
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5. Distribution

How to design the distribution side also
named the secondary side?
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5.2 Valves

How to control the flow rate through the emitters and ensure the hydraulic balancing?

E APmax = Ap1 = Apapt Appct Apept Appe + APyaive +
Apgrt Appet Apgh

— F APmax = AP = Apapt Appct Apcrt APyaive APrct
Apcu
4 > APmax = Aps = Apap™t Apyaive APt AP

Static hydraulic balancing by adding pressure losses through balancing valves. All the branch must have the
same pressure losses.
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5.2 Valves

1OVV

APmax = Ap1 = Apapt Appct Apcpt Appe + APyaive +
Apgrt Appet Apgh

APmax = Ap2 = Apapt Appct Apcrt APvaive APrct
Apeh

1kg/s
> >
3kg/s B

4 APmax = Ap3 = Apapt ApPyaive APt AP

G H

Static hydraulic balancing by adding pressure losses through balancing valves. All the branch must have the
same pressure losses.
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5.2 Valves

How to control the flow rate through the emitters and ensure the hydraulic balancing?

E APmax = Ap1 = Apypt Appct Apept Appe + APyaive +
Apgpt Appet Apgy

F APmax = APy = Apypt Appct Apcrt Apyaive APrct
Apeu
4 > APmax = Ap3 = Apapt APyaive DPc* AP
3kg/s B G H

Static hydraulic balancing by adding pressure losses through balancing valves. All the branch must have the
same pressure losses.
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5.2 Valves

How to control the flow rate through the emitters and ensure the hydraulic balancing?

m = Kv, \/Ap opening
For Ap =1 bar

Kv,  if opening =1

m . .
—— =< Kv if opening # 1
VAP Kv, if opening =0

: Kv :
Linear valve : . = opening
S
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5.2 Valves

How to control the flow rate through the emitters and ensure the hydraulic balancing?
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5.2 Valves

Ap,
Ap,
Authority : a = ———
|_ g Ap, + Ap.
\ 4
v Ap,, : The fully open pressure loss of the valve
I Ap,
—’_ 1
> > Ap. : Pressure loss of the loop to regulate
The authority must be between 0.3 and 0.7 for a
correct valve operation. Often the valve is sized for

a=0.5
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5.2 Valves

Authority: a = _ APy
[ Apy, + Ap,

Ap,, : The fully open pressure loss of the valve

Ap. : Pressure loss of the loop to regulate

The authority must be between 0.3 and 0.7 for a
correct valve operation. Often the valve is sized for
a=0.5
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5. Distribution

How to design the distribution side also
named the secondary side?
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5.3 Pumps

3 types of pumps:

Constant flow rate pump
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5.3 Pumps

3 types of pumps:
Constant flow rate pump

Variable flow rate pump with
constant speed :

Ap=AV?+BV +C
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5.3 Pumps

3 types of pumps:

Constant flow rate pump

Variable flow rate pump with
constant speed :

Ap=AV?+BV+C

Variable flow rate pump and
speed

Ap=AV?+BV+C
With A, B and C depending on the speed

o - ApV
Pump electrical power : Pyjp. = ——

Nelec Mhydro
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5.3 Pumps

Operating point

The network  characteristic  curve
depends on:

 The pressure losses through the
pipe

« The pressure losses due to the
valve opening

The mass flow rate of a network is the
crossover between the pump and
network curve. This point is called the
operating point

SHaKE | Module 2 | 2023-1-HU01-KA220-HED-000160219




5.3 Pumps

The network characteristic curve
depends on:

* The pressure losses through the
pipe

 The pressure losses due to the
valve opening

The mass flow rate of a network is the
crossover between the pump and
network curve. This point is called the
operating point

When the valve is closing the pressure
m? losses of the network changes and the
—_— —_— network curve is modified
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5.3 Pumps
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The network characteristic curve
depends on:

* The pressure losses through the
pipe

* The pressure losses due to the
valve opening

The mass flow rate of a network is the
crossover between the pump and
network curve. This point is called the
operating point

When the valve is closing the pressure
losses of the network changes and the
network curve is modified

ldem when the valve is opening




5.3 Pumps

A pump with variable speed
allow to increase the pump
efficiency according to the mass
flow rate needed
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Thank you!

Module 2.4 - Building side hydronic systems
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