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Abstract:

In this work, the calculation was used to see the evolution of the maximum daily intensity of direct
solar radiation, the duration of sunshine, and the maximum air temperature during the year in the
regions of 'El Oued and Ghardaia (Algeria). In order to choose the days when the values of these
values are the lowest in each region, in order to study the evolution of the output of a cylindrical
parabolic solar concentrator. We have found that less than 0.6 W/m? in maximum radiation
intensity difference and 0.01 h difference in sunshine duration are sufficient to only last for two
days instead of three. , the first of which is the winter solstice and the second is the fourth day of
the year. We were also able to follow, during the two days of study, the evolution of the intensity
of direct solar radiation, the temperature of the air, the temperature of the water leaving the solar
concentrator, the quantity of heat energy absorbed, whether instantaneous or total, and finally the
total heat return.

We have noticed that the shape of the evolution of the first four is generally in the form of a
parabola, while the evolution of the last two is differentiated from them by their symmetry,
regardless of the school day and its region. There is no significant difference between the two
study areas, although the Ghardaia region is often the highest. While the yield is higher in the
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valley region, the latter is not affected by a change of study day as long as there is a
rapprochement between them. The highest values of these coefficients are; (697.31 W/m2, 04/01,
Ghardaia), (21.87 °C, 22/12, Ghardaia), (54.82 °C, 22/12, Ghardaia), (7.08 kW, Ghardaia ), (166.41
MWD, 04/ 0 01, Ghardaia), (81.67%, 12/22, El Oued), respectively.

Key words: solar radiation, air temperature, linear parabolic solar concentrator, outlet
temperature, absorbed heat energy, thermal efficiency.
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Introduction

The most often applied technique in solar plants to produce electricity and in industrial and
thermal processes is the parabolic trough collector (PTC) [1-3]. The concentrator and the
receiver tube are significant components of the solar field. The reflector surface of the
concentrator reflects solar rays onto the receiving tube, which converts solar power into heat
transmitted to the heat transfer fluid (HTF), such as air, water, or oil [4]. The receiver comprises
a selective-coated metallic tube to enhance the absorption of solar irradiance.

Allam et al. 2022 [1] indicated that the helical shaft insert had increased the required pumping
power for the same flow rate. However, the parabolic trough collector thermal performance has
enhanced with the shaft rotational speed.Rafiei et al. 2020 [5] revealed that the highest optical
performance was attained when the cavity was placed at the PTC focal line. Moreover, it is found
that there is an optimum cavity aperture area to determine the greatest thermal efficiency.

Saad et al. 2022 [6] showed that the heat transfer characteristics of rectangular fins with round
edge are better than those with sharp edge in solar parabolic trough collector.Wang et al. 2016
[7] showed that the optical efficiency of PTCs changes from 0.4 to 0.8 in a whole year. The
highest optical efficiency of PTCs is in June and the lowest is in December. The optical
efficiency of PTCs is mainly influenced by the solar incidence angle. The main objective of the
present work is to evaluate the performance of the PTC concentrator in the two arid Algerian
sites of Ghardaia and El Oued, respectively.

PTC System design

The studied PTC is schematized in the following picture:

PART NUMBER aTe

Innerdiameterof cover glass 0.0a%

outerdiameterof cover glass 005

Figure 1: The design of the studied solar concentrator
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Figure 2: Geographical site for the 2 case studies [8]
Methodology

To achieve the objectives of this study, the following steps must be followed, which we try to

present briefly due to its length:
1- Determine the intensity of direct radiation:

In the arid regions, as are the three study regions, the total radiation intensity is equal to the

direct radiation.

This intensity is calculated from; the three topographic values, which are: longitude, latitude, and
height above sea level. And as its value changes daily, it is definitely related to the number of the
day of the year, i.c. the number of the day of the month and the number of the month of the
year, and it is determined for the sake of our study as it comes later. To calculate this severity

based on one of the several models, among which the work presented: [9-11].
2- Determine the absolute temperature of the region and the temperature of the sky:

The actual observed temperatures can be used, as can be calculated using the [12] follows:
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T, = <Ta(max) - Ta(min)) cos <(14 - t)ﬂ) n (Ta(max) + Ta(min)

2 12 2 )

Where Ta (max) Ta (min) are the maximum and minimum ambient temperatures per month in
the study area, t is the local time previously calculated when calculating the intensity of direct

radiation.

