Modelling of conjugate heat transfer in microelectronics with variable fluid and substrate parameters
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Abstract

2-D model of heat dissipation in hybrid microelectronic circuits with temperature dependent fluid and substrate parameters is presented in this paper. Natural convection and radiation are included. For natural convection the boundary layer approach is proposed for the as the ceramic substrate vertically mounted with heat source on it. The main result shows the significance of using varying parameters in electronics where the temperature does not exceed the level of 500K.

1. Introduction

Conjugate heat transfer modelling becomes important in thermal design for microelectronics, especially for high-temperature devices, where the temperature of the silicon heat source approaches the level of 500K. The temperature rise over the range of a few hundreds degrees has significant influence on thermal parameters of the air and the microelectronic materials, such as density, viscosity and thermal conductivity [5,7]. To ensure the required accuracy of the modelling, the temperature dependent material parameters should be included. Due to numerical difficulties, multidimensional thermal modelling of microelectronic devices with varying parameters is still a problem. We limit our considerations to microelectronic devises that can be modelled by vertical planes with all assumption valid for boundary layer approach [2,6]. It can be easily done for hybrid circuits as shown in figures below. 
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Fig. 1. Hybrid resistor on ceramic substrate

A hybrid long resistor placed on ceramic substrate is the subject of the 2-D modelling. Long here means that the length is much longer that its height, what simplifies the modelling of heat conduction in the substrate. We assume that the energy is being dissipated to the ambient both by natural convection and radiation [3,4]. The aim of this work is to verify if the temperature dependent fluid and substrate parameters in the temperature range 300K-500K are significant for modelling, and what is the quantitative influence of these parameters on maximum and mean temperature of the device, and the heat transfer coefficient.

2. Temperature dependent parameters of heat source and ambient 

Temperature varying ambient parameters such as: density, viscosity, thermal conductance are included to the modelling. Additionally, in order to ensure the more precise simulation, temperature dependent thermal conductivity of alumina substrate and silicon are considered as well [5,7].

According to Dressler, viscosity, conductivity and density of air can be expressed as: 
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(1)

where n=0.68 for gases [2].

According to Sutherland, the more precise approximation of dynamic viscosity of air versus temperature takes a form: [2]: 
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where 0=18.47kg/ms 
Cs=115.2K


The diagrams below show the how much the parameters are non-linear. They have been obtained experimentally for dry air, while the pressure was p(10hPa, [2,7]. Its noticeable that even for microelectronics where the temperature rise is not very high (max. 200K), the parameters change twice or more.
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Fig. 2. Cinematic viscosity, density and thermal conductivity of dry air versus temperature (p(10hPa) [2], [5], [7]

Approximation of experimental data for air can be expressed by the exponential functions suitable for conjugate heat transfer simulation.
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(3)

As shown below temperature rise of 200K can decrease thermal conductivity alumina and silicon almost 2 times. In practice, it denotes the necessity of including in thermal design and modelling of microelectronic devices the temperature dependent material parameters.
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   Fig.3.Thermal conductivity of alumina(left) and silicon(right) versus temperature [5]

3. 2-D Model of hybrid circuit

Hybrid circuit mention in this work can be modelled using boundary layer approach. In fact, the ceramic substrate can be treated as the vertical plate. The hybrid resistor as a long heat source as shown in Fig 4, ensures the localised power is dissipated, and in consequence the non-uniform temperature distribution [2,3]. This is a real case for microelectronics where there one or more small heat sources are placed on the substrate.

For the case when the resistor is much longer than high, the model of heat conduction in the ceramic substrate can be reduced to single dimension, where the heat dissipates along the x-axes only -eqn.(5). The model ensures the heat removal from the substrate to the ambient by natural convection and radiation. Radiation model assumes heat transfer between the hybrid electronic circuit with the emissivity  and the infinite ambient surrounding the substrate [3].
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Fig.4. Geometry of hybrid circuit for modelling including boundary conditions

For natural convection, the boundary layer equations for vertical plate with variable air parameters are used [2],[6]. 
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The boundary condition are defined as in the Fig. 4. 2-D conjugate heat transfer model is solved using finite-difference method. 2-D mesh is defined for a rectangular area, and for each mode the program determines values of variables as well as parameters of the air. Then the finite differences are used to calculate temperature and velocities.

4. Results

Using the model described above it is possible to obtain the temperature distribution on the substrate, and calculate maximum temperature and heat transfer coefficient. Additionally, we can compare the results with modelling carried out for invariable material parameters, and with thermography validation of the model. 

The calculation has been performed for:

· Invariant parameters

· Varying in temperature fluid parameters only

· Varying in temperature fluid and substrate parameters

Figures below confirm quantitatively a few general conclusion, which could be intuitively drawn. Fluids parameters non-linearity increases the amount of energy dissipated to the ambient. Thermal conductivity of air rising with temperature has the most significant contribution in energy transfer, what in consequence increases the heat transfer coefficient. 
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Fig.5. Results of the simulations, mean temperature versus power, heat transfer coefficient and temperature non-uniformity versus temperature

Larger viscosity for higher temperature compensates the increasing conductivity of air. In addition, the larger viscosity the more non-uniform temperature distribution. The uniformity of temperature distribution can be characterised by difference between maximum and mean temperature, and it slightly grows with the temperature.

The most significant parameters having the strong impact on the level of energy dissipated is the thermal conductivity of the substrate. Obviously, the larger conductivity, the more heat is removed. Unfortunately, the thermal conductivity of alumina substrate causes both the decrease the heat transfer coefficient and enlargement of temperature non-umiformity.

