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Radiators represent the most spread heating body (installed since late 1800s) and
in the last decades different radiators typologies have been proposed on the mar-
ket, characterized by different materials, sizes, shapes, etc. Recent EU Directive
on energy efficiency has set the obligation to install individual meters for space
heating in building served by a central heating source. To this aim, when direct
heat meters are not technically feasible, indirect systems like heat cost allocators
are applied on each radiator in a dwelling and the knowledge of single radiators’
thermal output is essential for an accurate and fair heat cost sharing. The
EN 442:2014 describes a method for radiators’ thermal output measurement
whose expanded uncertainty is lower than 1% in reference laboratory conditions.
However, radiators’ thermal output is strongly dependent on installation and
boundary conditions. Thus, to get radiators’ thermal output at operating condi-
tions “characteristic equations” are available but, unfortunately, they do not in-
clude any possible actual operating condition among which: installation position
with respect to the wall and the floor, presence of grid/shelf/niche or an obstruc-
tion (e. g. caused by curtains), thermo-fluid-dynamic condition variations (inlet
flow rate and temperature), and hydraulic connections. In this paper, the experi-
mental results of thermal output measurement of different radiators typologies
(cast iron, aluminum) at different installation conditions are presented, together
with an analysis of the associate technical-economic effects on space heating cost
sharing. Reductions of radiators’ thermal output up to 15% due to hydraulic
connections and between 10% and 20% due to flow-rate variations have been
found. Furthermore, different installation conditions showed deviations between
operating and standard radiators’ thermal output between 5% and 15%.
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Introduction

Directive 2012/27/EU [1] on energy efficiency has set the obligation to install indi-
vidual meters or indirect systems (e. g. heat cost allocators) allowing individual measurement
of energy consumption for space heating in multi-apartment buildings supplied by district
heating or common central source. In many cases this obligation, either due to architectural
constraints and/or to plant configurations or to high costs, e. g. in existing buildings and espe-
cially in the historical ones [2], results in the installation of indirect heat allocation systems,
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such as heat cost allocators. As well known, such devices are based on the estimation of ther-
mal energy exchanged by single radiators and to this aim, the knowledge of radiator’s heat
output is crucial.

In recent times, radiators, in addition to their own main functionality, have also as-
sumed a major architectural/esthetical value, which has led to the spreading of different radia-
tors types (each characterized by different material, size, shape, etc.). Unfortunately, only rarely
the actual thermal output of installed radiators is consistent with the nominal one, which is
measured in the laboratory at rated temperature and at standard installation conditions. Besides,
radiators are generally installed employing connections, flow rates, positions etc. that may be
different from reference standard so determining thermo-fluid-dynamic conditions very differ-
ent from testing. In order to investigate issues related to indirect heat accounting, it is necessary
to consider the heat transfer phenomena involved, the combined radiative-convective effects
and, to a negligible extent (unless in case of wrong installation), conduction. Furthermore, actu-
al heat transfer influences the effective temperature distribution on the radiator’s surface. Natu-
ral convection plays a significant role and represents from 50% to 90% of the overall thermal
output depending on the radiator’s type. Radiators’ thermal output in operating conditions de-
pends on several factors (average external surface temperature; shape, material, size and surface
finish; water-flow rate etc.) and its knowledge is crucial for effective heating plants sizing and
fair heat cost allocation [3]. Radiators are classified as a function of construction material (steel,
cast iron, aluminum) and shape (i. e. panel, columns, etc.) [4, 5]. The methodology for the de-
termination of radiators’ thermal output has been achieved in the last years moving from a man-
ufacturer’s statements at the beginning of sixties, to a standard measurement in the seventies, to
the recent accurate and rigorous European harmonized standards EN 442-1 [6] and EN 442-2
[7]. Moreover, some of existing heating plants are very old and accurate information about radi-
ators’ thermal output is not available or confusing and this can affect the accuracy and fairness
of space heating costs sharing required by the EU Directive on energy efficiency [1]. To face
this problem, different empirical solutions are adopted, in different countries. The Italian Ther-
mo-Technical Committee (CTI) proposed that for indirect heat accounting, the thermal output
must be determined in accordance to the following hierarchy: Level 1 — according to EN 442
(available since 1997), Level 2 — for heating appliances installed before the entering into force
of EN 442, according to available national standards, and Level 3 —for very old plants, if Levels
1 and 2 are not applicable, thermal output should be determined through non-experimental
methods if validated, such as the dimensional method described by UNI 10200 [8]. Obviously,
not-experimental methods are not as accurate as the EN 442 reference method and do not give
any possibility of taking in account the dependence of calculated thermal output on installation
conditions and actual operating parameters (i. e. water-flow rate).

