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Heating Surfaces — Radiators

Principles of radiator design — convective heating

CONSTANT WARM AIR FLOW BY NATURAL CONVECTION
Constant warm oir flow v" Prefer to have position of

by naturcl convection ; )
radiator under the window
(cooled wall)

v" Prefer to have radiator

S e—
i that matches the length of
, the window
§ Dlocked Afterashorty | v" Determine optimum mean
o St oo il temperature of radiator
heated
‘fg | surface
v' Cover the heat loss

/’ £ ] through the heat output of
radiator

Draws the cold ar from the floor fo begin heating
ond replacing it with warmer air (NO COLD FEET).
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Heating Surfaces — Overview

Tubular radiators Panel radiators

Floor (wall) heating

Convectors % ki
< \\\\ \ | g4 ( »
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Heating Surfaces — Radiators

Panel radiators

v" thin sheet metal

]
- v small water volume il
v’ low weight lb

Il
<

Compact

Heating Surfaces - Radiators

Panel radiators

1x flow chamber
LG

1x metal lamellas layer

2x flow chamber
TYPE 21

S
1x metal lamellas layer

Lamellas 2x flow chamber
NANANANAANANAANANAANAN

TYPE22

2x metal lamellas layer
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Heating Surfaces — Radiators

Tubular radiators

v standardized profiles (circle, rectangle, ...)
v high design variability
v higher weight
The whole radiator is one welded piece!

7138

Heating Surfaces - Radiators

Sectional radiators

T

Demountable by sections!!!

v' material variability (grey iron, steel, aluminium, cooper,...)
v" higher weight (especially by grey iron radiators)
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Heating Surfaces — Radiators

Convectors — floor convectors

Without ventilator => significant
decrease of heat output !!!

l"» Forced convection |
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Heating Surfaces - Radiators

Convectors — wall-mounted convectors

Without ventilator => significant
decrease of heat output !!!

Under-sill convector
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Heating Surfaces - Floor heating

Principles of floor heating design — radiant heating

v" Prefer maximum use of
the floor area

v" Usable for low Heating
water temperatures

v" Significant share of heat
transfer by radiation (up to
95 %)
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Heating Surfaces - Floor heating

Floor surface temperature |

Principles of floor heating design

MAXIMUM FLOOR SURFACE TEMPERATURES

o= 27 to 28 °C iat rooms for permanent stay (living rooms, offices,

)

iat service rooms, where people are just temporary

fp=301032°C (halls, corridors, stairs, ...)

iat rooms where people mainly walking barefooted

fp=321034°C (swimming pools, bathrooms, spa, ...)
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Heating Surfaces - convective vs. radiant

r
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CONVECTIVE HEATING
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RADIANT HEATING

Heating Surfaces — convective vs. radiant
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Heating Surfaces - Heat output

1. Condition
Real heat output of any appliance (i.e. radiator) have to be, at minimum,
equal or greater than calculated heat loss
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Heating Surfaces — Heat output

2. Selection
Nominal conditions - i.e. parameters of inlet and outlet temperature of the
water 75/65 °C and air room temperature 20 °C.

Heat output during this standard conditions is designated as ,Nominal
heat output Q"
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Heating Surfaces - Heat output

3. Recalculation
Nominal heat output is only an ideal case (measured in the calibrated test
booth for nominal conditions).

Real case (design) means mainly different temperatures of inlet and outlet
water, temperatures of air, position of radiator, connecting, ...

Q=Qfyf -f-f, ..

correction factor for temperature difference [-]
correction factor for connecting of radiator [-]
correction factor for change of environment [-]
correction factor for placing of radiator in the room [-]

s hShh ’E“\
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Heating Surfaces — Heat output

Correction Factor for Temperature Difference

n
QREAL _ k'SL'(thTI_tI') ~l: twm_ti ] _|:(At)8k
N

= ~

Q . . _ t —t.
NOMINAL kN SLN (tme tiN) wmN "'

Temperature Exponent

« floor heating (surface) n=110

* panel radiators n=1,26t0 1,36
* tubular radiators n=1,20to 1,30
* sectional radiators n=122t 1,30
« convectors without fans n=1,30to 1,50
« convectors with fans n=1,05to0 1,20
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Heating Surfaces - Heat output