Validation of the model was carried out using thermography. The variation of mean temperature versus power was used for model and measurement results comparison. This function is typically non-linear and can be expressed as: 

. From modelling we got m=1.49, while for measurement m=1.42. 
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5. Conclusions

This paper presents 2-D modelling and thermography measurements for conjugate heat transfer of hybrid microelectronic circuit with temperature dependent fluid and substrate parameters. The example of thermal image in shown in this section. The thermography measurements proves the necessity of using variable parameters in the precise modelling. 

Obviously, the effects of non-linear parameters are more important for higher temperature. In microelectronics the typical temperature 100K above the ambient is already the temperature for which the variable parameters should be included in modelling. The varying parameters of the substrate are the most significant. They can vary the results of modelling when the temperature of the heat source is about 400K. One can notice that lower value of thermal conductivity of alumina and silicon diminish the amount or energy dissipated to the ambient while the increasing conductivity of air partially compensates it. Lower viscosity of air for the substrate temperature of 500K increases the temperature non-uniformity by 10%. The ideal fluid for microelectronic device should have high conductivity and low viscosity to decrease the temperature gradients. In many practical cases in microelectronics, the uniform temperature on silicon or any other substrate is required. 
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Fig.6. Nonlinear temperature distribution on the substrate 
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		220		473.16		454.54				9.37				486.94		451.02				9.58				230		405.49		387.09		380.84		17.37		230		419.47		390.65				16.69				150				364.02								347				14.36																						517.57		471.42		46.15						170		382.68		368.97										389.38		380.79		8.59																																																																																																				456.25		436.35				11.58		240		477.01		439.95				11.28

		230		479.72		460.27				9.44				495.08		456.76				9.65				240		409.11		389.94		405.08		17.56		240		424.25		393.79				16.83				200				380.99								364.02				15.41																						530.27		480.49		49.78						180		386.62		372.13										404.17		393.9		10.27																																																																																																				461.05		440.36				11.72		250		483.61		444.42				11.39

		240		486.24		465.96				9.51				503.26		462.47				9.72				250		412.69		392.74		429.02		17.73		250		429.02		396.9				16.97				250				396.9								380.99				16.25																						542.55		489.17		53.38						190		390.51		375.22										418.55		406.6		11.95																																																																																																				465.79		444.30				11.85		260		490.21		448.83				11.49

		250		492.72		471.61				9.58				511.49		468.16				9.78				260		416.22		395.5		452.83		17.91		260		433.79		399.97				17.11				300				411.93								396.9				16.97																						554.46		497.51		56.95						200				378.27										432.6		418.98		13.62																																																																																																				470.46		448.18				11.99		270		496.80		453.19				11.60

		260		499.15		477.22				9.65				519.77		473.83				9.84				270		419.71		398.22		476.6		18.08		270		438.56		403.01				17.24				350				426.21								411.93				17.63																																210		398.1		381.26										446.36		431.07		15.29																																																																																																				475.07		451.99				12.12		280		503.38		457.51				11.70

		270		505.55		482.78				9.72				528.1		479.48				9.9				280		423.16		400.9		500.36		18.26		280		443.32		406.01				17.38				400				439.82								426.21				18.24																																220		401.82		384.2										459.87		442.91		16.96																																																																																																				479.61		455.74				12.25		290		509.97		461.78				11.79

		280		511.9		488.31				9.78				536.48		485.11				9.95				290		426.57		403.55		524.14		18.43		290		448.08		408.99				17.51				450				452.81								439.82				18.82																																230		405.49		387.09										473.16		454.54		18.62																																																																																																				484.09		459.44				12.38		300		516.55		466.01				11.89

		290		518.21		493.8				9.84				544.92		490.72				10				300		429.94		406.15		547.94		18.59		300		452.83		411.93				17.63				500				465.22								452.81				19.37																																240		409.11		389.94										486.24		465.96		20.28																																																																																																				488.51		463.07				12.51		310

		300		524.49		499.25				9.91				553.43		496.31				10.05				310		433.27		408.72		571.75		18.76		310		457.59		414.85				17.76				550				477.09								465.22				19.91																						338		326				12				250				392.74										499.15		477.22		21.93																																																																																																				492.87		466.65				12.63		320

																								320		436.57		411.25		595.53		18.92		320		462.34		417.73				17.88				600				488.43								477.09				20.43																						371		357				14				260		416.22		395.5										511.9		488.31		23.59																																																																																																				497.18		470.17				12.76		330

																								330		439.83		413.76		619.28		19.09		330		467.09		420.58				18				650				499.28								488.43				20.95																						380.84		364.02				16.82				270		419.71		398.22										524.49		499.25		25.24																																																																																																				501.43		473.64				12.88		340

																								340		443.06		416.22				19.25		340		471.85		423.41				18.12																499.28				21.46																						405.08		380.99				24.09				280		423.16		400.9																																																																																																																		505.63		477.06				13.00		350

																								350		446.26		418.66				19.41		350		476.6		426.21				18.24																																										429.02		396.9				32.12				290		426.57		403.55																																																																																																																		509.78		480.44				13.13		360

																								360		449.42		421.07				19.56		360		481.35		428.99				18.36																																										452.83		411.93				40.9				300				406.15																																																																																																																		513.88		483.76				13.25		370