Table (1): The values of the astronomical lcation of the study area. [13,14]

El Oued |Ghardaia

Aldi 76 445
Lati 33.43 32.386
Long 6.9 3.794

Table (2): The values of the maximum and minimum monthly temperatures for the two
study areas. [13, 14]

El Oued Ghardaia

Tmax Tmin Tmax Tmin
JANNUARY 16.89 08.95 20.03 08.69
FEBRUARY 20.16 08.83 25.24 14.26
MARCH 34.35 17.87 30.22 14.93
APRIL 33.93 21.66 32.19 21.43
MAY 39.12 25.48 37.56 24.81
JUNE 46.28 31.41 42.09 29.07
JULY 46.15 33.67 42.69 34.15
AUGUST 42.71 31.60 40.53 30.87
SEPTEMBER 42.80 29.27 39.70 28.97
OCTOBER 30.88 21.05 36.22 25.31

4059
Tob Regul Sci. ™ 2023;9(1): 4056-4073



H. Daoui et. al
Thermal assessment of the PTC system in arid Algerian regions

NOVEMBER 32.11 18.17 27.99 14.06

DECEMBER 20.84 10.30 21.87 10.68

If we adopt the highest and lowest absolute temperature tables for each month, which are

specific to each region (see tables 1 and 2).

The sky temperature can now be calculated according to the Garcia-Valladares et al. relation

Velazquez, 2009(15]:
Tsry = 0.0552T,°
3- Determining the study days:

Based on the results of the previous two steps, it is theoretically possible to find the following

days for each of the study areas:

- The day when the maximum intensity of direct solar radiation is the highest compared to other

days.

- The day when the intensity, duration, or time of insolation is the highest compared to other

days.
- The day when the total intensity of direct solar radiation is the highest compared to other days.

- The day when the ratio of the total intensity of solar radiation to the time of insolation is the

highest compared to that of other days.

- Today, the maximum air temperature value is the highest compared to other days.
Today, the maximum sky temperature is the highest compared to other days.

4- Calculating the useful heat and instantaneous efficiency of the solar collector:

Installation of the concentrator: As is known, the linear concentrator consists of a cylindrical
reflector with a cross-section in the form of a parabola (width w = 3 m), in the concentrator of
the cut, a tube (length L = 5 m) is fixed, and it is made of copper, called the absorbent element,
and it is hollow so that the fluid can pass through it ( water). In our work, we assume that this
tube is covered with glass of both thicknesses, that is, an internal diameter and an external one. It

is represented in the figure below:

Greater detail is described in the work of [16]
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Before addressing the theoretical aspect, in particular, of the thermal balance of heat transfer in
the three parts that make up the concentrator, and in order for this concentrator to be somewhat

ideal and to be simpler to study, the following hypotheses must be fulfilled:

- Uniformity in temperature distribution at the level of the heat-collecting element is acceptable,

given that the glass envelope is not vacuumed.

- Neglecting the thickness of the surfaces as it is very small compared to the dimensions of the

concentrator.

- Heat transfer is one-dimensional, that is, heat exchanges take place in the diagonal direction,
and thus there is no difference between the different cross-sections of the heat-collecting element.
According to Forristal [17], who points out that this assumption can be accepted for PTC

systems smaller than 100 m in length.

The system is considered to be thermally stable.

- There is no phase change of water during flow inside the absorbent tube.
Considering that the solar tracking is complete, ignore the errors of the solar tracking.

Considering the optical and thermal properties of various materials (coefficients: reflection,

absorption, transmission, and thermal conductivity) independent of temperature.

The theoretical principle of determination: Generally, according to the aforementioned structure,
when the solar radiation falls on the reflector, the rays focus on the receiver, which is represented
by the glass cover. To absorb part of it by absorbing the energy of the photons of radiation by the
material, to increase the vibrations of its atoms to increase its temperature, Te. Leaving part of it
to receive from the end of the absorbent tube, which absorbs part of the heat with the same
mechanism to increase its temperature. Part of it is delivered by convection to the working fluid
as useful heat Tf. But in fact, the matter is more complicated, as the heat depends in its transfers
here on all the usual mechanisms represented in; Transmission by conduction, transmission by
convection and transmission by radiation. Where the receptors' absorption of solar radiation

must be high, and the energy loss by all these mechanisms must be low.