Looking at the scientific literature, only few works are available about the measure-
ment of radiators’ thermal output at operating conditions. Brady et al. [9] investigated the on-
field effects of decorated covers on radiators finding thermal output reductions up to 40% in
the case of wooden cover. A CFD simulation was performed by Embaye [10] with pulsed
flow using frequency ranging from 0.0083 Hz to 0.033 Hz and amplitude from 0.0168 kg/s to
0.0228 kg/s. The results of the analysis showed that 25% improvement in the specific radia-
tor’s heat output is achievable while maintaining the same radiator target surface temperature
of 50 °C. Calisir et al. [11] investigated panel radiator heat output under actual operating con-
ditions. They found radiator’s heat output is most linearly increasing with increasing inlet
temperature at different connection positions. Furthermore, for lower mass-flow rates higher
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temperature differences can be obtained although, due to higher mass-flow rates, higher heat
outputs are observed in general.

In this paper, the authors present the results of an experimental investigation aimed
at the determination of deviation of the radiators’ thermal output at operating conditions from
reference standard one, that is used for programming indirect heat accounting systems. Such
deviation should be useful to predict the effects on the accuracy of heat accounting when indi-
rect systems are adopted and it has not been yet fully investigated in scientific literature. In
particular, the following operating conditions have been analyzed: presence of a grid, a shelf,
niche, an obstruction (e. g. caused by curtains on the radiator). Installation position with re-
spect to the wall and floor and thermal output variation employing different connections to the
plant and different flow rates. In fact, for the first time, the influence of connection types,
flow rates, installation conditions, temperature difference (between the heat transfer fluid and
the surrounding air) on the radiators’ thermal output in operating conditions has been investi-
gated in terms of deviation from the reference standard ones.

Thermal output of different radiators has been determined experimentally in the ref-
erence conditions at the Laboratorio di Misure Ricerche Termotecniche (MRT) of the Politec-
nico of Milano and in operating conditions at the Laboratorio di Misure Industriali (LaMI) of
Universita di Cassino e del Lazio Meridionale.

Thermal output of radiators

The knowledge of radiator’s thermal output in standard conditions is essential for
space heating costs sharing using indirect systems, e. g. heat cost allocators conforming EN
834 [12].

For radiators installed after sixties the thermal output value is generally available,
determined in compliance with national standard, while for radiators installed after 1997 such
value should be determined in conformity with the European standard EN 442 [6, 7]. Unfor-
tunately, for heaters installed in the early sixties it is hard to find standard thermal output val-
ues and for this reason different empirical procedures are adopted, which in some cases are
not made known. In this scenario, the dimensional method described by UNI 10200 [11] is the
empirical method adopted in the Italian market to allow the traceability of the heating costs
accounting for radiators installed in the early sixties.

The standard method EN 442

The EN 442 [6, 7] allows the thermal output measurement with an uncertainty lower
than £1%. The boundary conditions are imposed by means of a closed and unventilated test
room characterized by five water cooled walls and one not cooled. The radiator under test is
exposed to the not cooled wall. All the walls are insulated, so that in this way the thermal test-
ing conditions are independent from the external environment. The standard thermal output,
¢, of the radiator under test is obtained at a temperature difference AT = 50 °C, while heat
cost allocators require AT = 60 °C. In this condition is also determined the standard flow rate.
The characteristic equation of the tested radiator is obtained by regression of the measured da-
ta and is given:

¢ =KyAT" 1)

where K [WK™] is the constant of the radiator and n is the exponent of the characteristic
equation, generally ranging from 1.1 to 1.4, depending on the ratio between the thermal out-
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put exchanged by radiation and by convection. Since radiators are often made up of a number
of identical vertical sections (elements or modules), the thermal output of a single element or
section is given by:

O}

g = N_el 2

where ¢ [WK™] is the thermal output of a single module and Nei — the number of elements.
In the case the radiators cannot be split, a module corresponds to a radiator having a conven-
tional length of 1 m.