																								370		452.55		423.44				19.72		370		486.1		431.73				18.48				50						325						325						13.3																Tsr, r+c,nieliniowe				476.6		426.21				50.39				310		433.27		408.72										358.32		351.63				6.69																																																																																																		517.94		487.04				13.37		380

																								380		455.66		425.79				19.87		380		490.85		434.45				18.59				100						344.05						344.05						14.94																				500.36		439.82				60.54				320		436.57		411.25										374.93		365.49				9.44																																																																																																		521.94		490.27				13.49

																								390		458.73		428.11				20.03		390		495.61		437.15				18.71				150						360.84						360.84						16.22																				524.14		452.81				71.33				330		439.83		413.76										390		378				12																																																																																																		525.90		493.46				13.60

																								400		461.77		430.4				20.18		400		500.36		439.82				18.82				200						375.89						375.89						17.34																				547.94		465.22				82.72				340		443.06		416.22										407.06		391.36				15.7																																																																																																		529.82		496.60				13.72

																								410		464.79		432.67				20.33		410		505.12		442.47				18.93				250						389.64						389.64						18.35																				571.75		477.09				94.66				350				418.66										422.95		403.73				19.22																																																																																																		533.69		499.71				13.84

																								420		467.78		434.91				20.48		420		509.87		445.09				19.04				300						402.34						402.34						19.29																				595.53		488.43				107.1				360		449.42		421.07										438.83		415.84				22.99

																								430		470.74		437.12				20.63		430		514.63		447.68				19.16				350						414.17						414.17						20.17																				619.28		499.28				120				370		452.55		423.44										454.76		427.73				27.03

																								440		473.68		439.31				20.78		440		519.39		450.26				19.26				400						425.26						425.26						21.01																														380		455.66		425.79										470.78		439.44				31.34

																								450		476.59		441.48				20.93		450		524.14		452.81				19.37				450						435.72						435.72						21.81		Konwekcja, par. stałe																		328		325						3		390		458.73		428.11										486.94		451.02				35.92

																								460		479.47		443.62				21.07		460		528.9		455.34				19.48				500						445.63						445.63						22.59		380.79						380.79		8.14										352.21		344.05						8.16		400				430.4										503.26		462.47				40.79

																								470		482.34		445.74				21.22		470		533.66		457.84				19.59				550						455.04						455.04						23.34		387.4						387.4		8.28										372.97		360.84						12.13		410		464.79		432.67										519.77		473.83				45.94

																								480		485.18		447.83				21.36		480		538.42		460.32				19.7				600						464.02						464.02						24.07		393.9						393.9		8.41										391.94		375.89						16.05		420		467.78		434.91										536.48		485.11				51.37

																								490		487.99		449.91				21.5		490		543.18		462.78				19.8				650						472.6						472.6						24.78		400.3						400.3		8.53										409.56		389.64						19.92		430		470.74		437.12										553.43		496.31				57.12

																								500		490.78		451.96				21.65		500		547.94		465.22				19.91				700						480.82						480.82						25.47		406.6						406.6		8.64										426.09		402.34						23.75		440		473.68		439.31

																								510		493.56		454				21.79		510		552.7		467.64				20.01				750						488.72						488.72						26.15		412.83						412.83		8.75										441.72		414.17						27.55		450				441.48

																								520		496.3		456.01				21.93		520		557.46		470.03				20.12				800						496.32						496.32						26.81		418.98						418.98		8.85										456.58		425.26						31.32		460		479.47		443.62

																								530		499.03		458				22.07		530		562.22		472.41				20.22																						170		425.06						425.06		8.94										470.77		435.72						35.05		470		482.34		445.74										355.58		350.38						5.2

																								540		501.74		459.97				22.21		540		566.99		474.76				20.33																						180		431.07						431.07		9.03										484.38		445.63						38.75		480		485.18		447.83										370.32		363.43						6.89

																								550		504.43		461.93				22.35		550		571.75		477.09				20.43																						190		437.02						437.02		9.12										497.46		455.04						42.42		490		487.99		449.91										384.17		375.6						8.57

																								560		507.1		463.86				22.48		560		576.5		479.4				20.54																						200		442.91						442.91		9.21										510.08		464.02						46.06		500				451.96										397.41		387.17						10.24

																								570		509.74		465.78				22.62		570		581.26		481.69				20.64																						210		448.75						448.75		9.29										522.28		472.6						49.68		510		493.56		454										410.14		398.23						11.91

																								580		512.37		467.67				22.76		580		586.02		483.96				20.74																						220		454.54						454.54		9.37										534.09		480.82						53.27		520		496.3		456.01										422.45		408.88						13.57

																								590		514.98		469.56				22.89		590		590.78		486.2				20.85																						230		460.27						460.27		9.44										545.56		488.72						56.84		530		499.03		458										434.39		419.16						15.23

																								600		517.57		471.42				23.03		600		595.53		488.43				20.95																						240		465.96						465.96		9.51										556.7		496.32						60.38		540		501.74		459.97										446.01		429.13						16.88

																								610		520.15		473.27				23.16		610		600.29		490.64				21.05																						250		471.61						471.61		9.58																				550				461.93										457.35		438.82						18.53

																								620		522.7		475.1				23.3		620		605.04		492.83				21.15																						260		477.22						477.22		9.65																				560		507.1		463.86										468.43		448.26						20.17

																								630		525.24		476.91				23.43		630		609.79		495				21.26																						270		482.78						482.78		9.72																				570		509.74		465.78										479.28		457.47						21.81