After thermal equilibrium for each part of the core, we obtain its differential equation. After
simplifying this equation using finite differences, for a time period of one second, we get the

following equations Marif et al., 2014[18]:

a- The equation for the glass envelope:

4061
Tob Regul Sci. ™ 2023;9(1): 4056-4073



H. Daoui et. al
Thermal assessment of the PTC system in arid Algerian regions

pGAGCpGTGt_At(j) + (ICgpoaG + (hcvgaTa + hresTs))mDge
= (pgAcCpc + m((hcvgo + hreo)Dsi + (hepga + hres)Dee))Te ()
— ((hevgo + hRGO)T[DGi)TOt(j)

b- The equation for the absorbent tube:

PoAoCroTo ™" () + 1C4Tca0p Dy,
= —(hcvo + hreo)™DocTs" (7)
+ (POAOCpo + ((thco + hRGO))DOe + thOfDOi) 7T) To ()
- thOfDOiT[Tft(j)

Equation for the fluid:
1y CpfTr (j — 1) = —heporAxDoitTo" () + (M Cpp + ReporAxDoim) T ()
Where AO and AG are calculated as follows:
T
Ap = Z(Dge - Dgi)
and
T
Ag = Z (Dge - Dcz}i)
Also, Ax is calculated from the following relation:

4mic At
nDgipy

Ax = vat =

The time required for the amount of water to pass through each absorbent tube is:

L
¢ ve  Ax Ax

At=1s

As for the average efficiency of the concentrator or the yield, it is defined as the ratio of the
energy flow gained to the ratio of the radiation energy falling on the concentrator. As stated in
the work of [13]. It is calculated from the following relationship:

Y Qu
L.w)

n(%) = 100

Results and Discussions
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Determination of study days

To determine the study days in this work, preference was given to examining the evolution of the
maximum intensity of direct solar radiation, the duration of insolation, and the highest air
temperature during the year in the two study areas. These developments are respectively
represented in figs. 3(a andb), and 4(a). By providing a general overview of the first two figures,
it is evident that there is a significant agreement in the evolution of the maximum intensity of
direct solar radiation and the duration of insolation between the two study areas. This could be
attributed to the convergence of latitude between the two regions, as indicated in table 1, where

the difference is estimated at 1.056.
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Figure 3.Daily variations in the (a) maximum intensity of direct solar radiation, (b) duration

of insolation, throughout the year in the two study areas.

Based on fig. 3(a), it is evident that the maximum intensity of direct solar radiation exhibits a
strong and linear increase from December 22nd for the Ghardaia region and December 21st for
the El Wadi region. This upward trend continues until nearly May 5th, when the maximum
intensity reaches its peak in both regions. Subsequently, a gradual and semi-linear decrease occurs
until around early August. The starting point of this significant decrease aligns with the point
where the increase begins again, as previously mentioned. Hence, December 22nd for Ghardaia
and December 21st for El Wadi mark the days with the lowest maximum intensity of solar
radiation in the two regions. Additionally, Ghardaia consistently experiences slightly higher
values compared to the other region, as observed in table 3. This slight disparity could be

attributed to the impact of longitude, with an estimated difference of 3.606 (refer to table 1).

Regarding fig. 3(b), it is evident that the changes in the duration of insolation throughout the
year follow an almost parabolic pattern. Notably, the duration of insolation only increases from
December 25th until the beginning of June in both study areas. This increase is rapid and nearly
linear. Subsequently, the rate of increase slows down until April 24th, when the duration of

insolation reaches its maximum values in both areas. From this point onward, a gradual and
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almost linear decrease begins until July 19th, when a rapid decrease ensues until the point of
increase, as mentioned earlier. Thus, December 25th marks the day with the least amount of
insolation for both regions. In terms of the Ghardaia region, its values are slightly lower than
those in the valley region only during the period between the spring solstice (March 21st) and
the autumn solstice (September 23rd). During this period, the duration of insolation in Ghardaia
is eight minutes and 24 seconds longer, as indicated in table 3. This slight difference may also be

influenced by longitude.

Almost every month, regardless of the studied area, reveals that the Ghardaia region consistently
exhibits higher values, except for January, February, October, and December. In these specific
months, the difference is minimal, estimated to be approximately one degree (calculations can be
derived from table 2. However, in January, our calculations indicate that the lowest maximum air
temperatures occur on the second day for Ghardaia and the fourth day for El-Wadi, measuring
20°C and 17°C respectively (as shown in table 3).