The EN442 standard introduces the concept of family of radiators to take into ac-
count the size variability of radiators characterized by similar design and construction, made
of identical material and presenting the same position of primary fluid connections. In order to
reduce the number of models under test, EN442 also introduces the concept of type of radia-
tors, that is a group of radiators of similar design whose cross-section remains unchanged
while the height or length can vary (or which present the variation of only one characteristic
dimension of the heating surface). In accordance with EN 442, the thermal output of radiators
of the same type can be obtained from following equation:

¢ =K, LPHPgC AT (©¥aH) ©)

where Kt [Jm~2kg1K™!] is the constant of the type, a, b, ¢, co, and c1 — the characteristic con-
stants of the radiator, qm [kgs?] — is the water-flow rate, H [m] — the height, L [m] — the
length, and AT = Ty — Ta [K] — the difference between the average temperature of the radiator
and the temperature of the test environment. The minimum number of models to be tested
within a type is determined by the range of heights Hr = Hmax — Hmin [M]. When the range of
heights is lower or equal to 1 m, the minimum number of models to be tested is equal to 3.
Otherwise, when Hy > 1 m, the minimum number of models to be tested is four.

In order to reduce testing costs, taking into account the technical experience gained
in the last forty years [13, 14], some simplifications have been accepted at the European
standards level. In particular: for radiators constituted by elements, a direct proportionality is
accepted between the element number and the thermal output, and thermal output is assumed
independent from water-flow rate.

In case of radiators constituted by modules (typically made of steel or presenting a
tubular shape) the EN442 requires to test up to four models for both the minimum and the
maximum length. For each height the thermal output is then obtained by linear interpolation
the test results. The thermal output dependence on the flow rate can also be tested by the la-
boratory on the request of the manufacturer. For a radiator type, assuming a constant width
and a neglecting dependence of thermal output on the flow rate, the thermal output is almost
linear with length and is obtained in the following simplified form:

¢ — KT H bAT (cO+c1H) (4)

Such approximation has been validated and accepted since it provides results lower
than 2% compared to the measured ones [15]. For each radiator type and model the manufac-
turers must declare at least the standard thermal output value ¢, of a single module and its
characteristic equation.
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Nevertheless, it is desirable that in modern plants the following characteristic equa-
tion should be employed for minimum and maximum length:

that allows to properly take into account the influence of water-flow rate, gm, on radiator’s
thermal output and, consequently, space heating cost sharing. Unfortunately, very often eq.
(5) is not available and the variation of water-flow rate is not properly taken into account for
heat cost allocation.

Dimensional method UNI 10200

For radiators installed in sixties, the dimensional method is mentioned in the Italian
standard UNI 10200 [11] and allows to obtain, through an empirical calculation, the thermal
output. Such method is applicable only for radiators with simple structure such as plates or
sectional radiators. On the other hand, the method is not valid for convectors, fan coils, radi-
ant panels or other systems based on the forced convection principle. The thermal output
dateo, referred to a 60 °C difference between the average temperature of the radiator and the
ambient, is obtained from the following relation:

where S [m?] is a conventional external surface of the radiator, C [Wm3] — a characteristic
coefficient of the appliance, experimentally evaluated for some radiator types and available in
the UNI 10200 as a function of the radiator type, and V [m®] — the radiator volume. For the
calculation of the external surface, S, and of the volume, V, it is considered the radiator enve-
lope parallelepiped of height H, depth D, and width L. As it is evident from eq. (6), this meth-
od does not allow to determine the flow rate influence on the thermal output and related heat
cost allocation.