																								640		527.76		478.71				23.56		640		614.54		497.15				21.36																						280		488.31						488.31		9.78																				580		512.37		467.67										489.92		466.48						23.44

																								650		530.27		480.49				23.69		650		619.28		499.28				21.46																						290		493.8						493.8		9.84																				590		514.98		469.56										500.37		475.29						25.08

																								660		532.76		482.26				23.82		660		624.03		501.39				21.56																						300		499.25						499.25		9.91																				600				471.42										510.64		483.93						26.71

																								670		535.23		484.01				23.96																																																														610		520.15		473.27										520.75		492.41						28.34

																								680		537.69		485.74				24.09																																																														620		522.7		475.1										530.7		500.73						29.97

																								690		540.13		487.47				24.21																																																														630		525.24		476.91

																								700		542.55		489.17				24.34																																																														640		527.76		478.71

																								710		544.96		490.87				24.47																																																														650				480.49

																								720		547.36		492.55				24.6																																																														660		532.76		482.26

																								730		549.74		494.21				24.73																100				375.03				375.03				8.77																																		670		535.23		484.01

																								740		552.11		495.87				24.86																110				380.83				380.83				8.95																																		680		537.69		485.74

																								750		554.46		497.51				24.98																120				386.45				386.45				9.13																																		690		540.13		487.47

																								760		556.8		499.14				25.11																130				391.95				391.95				9.3																																		700				489.17

																																																140				9.3				9.3				9.46																																		710		544.96		490.87

																																																150				402.59				402.59				9.62																																		720		547.36		492.55

																																																160				407.76				407.76				9.77																																		730		549.74		494.21

																																																170				412.87				412.87				9.91																																		740		552.11		495.87

						convetion, const param										convection, nonlinear																																180				417.84				417.84				10.05																																		750				497.51

				Ps[kW]		Tmax								Tśr																																		190				422.74				422.74				10.18																																		760		556.8		499.14

																																																200				427.59				427.59				10.31

						Konwekcja, par. stałe		Konwekcja, par. nieliniowe						Konwekcja, par. stałe		Konwekcja, par. nieliniowe																																210				432.36				432.36				10.44

				60		358.06						60		352.85																																		220				437.07				437.07				10.56

				80		374.05						80		367.15																																		230				441.71				441.71				10.68

				100		389.38						100		380.79																																		240				446.28				446.28				10.79

				120		404.17						120		393.9																																		250				450.82				450.82				10.91

				140		418.55						140		406.6																																		260				455.27				455.27				11.02

				160		432.6						160		418.98																																		270				459.69				459.69				11.12

				180		446.36						180		431.07																																		280				464.05				464.05				11.23

				200		459.87						200		442.91																																		290				468.39				468.39				11.33																				only fluid varying, alumina constant, no radiation

				220		473.16						220		454.54																																		300				472.66				472.66				11.43

				240		486.24						240		465.96																																		310				476.91				476.91				11.53

				260		499.15						260		477.22																																		320				481.08				481.08				11.63																																with radiation

				280		511.9						280		488.31																																		330				485.24				485.24				11.72

				300		524.49						300		499.25																																		340				489.35				489.35				11.81																60				355.58		350.38				7.83

																																																350				493.41				493.41				11.91																80				370.32		363.43				8.3		50		328		325				13.3

																																																360				497.44				497.44				12																100				384.17		375.6				8.7		100		352.21		344.05				14.94

				60				358.32				60				351.63																																																												120				397.41		387.17				9.06		150		372.97		360.84				16.22

				80				374.93				80				365.49																																																												140				410.14		398.23				9.38		200		391.94		375.89				17.34

				100								100																																																																160				422.45		408.88				9.67		250		409.56		389.64				18.35

				120				407.06				120				391.36																																																												180				434.39		419.16				9.94		300		426.09		402.34				19.29

				140				422.95				140				403.73																																																												200				446.01		429.13				10.19		350		441.72		414.17				20.17

				160				438.83				160				415.84																																																												220				457.35		438.82				10.43		400		456.58		425.26				21.01

				180				454.76				180				427.73																																																												240				468.43		448.26				10.65		450		470.77		435.72				21.81

				200				470.78				200				439.44																																																												260				479.28		457.47				10.86		500		484.38		445.63				22.59

				220				486.94				220				451.02																																																												280				489.92		466.48				11.07		550		497.46		455.04				23.34

				240				503.26				240				462.47																																																												300				500.37		475.29				11.26		600		510.08		464.02				24.07

				260				519.77				260				473.83																												rad+conv																																320				510.64		483.93				11.45		650		522.28		472.6				24.78

				280				536.48				280				485.11																												Tmax																																340				520.75		492.41				11.63		700		534.09		480.82				25.47

				300				553.43				300				496.31																																																												360				530.7		500.73				11.8		750		545.56		488.72				26.15

																																																																																								800		556.7		496.32				26.81

																																												Konwekcja+ radiacja, par. stałe		Konwekcja+radiacja, par. nieliniowe

																																										50		337

						Konwekcja, par. stałe		Konwekcja, par. nieliniowe																																		100		356																																		only fluid varying

				352.85		7.47																																				150		374.61																																				Konwekcja, par. stałe		Konwekcja, par. nieliniowe																						Konwekcja+Radiacja

				367.15		7.84																																				200		394.33																																		60		352.85		350.38

				380.79		8.14																																				250		412.69																																		80		367.15		363.43								350.38		355.58		5.2				328		325