The table 3 demonstrates that the disparity in maximum solar radiation intensity between
December 21st and December 25th in the Valley region, as well as between December 22nd and
25th in the Ghardaia region, is insignificant, with values of up to 0.59 W/m2 and 0.56 W/m?
respectively. Thus, these differences and the slight variation between consecutive days, such as
21st and 22nd, can be disregarded. Considering that the 22nd represents the winter solstice, it is
preferable to choose it in this case. Similarly, the fourth day of January can be selected to
represent the lowest duration of sunshine in both study areas. Likewise, the fourth of January
serves as an appropriate representation for the lowest maximum atmospheric temperature in the

two study areas, based on the same rationale.
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Figure 4.(a) Daily variations in the maximum air temperature throughout the, (b)

momentary variations of direct solar radiation in the two study areas on two specific days.
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Studying the evolution of climate variables
Studying the evolution of direct solar radiation intensity

This phenomenon is depicted in fig. 4(b), illustrating the logical progression of all curves from
non-existent values to the onset of direct solar radiation within a short time span. The duration
of these periods is estimated at approximately 32 minutes on the fourth day of January and
around 33 minutes on the twenty-second day of December in the Valley region. In the Ghardaia
region, the duration is approximately 45 minutes on both study days, following the same order as
previously mentioned (refer to table 4). Additionally, due to its eastern location, the valley region
experiences sunrise 10 and 9 minutes earlier than the Ghardaia region, respectively
corresponding to the two study days. Irrespective of the study day, the Ghardaia area exhibits

higher intensity values of this radiation shortly before eleven o'clock.

The variation in the intensity of direct solar radiation and the length of the day follows a
parabolic pattern. Notably, there is a clear correlation between these intensities when the study
day changes within the same area, particularly before nine in the morning and after four in the
evening. The fig. 4(b) provides further evidence supporting this observation. Moreover, it is
evident that the decline in intensity during sunset exhibits different values, with a close proximity
in sunset times varying by two minutes within the same area and by three minutes on the same

day.

In terms of radiation intensity, the Ghardaia region consistently demonstrates higher values,
surpassing the others by 53.07 W/m? and 52.55 W/m? respectively in the previous consecutive
study days. Furthermore, the peak intensity in this region exceeds the others by 23.35 W/m? and
23.51 W/m? within the same series. This pattern consistently shows a higher initial change in the

valley, which gradually diminishes after eleven o'clock.
Study of the evolution of absolute air temperature

The fig. 5(a) represents the variations in air temperature during the two study days in both
regions. It is evident that this change is similar between the two study regions and within each
region, albeit with a slight difference. The magnitude of this difference increases as we progress
towards the peak of the temperature change and decreases as time approaches sunset. Similar to
the change in the intensity of direct solar radiation, this temperature change follows a parabolic

pattern, albeit with a more open shape.

At sunrise, the temperature values are estimated as follows: (12.93 °C, 04/01) and (14.91 °C,
12/22) for Ghardaia and the valley region respectively on the first study day, and (11.96 °C,
04/01) and (14.35 °C, 12/22) on the second study day, in the same respective regions. These
values are notably lower compared to the temperature values at sunset, which are (18.40 °C,

04/01) and (20.30 °C, 12/22) in Ghardaia and the valley region respectively on the first study
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day, and (15.78 °C, 04/01) and (19.40 °C, 12/22) on the second study day, again in the same

respective regions.

The apex of this temperature segment is approximately reached around the second hour in the
past, following the same sequence, and possesses the following values: (20.03 °C, 04/01), (21.87
°C, 12/22), (16.89 °C, 04/01), and (20.84 °C, 12/22).