Experimental determination of thermal output
in operating conditions

The radiator thermal output is inversely proportional to its total thermal resistance
which can be expressed through the following relation:

R =R +R, +R, U

where R; [KW-1] is the internal convective/radiative resistance, R, [KW] — the wall conduc-
tive resistance, and R [KW-1] — is the external convective/radiative resistance. The Re value is
always higher than R;, that is considerably higher than Rp. Therefore, the thermal output, e,
exchanged between the external surface of the radiator and the surrounding environment de-
pends mainly from Re. Unfortunately, on the field, thermo-fluid-dynamic conditions can be
very different from reference ones (e. g. due to different flow rate, different connections, etc.).
Besides, radiators may present operating temperatures that can be different from reference
testing ones. Therefore, the actual thermal output should be calculated by applying the follow-
ing relation:

Gois =F = P(Far Feon qu FnFr Fp) (8)
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where F (dimensionless) is the overall correction factor, given by the product of the following

dimensionless correction factors:

— fluid temperature correction factor, Far, that allows thermal output correction when the
average temperature difference between heat transfer fluid and environment is different
form reference testing value, ATrer [K] and Far correction factor is given by the follow-

ing equation:
T.-T,)
Fur <[ ®
ATREF

where Tr and Ta [K] are the arithmetic average temperature between the inlet and outlet
temperature, respectively, of the fluid which flows inside the appliance and the surround-
ing air temperature, measured at the center of the room at a height of 0.75 m from the
floor,

— connections correction factor, Feon, that allows thermal output correction when the radia-
tor working connections are different from testing conditions (inlet section is generally
located at the top of the heating appliance, while outlet section is located at the bottom),

— average heat transfer fluid-flow rate correction factor, Fam, that allows thermal output cor-
rection when thermostatic valves or other controlling equipment are installed,

— heating appliance installation correction factor, Fin, that allows thermal output correction
when installation conditions are responsible of significant deviation of thermal output
form expected nominal value,

— painting correction factor, Fr, that allows thermal output correction when the radiator is
painted with a paint different from the one used during tests; in this regard the standard
EN 442 takes requires two distinct tests when the same radiator model painted using matt
or glossy paint,

— atmospheric pressure correction factor, Fp, that takes into account the effect of pressure
variation as a function of altitude, according to the following equation:

F - ! (10)

p S, +(1—sk)(p0]np

Y

where p is the barometric pressure measured during the test, p, = 1013 mbar, while np and Si
are available from EN442-2 [7]. Thermal output of different radiators has been experimentally
determined in the reference conditions, according to EN 442-1 and EN 442-2, at the MRT of
the Politecnico of Milano and in operating conditions at the LaM| of the Universita di Cassino
e del Lazio Meridionale. In particular, MRT is a European reference laboratory for the defini-
tion of the procedures of CE mark laboratories and operates according to EN 442 [16, 17]. On
the other hand, the LaMI experimental set-up has been specifically designed to test radiators
in actual operating conditions and it is composed by: a domestic heat generator (with a nomi-
nal thermal power of 23.7 kW), an adjustable aluminum frame allowing vertical and horizon-
tal adjustment of the radiator with respect to the wall and the floor, an auxiliary thermo-
convector (for the thermal power dissipation and stabilization), a direct heat meter, and an ac-
quisition and data processing system. Tests were conducted on commercial radiators, selected
among the most used types in the last decades and removed from an existing heating plant.
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The experimental campaign was aimed to analyze the deviation of the thermal out-
put in operating conditions with respect to the reference testing ones [18, 19] and to evaluate
the effects of such deviation on space heating costs sharing [2]. On field tests have been con-
ducted on aged radiators installed by 10-15 years, while in the reference laboratory, both new
and aged radiators have been investigated. The technical characteristics of investigated radia-
tors are reported in Table 1. The tests carried out were:
analysis of the influence of installation conditions (i. e. shelf, grid, niches, obstructions
due to curtains, positioning),

— analysis of the influence of connections,

— analysis of the influence of water-flow-rate, and

— analysis of deviation between the standard thermal output and the corresponding one es-
timated through the dimensional method.