				393.9		8.41																																				300		429.94																																		100		380.79		375.6								363.43		370.32		6.89				352.21		344.05

				406.6		8.64																																				350		446.26																																		120		393.9		387.17								375.6		384.17		8.57				372.97		360.84

				418.98		8.85																																				400		461.77																																		140		406.6		398.23								387.17		397.41		10.24				391.94		375.89

				431.07		9.03																																				450		476.59																																		160		418.98		408.88								398.23		410.14		11.91				409.56		389.64

				442.91		9.21																																				500		490.78																																		180		431.07		419.16								408.88		422.45		13.57				426.09		402.34

				454.54		9.37																																				550		504.43																																		200		442.91		429.13								419.16		434.39		15.23				441.72		414.17

				465.96		9.51																																				600		517.57																																		220		454.54		438.82								429.13		446.01		16.88				456.58		425.26

				477.22		9.65																																				650		530.27																																		240		465.96		448.26								438.82		457.35		18.53				470.77		435.72

				488.31		9.78																																				700		542.55																																		260		477.22		457.47								448.26		468.43		20.17				484.38		445.63

				499.25		9.91																																				750		554.46																																		280		488.31		466.48								457.47		479.28		21.81				497.46		455.04

																																																																														300		499.25		475.29								466.48		489.92		23.44				510.08		464.02

																																										50				335																																320				483.93								475.29		500.37		25.08				522.28		472.6

				351.63				7.65																																		100				358																																340				492.41								483.93		510.64		26.71				534.09		480.82

				365.49				8.04																																		150				380.84																																360				500.73								492.41		520.75		28.34				545.56		488.72

				375				8.29																																		200				405.08																																												500.73		530.7		29.97				556.7		496.32

				391.36				8.64																																		250				429.02

				403.73				8.88																																		300				452.83																																		Konwekcja, par. stałe		Konwekcja, par. nieliniowe

				415.84				9.09																																		350				476.6																																60		358.06		355.58

				427.73				9.27																																		400				500.36																																80		374.05		370.32

				439.44				9.44																																		450				524.14																																100		389.38		384.17

				451.02				9.58																																		500				547.94																																120		404.17		397.41

				462.47				9.72																																		550				571.75																																140		418.55		410.14

				473.83				9.84																																		600				595.53																																160		432.6		422.45

				485.11				9.95																																		650				619.28																																180		446.36		434.39

				496.31				10.05																																																																						200		459.87		446.01

																																																																														220		473.16		457.35

																																																																														240		486.24		468.43

																																																																														260		499.15		479.28

																																																																														280		511.9		489.92

																																																																														300		524.49		500.37

																																																																														320				510.64

																																																																														340				520.75

																																																																														360				530.7





Arkusz1

		60		60

		80		80

		100		100

		120		120

		140		140

		160		160

		180		180

		200		200

		220		220

		240		240

		260		260

		280		280

		300		300

		60		60

		80		80

		100		100

		120		120

		140		140

		160		160

		180		180

		200		200

		220		220

		240		240

		260		260

		280		280

		300		300



Konwekcja, par. stałe

Konwekcja, par. nieliniowe

Ps[W/m2]

Tmax[K]

358.06

374.05

389.38

404.17

418.55

432.6

446.36

459.87

473.16

486.24

499.15

511.9

524.49

358.32

374.93

407.06

422.95

438.83

454.76

470.78

486.94

503.26

519.77

536.48

553.43



Arkusz2
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		100		100
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		140		140

		160		160
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		200		200

		220		220

		240		240

		260		260

		280		280

		300		300

		60		60

		80		80

		100		100

		120		120

		140		140

		160		160

		180		180

		200		200

		220		220

		240		240

		260		260

		280		280

		300		300



Konwekcja, par. stałe

Konwekcja, par. nieliniowe

Ps[W/m2]

Tśr[K]

352.85

367.15

380.79

393.9

406.6

418.98

431.07

442.91

454.54

465.96

477.22

488.31

499.25

351.63

365.49

391.36

403.73

415.84

427.73

439.44

451.02

462.47

473.83

485.11

496.31



Arkusz3

		50		50		50

		100		100		100

		150		150		150

		200		200		200

		250		250		250

		300		300		300

		350		350		350

		400		400		400

		450		450		450

		500		500		500

		550		550		550

		600		600		600

		650		650		650

		700		700		700

		750		750		750

		50		50		50

		100		100		100

		150		150		150

		200		200		200

		250		250		250

		300		300		300

		350		350		350

		400		400		400

		450		450		450

		500		500		500

		550		550		550

		600		600		600

		650		650		650

		50		50		50

		100		100		100

		150		150		150

		200		200		200

		250		250		250

		300		300		300

		350		350		350

		400		400		400

		450		450		450

		500		500		500

		550		550		550

		600		600		600

		650		650		650

		700		700		700

		750		750		750

		800		800		800



Par. stałe

Par. nieliniowe

Par. nieliniowe ośrodka

Ps[W/m2]

Tśr[K]