Correction Factor for Temperature Difference

n
Qren _ k.SL‘(twm_tl‘) zl: twm_ti ] :{(At)Sk
N

Quommar - k,, -S

w S ~tiy) Ll =4

Temperature Ratio Factor

+t

t
/ cZO,?:Atzu—ti
CZ;WZ_? t  —t
wi b \C<0,7:>At _wl w2
In t -t
In wl i
t ,—t.
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Heating Surfaces — Heat output

Example 1:

\‘ Heat Output = ???

| Heat Loss =680 W |

-——=>
-—==>
-—==>
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Heating Surfaces - Heat output

Example 1: |

65/55/20 °C

| | Heat Loss = 680 W |

QNOMINAL = QREAL [W]
7252680 [W]

Typ 10
Typ 10 VK

Délka L t/t,
[m ]

Typ 11

Typ 11 VK

Typ 20
Typ 20 VK

90/70 718 1222 768 990 1199 1400 1951 1168 1364
1100 75/65 565 664 963 604 779 944 1102 1533 922 1076
70/55 457 538 778 488 629 763 891 1237 746 871
55/45 290 343 493 308 398 483 564 781 474 553
90/70 783 1333 837 1080 1308 1527 2128 1275 1488
75/65 617 @ 1050 659 850 1030 1202 1673 1006 1174
70/55 499 849 532 686 832 972 1350 814 950
55/45 316 374 538 336 434 527 616 852 518 604
90/70 913 1071 1555 977 1260 1526 1781 2483 1487 1736
1400 75/65 720 846 1225 769 991 1201 1403 1952 1173 1369
70/55 582 685 990 621 801 970 1134 1575 950 1108
55/45 369 437 628 392 507 614 718 994 604 704
90/70 1044 1224 1777 mz 1439 1744 2036 2838 1700 1984
1600 75/65 822 966 1400 878 1133 1373 1603 2230 1341 1565
70/55 665 783 1132 709 915 1109 1296 1800 1085 1266
55/45 422 499 718 449 579 702 821 1136 690 805
21/38
:
Heating Surfaces - Heat output
| 65/55/20°C | | HeatLoss=680W

Example 1:

QNOMINAL 2 QREAL [W ]
725>680 [W]

t,-t 55-20

it -t 65-20

t 1+t 2
ch,?:At:%—t.

t
C<0,7:>At|n :ﬁ
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Heating Surfaces - Heat output

| | Heat Loss = 680 W

Example 1 | e5/55/20°c
QNOMINAL 2 QREAL [W ]
725>680 [W]
At =[—tw1+th—t,}={65+55—20}=...
2 2
by, +t 75+65
[l L[58 )
n 13
At L)
fA’:[TJ () =t ot
N o
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Heating Surfaces — Heat output

| | Heat Loss = 680 W

Example 1: | e5/55/20°C
QNOMINAL Z(QREAL [W]
725>680 [W]
QREAL = QNOMINAL . fAt = 725 T = tiiiaes
Qgea _ 680
Quomivar = f = v [W]
At lllllll
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Heating Surfaces - Heat output

Example 1: | 65/55/20°C | | HeatLoss=680W

Typ 10 Typ 11 Typ 20
Typ 10 VK Typ 11 VK Typ 20 VK

D

718 841 1222 768 990 1199 1400 1951 1168 1364
565 664 963 604 779 944 1102 1533 922 1076
457 538 778 488 629 763 891 1237 746 871

290 343 493 308 398 483 564 781 474 553

783 918 1333 837 1080 1308 1527 2128 1275 1488
617 725 1050 659 850 1030 1202 1673 1006 1174
499 587 849 532 686 832 972 1350 814 950
316 374 538 336 434 527 616 852 518 604
913 1071 1555 977 1260 1526 1781 2483 1487 1736
720 846 1225 769 991 1201 1403 1952 1173 1369
582 685 990 621 801 970 1134 1575 950 1108
369 437 628 392 507 614 718 994 604 704