Table 1. Technical characteristics of the investigated radiators

Material
Cast iron Aluminum

Tipology Large culumns Finned
Depth [mm] 145 96
Number of elements 9 (reduced to 6 and 3) 9
Height [mm] 890 879
Wheelbase [mm] 800 800
Lenght [mm] 60 80
Connections - Gl
Water content [L] 0.99 0.60
Weight [kg] 9.27 2.13

Thermal power, ¢ [W]

125.50 - AT 50 K
161.77 - AT 60 K

184.42 - AT 50 K
236.04 - AT 60 K

1.28243 — 9 elements

Exponent, n 1.26662 — 6 elements 1.3535
1.23768 — 3 elements

Kmen 422 [WK™] 0.8181 0.9252

C uni 10220 [Wm2] 17000 28100

Thermal output measurement uncertainty

Radiators’ thermal output in operating conditions has been measured by employing
a class 3 heat meter [20]. The measurement equation for thermal output is given by the char-
acteristic equation of heat meters:

¢ =K VAT, (11)

where K [kim3K-1] is the volume-specific heat, V [m3s1] — the volumetric flow rate, and
ATio [K] represent the inlet-outlet temperature difference. The uncertainty affecting measure-
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ments, ug, has been determined by applying the uncertainty propagation law to measurement
eg. (11), obtaining the following relation and considering K, as a constant:

IR CA R -
uy =Ky J{av’} uv+(aATi0] UaT, +\/ﬁ (12)

where u\f and uiTm are the flow rate and temperature difference standard uncertainties as-
sumed to be equal to 2% of read value and 0.1 K, respectively, while /N2 is the type A un-
certainty contribution, where ¢ is the standard deviation and N is the number of acquisitions
[21, 22]. The value of the uncertainty is obtained referring to a coverage factor equal to 2
[23]. Uncertainty affecting EN442 measurements is equal to 1% of read value.

Results and discussion

In this paragraph the authors analyze the difference between on-field thermal output
of different radiators, measured at the LaMI, with respect to the corresponding one in refer-
ence testing conditions, measured at the MRT according to EN 442 [6, 7]. Experimental in-
vestigations were conducted for an aluminum and a cast iron radiator and on-field measure-
ments were conducted in different installation and operating conditions. Besides, the dimen-
sional method described by UNI 10200 [11] was applied to estimate radiators’ thermal output
in actual operating condition, demonstrating that, in absence of other information, the applica-
tion of such method produced a deviation with respect to the MRT reference data of about
3.5% in the case of the aluminum radiator and of about 13.5% in the case of the cast-iron ra-
diator. It is important to notice that the dimensional method is not able to take into account the
effect of different operating conditions, nor their impact on heat cost allocation.

Results accuracy has been evidenced by comparing different sets of data deriving
from on field measurements, measurement in reference testing conditions and the application
of the standard UNI 10200. In addition, the estimation of the measurement uncertainties has
been punctually performed.

600 Effect of the number of sections

— —® — - On-field measurements )

--e - - EN442 Figure 1 and tab. 2 show, for the cast
500 | UNI 10200

iron radiator analyzed, the dependence of
thermal output from the number of elements
constituting the heating appliance. In particu-
lar, in the y-axis of fig. 1 the thermal output
for a single element, ¢ is reported, obtained
by dividing the total thermal output by the
number of elements. Error bars in the figure
represent measurement uncertainty. Radiators

Thermal output, ¢, [W]

or made up of 3, 6, and 9 elements have been
i experimentally analyzed. The EN 442 thermal

0 2 2 3 50 output per element decreases from 173.0W, in
e o e the case of a 3-elements radiator, to 161.8W,

for the 9-elements radiator, confirming that

Figure 1. Thermal output per element for cast L -
iron heating body from on field measurements, total thermal output variation with the number

EN 442 and dimensional method (UNI 10200) of elements is almost linear. Thermal output
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estimation according to UNI 10200 produces similar results, that are compatible with refer-
ence data in the analyzed range of 3-6-9 elements, but don’t gives results as function of the

flow rate.