324

345

362.47

378.27

392.74

406.15

418.66

430.4

441.48

451.96

461.93

471.42

480.49

489.17

497.51

326

347

364.02

380.99

396.9

411.93

426.21

439.82

452.81

465.22

477.09

488.43

499.28

325

344.05

360.84

375.89

389.64

402.34

414.17

425.26

435.72

445.63

455.04

464.02

472.6

480.82

488.72

496.32



		324		324		324

		345		345		345

		362.47		362.47		362.47

		378.27		378.27		378.27

		392.74		392.74		392.74

		406.15		406.15		406.15

		418.66		418.66		418.66

		430.4		430.4		430.4

		441.48		441.48		441.48

		451.96		451.96		451.96

		461.93		461.93		461.93

		471.42		471.42		471.42

		480.49		480.49		480.49

		489.17		489.17		489.17

		497.51		497.51		497.51

		326		326		326

		347		347		347

		364.02		364.02		364.02

		380.99		380.99		380.99

		396.9		396.9		396.9

		411.93		411.93		411.93

		426.21		426.21		426.21

		439.82		439.82		439.82

		452.81		452.81		452.81

		465.22		465.22		465.22

		477.09		477.09		477.09

		488.43		488.43		488.43

		499.28		499.28		499.28

		325		325		325

		344.05		344.05		344.05

		360.84		360.84		360.84

		375.89		375.89		375.89

		389.64		389.64		389.64

		402.34		402.34		402.34

		414.17		414.17		414.17

		425.26		425.26		425.26

		435.72		435.72		435.72

		445.63		445.63		445.63

		455.04		455.04		455.04

		464.02		464.02		464.02

		472.6		472.6		472.6

		480.82		480.82		480.82

		488.72		488.72		488.72

		496.32		496.32		496.32



Invariable parameters

Fluid only

Par. nieliniowe ośrodka

Tśr[K]

aśr[W/Km2

13.48

0

14.36

15.8

16.81

17.73

18.59

19.41

20.18

20.93

21.65

22.35

23.03

23.69

24.34

24.98

13.38

14.36

15.41

16.25

16.97

17.63

18.24

18.82

19.37

19.91

20.43

20.95

21.46

13.3

14.94

16.22

17.34

18.35

19.29

20.17

21.01

21.81

22.59

23.34

24.07

24.78

25.47

26.15

26.81



		50		50

		100		100

		150		150

		200		200

		250		250

		300		300

		350		350

		400		400

		450		450

		500		500

		550		550

		600		600

		650		650

		700		700

		750		750

		50		50

		100		100

		150		150

		200		200

		250		250

		300		300

		350		350

		400		400

		450		450

		500		500

		550		550

		600		600

		650		650



Konwekcja+ radiacja, par. stałe

Konwekcja+radiacja, par. nieliniowe

Ps[W/m2]

Tmax[K]

337

356

374.61

394.33

412.69

429.94

446.26

461.77

476.59

490.78

504.43

517.57

530.27

542.55

554.46

335

358

380.84

405.08

429.02

452.83

476.6

500.36

524.14

547.94

571.75

595.53

619.28



		352.85		352.85

		367.15		367.15

		380.79		380.79

		393.9		393.9

		406.6		406.6

		418.98		418.98

		431.07		431.07

		442.91		442.91

		454.54		454.54

		465.96		465.96

		477.22		477.22

		488.31		488.31

		499.25		499.25

		351.63		351.63

		365.49		365.49

		375		375

		391.36		391.36

		403.73		403.73

		415.84		415.84

		427.73		427.73

		439.44		439.44

		451.02		451.02

		462.47		462.47

		473.83		473.83

		485.11		485.11

		496.31		496.31



Konwekcja, par. stałe

Konwekcja, par. nieliniowe

Tśr[K]

aśr[W/Km2]

7.47

7.84

8.14

8.41

8.64

8.85

9.03

9.21

9.37

9.51

9.65

9.78

9.91

7.65

8.04

8.29

8.64

8.88

9.09

9.27

9.44

9.58

9.72

9.84

9.95

10.05



		352.85		352.85		352.85

		367.15		367.15		367.15

		380.79		380.79		380.79

		393.9		393.9		393.9

		406.6		406.6		406.6

		418.98		418.98		418.98

		431.07		431.07		431.07

		442.91		442.91		442.91

		454.54		454.54		454.54

		465.96		465.96		465.96

		477.22		477.22		477.22

		488.31		488.31		488.31

		499.25		499.25		499.25

		351.63		351.63		351.63

		365.49		365.49		365.49

		378		378		378

		391.36		391.36		391.36

		403.73		403.73		403.73

		415.84		415.84		415.84

		427.73		427.73		427.73

		439.44		439.44		439.44

		451.02		451.02		451.02

		462.47		462.47		462.47

		473.83		473.83		473.83

		485.11		485.11		485.11

		496.31		496.31		496.31

		350.38		350.38		350.38

		363.43		363.43		363.43

		375.6		375.6		375.6

		387.17		387.17		387.17

		398.23		398.23		398.23

		408.88		408.88		408.88

		419.16		419.16		419.16

		429.13		429.13		429.13

		438.82		438.82		438.82

		448.26		448.26		448.26

		457.47		457.47		457.47

		466.48		466.48		466.48

		475.29		475.29		475.29

		483.93		483.93		483.93

		492.41		492.41		492.41

		500.73		500.73		500.73



Par. stałe

Par. nieliniowe

Par. nieliniowe ośrodka

Tśr[K]