1044 1224 1777 mz 1439 1744 2036 2838 1700 1984
822 966 1400 878 1133 1373 1603 2230 1341 1565
665 783 1132 709 915 1109 1296 1800 1085 1266
422 499 718 449 579 702 821 1136 690 805

25/38

Heating Surfaces — Heat output

Correction Factor for Connecting of Radiator

f, = 1,00 f,=1,00

f, = 0,90 f.=0,78

f, =085

26/38
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Heating Surfaces - Heat output

Correction Factor for Connecting of Radiator

f =100

27/38

f.=1,00

Heating Surfaces — Heat output

Correction Factor for Connecting of Radiator

f =090

28/38
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Heating Surfaces - Heat output

Correction Factor for Connecting of Radiator

29/38

f,=0,85

Heating Surfaces — Heat output

Correction Factor for Change of Environment

B

B+40 B+40

A

o~
Q

ACIE

~

4 Z 7,
| [-8% | [-13%]|

Ideal Position
Without Obstacles, Shielding,...
OPEN (FREE) SPACE

—_—

100 to 150 mm $

-

<€ >

&

100 to 150 mm !ls
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Heating Surfaces - Heat output

Correction Factor for Placing of Radiator in the Room

£=1,00 f,=0,95 f,=0,90
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Heating Surfaces — Heat output

Example 2:
QREAL=QN-fA,-fx-f0-fp=1000- ..... e e e
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Heating Surfaces - Floor heating

{ Characteristic floor number

A, Heatdistribution layer (the one with tubes)
o ] ( ]
T ] A A, heat transfer coefficient upwards from the
tubes (on the fig. red arrows) [W/m?K]
a 'ﬂ b Ap heat transfer coefficient downwards from the
) f / tubes (on the fig. yellow arrows) [W/mZK]
¥ Ay thermal conductivity of heat distribution
layer material (the layer with the tubes)
[WimK]
d external tube diameter [m]
33/38
Heating Surfaces — Floor heating
A= %
! i
0 + N
_j[’,\k/%@vgv ,!‘ Z j'i %p
s; - particular thicknesses of layers above the tubes [m]

A; - thermal conductivities of layers above the tubes [W/m-K]

a, - summary heat transfer coefficient on the [W/m2K] (heat

ey transfer coeff. by convection and by radiation)
9t @

I 007,00 4, Heatdistribution layer (the one with tubes)

4
Ay=—

s, 1
il » 25w
/

()

i

s; - particular thicknesses of layers downwards from the tubes [m]
A; - thermal conductivities of layers downwards from the tubes [W/m-K]
a,” - summary heat transfer coefficient on the [Wim2K] (8 W/imZK)
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Heating Surfaces - Floor heating

’p..\'k P e SR i ’l‘
’I
il m.!
1 @ S A, amnm,
e tP_tiz_'(tm_ti)'—l
W S Seaas s m P m-—
. | 2
T T 1 b t, floor surface temperature [°C]
t, mean water temperature [°C]
q ',l oy t indoor design temperature [°C]
. ! / m characteristic floor number [m-']
A, heat transfer coefficient upwards from the
tubes [W/mZK]
op summary heat transfer coefficient by
convection and radiation upwards [W/mZK]
3538 / tubes' distance [m]

Heating Surfaces - Floor heating

Floor surface temperature |

SRR Rr o

MAXIMUM FLOOR SURFACE TEMPERATURES

o= 27 to 28 °C iat rooms for permanent stay (living rooms, offices,

)

iat service rooms, where people are just temporary

fp=301032°C (halls, corridors, stairs, ...)

to= 321034 °C at rooms where people mainly walking barefooted
36/38 (swimming pools, bathrooms, spa, ...)
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Heating Surfaces - Floor heating

The specific thermal heat flux to the room

_’,,y%awc-v ’p
f g=a -(t —tj
| ) plp i
qt i~~”l ) f\i ’/
| 4, Heatdistribution layer (the one with tubes)
L > ] { 3 .
T T 1 4s
q '.l ~  Specific heat flux of the floor surface downwards
/ / .
T t =t q,:/\b./\i'(tp_ti]
a
‘ q'=A N t—t |+A,-(t—t
=4 b'a Up i) i
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