Table 2. Thermal output dependence from flow rate and number of elements

Test EN442 Dependence of ¢c from q
Test 16916 — Cast iron heating body, height 900 mm, 4 columns, 3 elements
AT K] 60.35 50.06 30.60 49,94 49.88 47.63
q [kgh™] 3452 34.63 34.43 280.45 17.93 8.81
dc [W] 519.0 409.5 223.6 445.0 394.7 385.0
#50) [W] - 408.9 - 4457 405.1 396.5
Test 16916 — Cast iron heating body, height 900 mm, 4 columns, 6 elements
AT K] 60.91 48.96 31.01 49.93 50.25 50.28
q [kgh] 65.69 66.04 66.35 291.71 34.20 16.81
dc W] 987.4 764.5 419.4 796.1 753.1 699.6
#50) [w] - 785.2 - 7975 748.4 713.7
Test 16916 — Cast iron heating body, height 900 mm, 4 columns, 9 elements
AT K] 61.03 50.27 31.33 50.25 49.66 50.15
q [kgh™] 99.16 98.61 99.15 286.45 49.57 25.06
de [w] 1456.1 1134.8 619.1 1154.1 1084.9 1059.0
#50) | [W] - 1111.4 - 1154.1 1084.9 1059.0
As expected, uncertainty affecting on-
field measurements is much larger than uncer-
tainty of EN 442 measurements, mainly be- 2500 ———— s ENaa2
cause of a relatively low value of ATi, that af- = [ —-—&-—- N =6 EN442
f . . - [ — e Ng =9 EN442
ects uncertainty according to eq. (10). In par- 550 ——e-— N, = 9 on-field T
ticular, even though on-field and EN 442 s [ I .
- - o -~
measurements are compatible, on-field meas- 3 [ A
ured thermal output significantly deviated E 1300 A~
from EN 442 value when the number of ele- F e
ments decreases and ATj, decreases according- 1000 e P
ly. On the other hand, the two measurements AT e
are compatible for a number of elements equal sook « .
to 9. T weT
.-
Effect of the temperature 0 ) : ) 1 L
20 30 40 50 60 70 80

difference influence

Figure 2 shows, for the cast iron radiator
analyzed, the dependence of thermal output
from temperature difference, AT, between the

Temperature difference, AT [K]

Figure 2. Thermal output as a function of
temperature difference obtained for cast iron
heating body from on field and EN 442
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heat transfer fluid and the surrounding air. As expected, in the considered operating temperature
range the thermal output, 4, is almost linearly dependent on AT. The EN 442 measurements are
available for 3, 6, and 9 elements, while the on-field measurements are only available for the 9-
elements case. From the analysis of Figure 2 it can be observed that on-field measurements are
compatible with the EN 442 data in the whole range of AT considered. While the uncertainty af-
fecting measurements at the MRT is constant and equal to 1%, for the LaMI measurements un-
certainty increases as the temperature difference decreases. This is due to the decrement of the
thermal output when AT decreases, which corresponds to a reduced temperature difference of
the heat transfer fluid between inlet and outlet sections. In particular, for the larger AT consid-
ered the heat transfer temperature drop is equal to about ATi, = 3.4 °C, which decreases to about
ATio = 2.0 °C, for the smaller AT analyzed. As a consequence, measurement uncertainty affect-
ing the thermal output, ¢, increases according to eq. (12).

Effect of heat transfer fluid-flow rate influence

Figure 3 shows two infrared images of the 9-elements cast iron radiator obtained at
two different water-flow rates: (2) nominal value, q = g», and (b) a quarter of the nominal val-
ue, q = 0.25gs. From the analysis of such figure, it can be clearly observed that the arithmetic
mean temperature is roughly the same for both the cases and for lower water-flow rates a bet-
ter uniformity of the surface temperature of the radiator is obtained. As regards the measure-
ment uncertainties, on-field uncertainty decreases as the water-flow rate decreases thanks to
the increased temperature difference between inlet and outlet sections of the radiator, ATio.