Tmax-Tśr

5.21

6.9

8.59

10.27

11.95

13.62

15.29

16.96

18.62

20.28

21.93

23.59

25.24

6.69

9.44

12

15.7

19.22

22.99

27.03

31.34

35.92

40.79

45.94

51.37

57.12

5.2

6.89

8.57

10.24

11.91

13.57

15.23

16.88

18.53

20.17

21.81

23.44

25.08

26.71

28.34

29.97



		326		326		326

		345		345		345

		362.47		362.47		362.47

		378.27		378.27		378.27

		392.74		392.74		392.74

		406.15		406.15		406.15

		418.66		418.66		418.66

		430.4		430.4		430.4

		441.48		441.48		441.48

		451.96		451.96		451.96

		461.93		461.93		461.93

		471.42		471.42		471.42

		480.49		480.49		480.49

		489.17		489.17		489.17

		497.51		497.51		497.51

		326		326		326

		357		357		357

		364.02		364.02		364.02

		380.99		380.99		380.99

		396.9		396.9		396.9

		411.93		411.93		411.93

		426.21		426.21		426.21

		439.82		439.82		439.82

		452.81		452.81		452.81

		465.22		465.22		465.22

		477.09		477.09		477.09

		488.43		488.43		488.43

		499.28		499.28		499.28

		325		325		325

		344.05		344.05		344.05

		360.84		360.84		360.84

		375.89		375.89		375.89

		389.64		389.64		389.64

		402.34		402.34		402.34

		414.17		414.17		414.17

		425.26		425.26		425.26

		435.72		435.72		435.72

		445.63		445.63		445.63

		455.04		455.04		455.04

		464.02		464.02		464.02

		472.6		472.6		472.6

		480.82		480.82		480.82

		488.72		488.72		488.72

		496.32		496.32		496.32



Par. stałe

Par. nieliniowe

Par. nieliniowe ośrodka

Tśr[K]

Tmax-Tśr

7

10

12.14

16.06

19.95

23.79

27.6

31.37

35.11

38.82

42.5

46.15

49.78

53.38

56.95

12

14

16.82

24.09

32.12

40.9

50.39

60.54

71.33

82.72

94.66

107.1

120

3

8.16

12.13

16.05

19.92

23.75

27.55

31.32

35.05

38.75

42.42

46.06

49.68

53.27

56.84

60.38
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		280		280

		300		300

		320		320

		340		340

		360		360



Konwekcja, par. stałe

Konwekcja, par. nieliniowe

Ps[W/m2]

Tśr[K]

352.85

350.38

367.15

363.43

380.79

375.6

393.9

387.17

406.6

398.23

418.98

408.88

431.07

419.16

442.91

429.13

454.54

438.82

465.96

448.26

477.22

457.47

488.31

466.48

499.25

475.29

483.93

492.41

500.73



		60		60

		80		80

		100		100

		120		120

		140		140
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		220		220

		240		240

		260		260

		280		280

		300		300
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		360		360



Konwekcja, par. stałe

Konwekcja, par. nieliniowe

Ps[W/m2]

Tmax[K]

358.06

355.58

374.05

370.32

389.38

384.17

404.17

397.41

418.55

410.14

432.6

422.45

446.36

434.39

459.87

446.01

473.16

457.35

486.24

468.43

499.15

479.28

511.9

489.92

524.49

500.37

510.64

520.75

530.7
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		326		326		326

		345		345		345

		362.47		362.47		362.47

		378.27		378.27		378.27

		392.74		392.74		392.74

		406.15		406.15		406.15

		418.66		418.66		418.66

		430.4		430.4		430.4

		441.48		441.48		441.48

		451.96		451.96		451.96

		461.93		461.93		461.93

		471.42		471.42		471.42

		480.49		480.49		480.49

		489.17		489.17		489.17

		497.51		497.51		497.51

		326		326		326

		357		357		357

		364.02		364.02		364.02

		380.99		380.99		380.99

		396.9		396.9		396.9

		411.93		411.93		411.93

		426.21		426.21		426.21

		439.82		439.82		439.82

		452.81		452.81		452.81

		465.22		465.22		465.22

		477.09		477.09		477.09

		488.43		488.43		488.43

		499.28		499.28		499.28

		325		325		325

		344.05		344.05		344.05

		360.84		360.84		360.84

		375.89		375.89		375.89

		389.64		389.64		389.64

		402.34		402.34		402.34

		414.17		414.17		414.17

		425.26		425.26		425.26

		435.72		435.72		435.72

		445.63		445.63		445.63

		455.04		455.04		455.04

		464.02		464.02		464.02

		472.6		472.6		472.6

		480.82		480.82		480.82

		488.72		488.72		488.72

		496.32		496.32		496.32



Invariable parameters

Fluid and substrate par.

Fluid par. only

Tśr[K]

Tmax-Tśr

7

10

12.14

16.06

19.95

23.79

27.6

31.37

35.11

38.82

42.5

46.15

49.78

53.38

56.95

12

14

16.82

24.09

32.12

40.9

50.39

60.54

71.33

82.72

94.66

107.1

120

3

8.16

12.13

16.05

19.92

23.75

27.55

31.32

35.05

38.75

42.42

46.06

49.68

53.27

56.84

60.38



Arkusz1

		

																																														Ps		Tśr		Konw.i rad. par. stałe								Tśr		aśr

																										radiatio, constant parametrs										radiation, varying parametrs

				convetion, const param										convection, nonlinear										Ps										Ps														Invariable parameters		Fluid and substrate par.		Fluid par. only								Invariable parameters		Fluid and substrate par.		Fluid par. only

		P[kW]		Tmax		Tsr				hsr														60		334.23		329.28				13.48		60		335.29		329.51				13.38				50		324										324		13.48