1 1 60 1 " 1 i 1 1 i 1
22 { —— El Qued(12/22) {—— El Oued(12/22)
51 ]— E10ued(01/04) 55 1—— El Oued(01/04)
| —— Ghardaia(12/22) 50 |— Ghardaia(12/22)
20 { —— Ghardaia(01/04), {—— Ghardaia(01/04)
1 45 -
19+
1 40 -
S 18+ §
g 174 =
] 1 2 30-
- =]
= 164 =
15 25
14 20+
13 ] 15
12 ; 104
T T T T T T T 4 T T T T T T T T
6 8 10 12 14 16 18 6 8 10 12 14 16 18
t (h) t(h)
(a) (b)

Figure 5.Instantaneous variations of (a) air temperature, (b) water temperature exiting the

solar concentrator, on two specific days in the two study areas.
Studying the development of the outputs of the solar concentrator
Study of the change in the water outlet temperature

The variations in the exit temperature over the two study days in both regions are depicted in fig.
5(b). It is observed that this change closely resembles the fluctuations in air temperature. Since
the water temperature was not non-existent during the period without direct solar radiation, it
was assumed that the water entered the system at the same air temperature. The table 4 records
the exit temperatures at the moment of radiation arrival as follows: (14.30 °C, 04/01), (16.28 °C,
12/22), (12.78 °C, 04/01), and (15.37 °C, 12/22).

Regarding the highest values, which typically occur after midday, approximately fifty-four
minutes in the Ghardaia region (occurring at the same time on both study days) and forty
minutes in the Valley region, the temperatures are as follows: (53.66 °C, 04/01), (54.82 °C,
12/22), (49.35 °C, 04/01), and (52.58 °C, 12/22). At sunset, the temperatures are recorded as
(28.03 °C, 04/01), (29.86 °C, 12/22), (22.83 °C, 04/01), and (26.42 °C, 12/22). These results
confirm that the water temperature has a greater impact compared to radiation intensity, as

indicated by the varying magnitudes of heat between the two regions. Additionally, it can be
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observed that the water temperature in the valley region is higher than in the other region only

before nine and ten o'clock on January 4th and December 22nd, respectively.
Study of the instantaneous absorbed thermal energy change

The fig.6(a) illustrates the instantaneous change in thermal energy absorbed from the water over
the two study days in both regions. It is evident that this change closely corresponds to the
variations in the intensity of direct solar radiation. Prior to the arrival of radiation, the thermal
energy is non-existent as the exit temperature is equal to the entry temperature, which is

equivalent to the air temperature.

Furthermore, the order of the values remains consistent, following the pattern of radiation
intensity change (refer to fig. 4(b)) in all the aspects mentioned earlier. However, there is a slight
variation in the timing of values exceeding those of the Ghardaia region, which begin at ten
o'clock instead of eleven o'clock. Notably, there is an increasing convergence between the values
of the two study days in the Valley region, while a clear correspondence is observed in the
Ghardaia region. These findings reinforce the significant influence of air temperature, as

supported by the results presented in table 4.

The peak values of this thermal energy occur minutes after midday, with a slight delay in the
Valley region compared to the Ghardaia region. Specifically, in the successive study days, the
highest values are estimated as follows: (7.08 kW, 04/01), (7.08 kW, 12/22), (6.84 kW, 04/01),
and (6.70 kW, 12/22). At sunset, the respective values are: (2.01 kW, 04/01), (2.18 kW, 12/22),
(1.47 kW, 04/01), and (1.47 kW, 12/22), maintaining the same order.
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Figure 6. The instantaneous changes in the (a) absorbed energy, (b) total energy, from the

solar concentrator during the two study days in the two study areas.
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Study of the change of total absorbed thermal energy

The fig.6(b) illustrates the temporal increase in the total absorbed energy, starting from non-
existent values at sunrise until the onset of direct solar radiation. From that moment until around
9 in the morning and from 3 in the afternoon until sunset, the increase is gradual and non-linear.
However, from 9 to 3 in the afternoon, the increase follows a linear pattern. The values of this
energy are very close, particularly before 2 in the afternoon, especially within the same region.
Before this time, the valley region consistently leads the Ghardaia region, while after this time,
the situation is reversed, resulting in a diminishing convergence. These results are reflected in the
values presented in table 4, where the total energy in the Ghardaia region on the fourth day of
January is estimated at 166.41 MW, exceeding its value on December 22nd by 4.25 MW and
surpassing the values in the Valley region by 5.69 MW and 9.76 MW, respectively, in the same

order as the two study days.
Study of the total heat yield change

The fig.7 demonstrates the variations in heat yield throughout the two study days in both
regions, exhibiting a similar pattern to the overall change in total absorbed energy, albeit with
notable distinctions. Notably, the heat yield in the valley region consistently surpasses that of the
Ghardaia region before sunset, following a parabolic trend. Furthermore, the total return remains
unaffected by the specific study day, as evidenced by the correspondence between its values and

the day of observation.
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Figure 7. Instantaneous changes in total heat return in the two days and two study areas.
Conclusions