90.0 90.0
rel [°cl
81.3 81.3
725 725
63.8 63.8
55.0 55.0
46.3 46.3
375 375
28.8 28.8
20.0 20.0

Figure 3. Infrared images of the cast iron heating body obtained for different water-flow rates;
(a) water-flow rate equal to nominal value, gn, (b) water-flow rate equal to 0.25 gn
(for color image see journal web site)

Figure 4 shows the thermal output, ¢, of the cast iron radiator investigated as a func-
tion of heat transfer fluid-flow rate, qm, for both EN 442 and on-field measurements. The
MRT measurements are available for 3, 6, and 9 elements, while on-field measurements are
reported for the 9-elements case. For water-flow rate higher than about 50 kg/h the thermal
output slightly increases as the flow rate increases. This is due to the reduced heat transfer flu-
id temperature drop between the inlet and the outlet sections, ATio, and a consequently almost
constant average surface temperature of the radiator. On the contrary, for water-flow rate low-
er than about 50 kg/h the water undergoes a larger inlet-outlet temperature drop. As a conse-
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guence, the radiator mean surface temperature decreases and the thermal output decreases ac-
cordingly. It is important to notice that for a lower heat transfer fluid-flow rate larger tempera-
ture gradients are evident on the surface of the radiator.

2000 1.00 B
- —® — N =3 EN442 "~y
3 ——de— N3 = 6 EN442 g By,
= | ——4-—- N, = 9 EN442 5 Ly
‘?_)‘ | ——e—— On-field kit ‘BN,
S 1500 F Eo95F AN
= s \‘\ "“.
2 e B g gome 6, ey
g | - @ tuttgart e N
3 o] SPOIPE SR £ v Nat%gra ) W N
© " 1 O L nnsbrucl TN
E 10001 Lt éantgiahar RN
ortiina hS
E ;*,.*#-4—*-47-5-4-*.4--&-* O Sestriere .. \G\
b s 5,=0,20,
500 ;,.-.—- -8 8- 8- 8-% 88 ukos n;= 0,75 (cast iron) s\
I ===, =0,25, o
[ I N = 0,65 (aluminium)
OIIII | I —T— | | I 080 PO [T SN TN N TN ST [ ST S T W
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Mass-flow rate, g [kgh~] Altitude [m]
Figure 4. Thermal output as a function of Figure 5. Correction factor, Fp, as a function
mass-flow rate obtained for cast iron heating of the altitude

body from on field and EN 442 measurements

Effect of barometric pressure influence

Figure 5 shows the correction factor, Fp, as a function of altitude. Assuming an at-
mospheric pressure of 101325 at the sea level, the barometric pressure variation as a function
of altitude is calculated according to the following equation:

p =101325(1— 2.25577 x107> H)>25%8 (13)

Seven towns have been taken as an example for the calculation of the correction
factor F, according to eq. (10). Rome with an altitude of 20 m by the sea level, Stuttgart with
an altitude of about 250 m, Matera with an altitude of about 400 m, Innsbruck with an
altitude of about 575 m, Kandahar with an altitude of 1010 m, Cortina D’ Ampezzo whose
altitude is equal to about 1225m, and Sestriere with an altitude of 2035 m by the sea level.

Correction factor Fp ranges from about 0.999 in correspondence of the altitude of
Rome to about 0.865 at the altitude of Sestriere. While barometric pressure decrement due to
altitude is not expected to significantly affect radiation, it significantly affects convection. In
fact, air density decreases as altitude increases heat transfer coefficient decreases accordingly
[24], kept constant other parameters.

Analysis of different installation conditions

In Table 3 the on-field results of the installation conditions influence tests on the ac-
tual radiators’ thermal output, for both the aluminum and cast iron radiators, are reported. In
particular some common installation were analyzed as: shelf, niches, grids, vertical and hori-
zontal positioning, and obstructions due to curtains on the radiator. The major deviation be-
tween the actual thermal output and the standard one have been observed in the presence of a
grid for both the analyzed radiators. In the case of aluminum radiators, the partial coverage of
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the radiator causes a reduction of the actual thermal output of about 18% compared to the ex-
pected standard value.

Table 3. Influence factors of the installation conditions on the effective thermal output

Cast iron Aluminum
Installation type Wall Floor Wall Floor
distance distance [A(yqﬁ] Distance Distance [%/qﬁ]
[cm] [cm] ° [cm] [cm] °

Correct installation 6 11 0.00 2 10.5 0.00
Shelf 6 11 0.47 2 10.5 0.18
Niche 6 11 -1.83 2 10.5 -6.3
Grid 6 11 -16.2 2 10.5 -11
Horizontal position - - - 16 10.5 -0.5

) - 6 19 -0.29 16 19 2.96
Vertical position

6 26 0.24 16 26.5 3.87
Partial obstruction - - - 16 10.5 -17.7
Analysis of different connections influence
Table 4. Thermal power variation with the connection mode
High flow rate Low flow rate
. (about 200 kg/h) (about 70 kg/h)
Connection Scheme
Pateo, [W] A@, [%] | PaTeo, [W] [AO}IZ]’
A (mixed flow) ' 1779 0.0 1770 -05
B (counter-current flow) m 1761 -1.0
“+

C (crossflow) . 1701 -4.4 1552 -12.8
D (single pipe with short l_ 1527 149
stemmed valve) o=
E (single pipe with medium 1440 191
stemmed valve) L

. . . [TTTTTTT
F (single pipe with long |
stemmed valve and nozzles) : : 1628 -85 1388 —220
G (single pipe with long !‘ LU-H—I !
stemmed valve and separator) 1721 2.9 1547 -130
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In tab. 4 the on-field results of the connections influence test on the actual radiators’
thermal output are reported at high and low flow rates. In particular, the most common con-
nections were analyzed, such as: mixed flow (inlet left high/outlet right low), counter-current
flow (inlet left high/ outlet left low), cross-flow (inlet left low/outlet right low), single pipe
with short stemmed valve, single pipe with medium stemmed valve, single pipe with long
stemmed valve and nozzles, and single pipe with long stemmed valve and separator. The
higher deviations between the actual thermal output and the standard one were observed with
single pipe valve at low flow rate. In such conditions the deviations of thermal output in re-
spect to the reference optimal configuration can be higher than 20%.

Conclusion

On the basis of measurements, it can be evidenced that radiators thermal output
strongly depends on typology and shape, operating conditions (average temperature, water-
flow rate, pressure) and installation (number of elements, installation position, connection
type, presence of grids, shelf, niches, or obstructions). The adoption of thermostatic valves
and the improvement of building envelope and windows insulating performance determines a
reduction of required thermal output from radiators. As a consequence, radiators operate at
lower temperatures thus resulting in an improved heating plant efficiency, but such operating
condition is not taken into account by international standards for heat cost allocators accord-
ing to EN 834, that refer to AT= 60 K. The only exception is represented by the mean temper-
ature difference between the heat transfer fluid and the environment, even though such tem-
perature is sometimes not measured and the definition of the reference position is not a simple
issue. As a consequence, required overall plant heating output can result underestimated and
heat cost allocation for space heating can be inaccurate and unfair. In particular, major issues
are associated to: connection type adopted, that determines reduction of the radiators’ thermal
output up to about 15% (in the case of single pipe short-stemmed valve) and between 10%
and 20% for flow rates of 30% of the standard flow rate and non-conventional connections
(mixed flow or counter-flow), and installation conditions that evidence a difference between
operating and standard thermal output between 5% and 15%. It is evident that the designer
can take into account the above described aspects to correct the standard thermal output de-
clared by the manufacturer in accordance to EN 442. In fact indirect heat accounting accord-
ing to EN 834 and the UNI 10200 prescribe the adoption of the standard thermal output with-
out any correction. As a consequence, since standard and operating conditions could be signif-
icant different, not negligible errors in space heating cost sharing can occur.
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