Based on the results of this study, several key points can be deduced. Firstly, there is a consistent
agreement regarding the annual variations in the maximum intensity of direct solar radiation and
the duration of sunshine between the two study areas, which are situated at the same latitude.
However, slight deviations are observed due to differences in longitude and elevation above the

Earth's surface.
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The selection of study days based on the lowest solar radiation intensity or the shortest duration
of tan does not provide significant additional insights. The differences between these factors in
the two regions are not substantial, making it sufficient to choose just one of them. Alternatively,

selecting the coldest day of the year based on air temperature could be a suitable criterion.

The shape of the changes in solar radiation intensity and the two outlets of the cylindrical
parabolic solar concentrator (represented by outlet temperature and absorbed thermal energy)
exhibit similar patterns. However, the ambient temperature also plays a crucial role, as it

influences the order of the resulting values.

Furthermore, the overall evolution of total heat energy absorbed and total thermal efficiency

follows a consistent pattern, with minimal variations based on the selected study days.

Most of the results demonstrate close agreement between the two study regions and the chosen

day, as the differences observed are negligible and not statistically significant.

This work opens up several avenues for further research. It is possible to explore additional
parameters for determining study days. Additionally, incorporating experimental values for solar
radiation intensity and air temperature at the beginning of simulations could improve accuracy,

considering the various influencing factors like cloudiness, dust, wind speed, and wind direction.
g g p

While challenging, a fully experimental approach can be pursued, particularly when it involves

solar tracking with concentrators of this nature.

Finally, conducting an annual study to capture data throughout the year would provide a
comprehensive understanding, as the selection criteria in this study were based on the lowest

values, leaving room for exploring potential improvements on other days.
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Nomenclature

Ambienttemperature T. 01
Monthly maximum air temperature Tama 02
Monthly minimum air temperature. Tamin) 03
Skytemperature T, 04
The temperature of the fluid or water. T 05
The temperature of the absorbent part. T, 08
The temperature of the glass cover. T. 11
Initial fluid temperature. Tx 12
The final fluid temperature. T 13
The electrical resistance corresponding to heat transfer by
. . Rcof 14
convection between the absorbent element and the fluid.
The electrical resistance corresponding to heat transfer by
convection between the glass cover and the absorbent | Reeo 15
element.
Electrical resistance corresponding to convectional heat
Rcac ]-6
transfer between the atmosphere and the glass envelope.
The electrical resistance corresponding to heat transfer by
. . Rio 17
radiation between the absorbent element and the fluid.
The electrical resistance corresponding to heat transfer by
o Rew 18
radiation between the sky and the glass envelope.
Heat transfer coefficient by convection between the
. hcof 19
absorbent element and the fluid.
Heat transfer coefficient by convection between the glass L 20
CCO
envelope and the absorbent element.
Heat transfer coefficient by convection between the L )
cac
atmosphere and the glass envelope.
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Radiation heat transfer coefficient between the absorbent

element and the fluid. b 22

Radiation heat transfer coefficient between the sky and the he 23

glass envelope.

The amount of heat absorbed by the fluid. Qs 24

The amount of heat absorbed by the absorbent element. Q. 25

-The amount of heat absorbed by the glass envelope. Q. 26
0.05 Mass flow rate in the concentrator pipe (kg/s). My 01
5 Concentrator length (m) L 02
3 Concentrator width (m). w 03
0.019 Inner pipe diameter (m). Da 04
0.02 External absorbent tube diameter (m). Do 05
4185 Specific heat capacity of water (W/m?2). Cor 08
1000 Water density (kg/m?) Pr 11
8940 The absorbent element's density (kg/m?). Po 12
2530 Glass density (kg/m3) Pe 13
0.97 Absorbency of the absorbent element.. o 14
0.05 Absorbency of the glass cover. O 15
0.935 The permeability of the glass cover. T 16
40 Geometric focus of radiation. G, 17
0.935 Reflection coefficient. p° 18
0.1 The emission factor of black chrome € 19
0.9 Emission factor & 20
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3.66 x 108 o 21

1 |22
1 Normal pressure a 23
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