		60		358.06		352.85				7.47				358.32		351.63				7.65				70		339.14		333.39				13.79		70		340.58		333.7				13.66				100		345										345		14.36

		70		366.18		360.13				7.66				366.73		358.69				7.85				80		343.92		337.36				14.09		80		345.78		337.78				13.93				150		362.47										362.47		15.8																																																																																																																																																								stare wyniki dla ta-T1,i

		80		374.05		367.15				7.84				374.93		365.49				8.04				90		348.58		341.22				14.36		90		350.92		341.76				14.18				200		378.27										378.27		16.81																																																																																																																																																								379.36		370.85				9.29		100		382.53		370.59				9.32

		90		381.77		374.02				8														100										100												250		392.74										392.74		17.73																																																																																																																																																								385.61		376.27				9.49		110		389.54		376.12				9.51

		100		389.38		380.79				8.14														110		357.6		348.64				14.88		110		382.53		349.46				14.63				300		406.15										406.15		18.59																												Invariable parameters		Fluid and substrate par.		Fluid par. only																																																																																																																								391.72		381.55				9.68		120		396.48		381.52				9.68

		110		396.83		387.4				8.28				399.03		384.99				8.51				120		361.98		352.22				15.12		120		366.04		353.2				14.84				350		418.66										418.66		19.41																								333		326		7						60		334.23		329.28																																																																																																																		397.68		386.69				9.87		130		403.36		386.83				9.85

		120		404.17		393.9				8.41				407.06		391.36				8.64				130		366.27		355.71				15.35		130		371		356.87				15.04				400		430.4										430.4		20.18																								355		345		10						70		339.14		333.39																																																																																																																		403.52		391.71				10.04		140		410.20		392.03				10.01

		130		411.41		400.3				8.53				415.01		97.58				8.76				140		370.48		359.13				15.58		140		375.94		360.47				15.23				450		441.48										441.48		20.93																								374.61		362.47		12.14						80		343.92		337.36																																																																																																																		409.24		396.61				10.21		150		416.99		397.14				10.16

		140		418.55		406.6				8.64				422.95		403.73				8.88				150		374.61		362.47				15.8		150		380.84		364.02				15.41				500		451.96										451.96		21.65																								394.33		378.27		16.06						90		348.58		341.22																																																																																																																		414.84		401.40				10.38		160		423.75		402.17				10.30

		150		425.62		412.83				8.75				430.88		409.81				8.99				160		378.68		365.75				16.01		160		385.72		367.51				15.59				550		461.93										461.93		22.35																				Tsr, r+c,stale				412.69		392.74		19.95						100																																																																																																																						420.34		406.08				10.54		170		430.47		407.13				10.44

		160		432.6		418.98				8.85				438.83		415.84				9.09				170		382.68		368.97				16.22		170		390.59		370.95				15.76				600		471.42										471.42		23.03																								429.94		406.15		23.79						110		357.6		348.64																																																																																																																		425.73		410.66				10.70		180		437.17		412.01				10.57

		170		439.51		425.06				8.94				446.78		421.8				9.18				180		386.62		372.13				16.42		180		395.43		374.34				15.93				650		480.49										480.49		23.69																								446.26		418.66		27.6						120		361.98		352.22																																																																																																																		431.03		415.15				10.85		190		443.85		416.82				10.70

		180		446.36		431.07				9.03				454.76		427.73				9.27				190		390.51		375.22				16.62		190		400.26		377.69				16.09				700		489.17										489.17		24.34																								461.77		430.4		31.37						130		366.27		355.71																																																																																																																		436.24		419.56				11.01		200		450.51		421.56				10.82

		190		453.14		437.02				9.12				462.75		433.6				9.36				200		394.33		378.27				16.81		200		405.08		380.99				16.25				750		497.51										497.51		24.98																								476.59		441.48		35.11						140		370.48		359.13														Invariable parameters		Fluid and substrate par.		Fluid par. only																																																																																																441.36		423.87				11.15		210		457.15		426.25				10.94

		200		459.87		442.91				9.21				470.78		439.44				9.44				210		398.1		381.26				17		210		409.89		384.25				16.4				50				326																																		490.78		451.96		38.82						150				362.47										358.06		352.85		5.21																																																																																																				446.40		428.11				11.30		220		463.78		430.87				11.06

		210		466.54		448.75				9.29				478.84		445.25				9.51				220		401.82		384.2				17.19		220		414.68		387.47				16.55				100				347								326				13.38																						504.43		461.93		42.5						160		378.68		365.75										374.05		367.15		6.9																																																																																																				451.36		432.27				11.44		230		470.40		435.44				11.17

		220		473.16		454.54				9.37				486.94		451.02				9.58				230		405.49		387.09		380.84		17.37		230		419.47		390.65				16.69				150				364.02								347				14.36																						517.57		471.42		46.15						170		382.68		368.97										389.38		380.79		8.59																																																																																																				456.25		436.35				11.58		240		477.01		439.95				11.28

		230		479.72		460.27				9.44				495.08		456.76				9.65				240		409.11		389.94		405.08		17.56		240		424.25		393.79				16.83				200				380.99								364.02				15.41																						530.27		480.49		49.78						180		386.62		372.13										404.17		393.9		10.27																																																																																																				461.05		440.36				11.72		250		483.61		444.42				11.39

		240		486.24		465.96				9.51				503.26		462.47				9.72				250		412.69		392.74		429.02		17.73		250		429.02		396.9				16.97				250				396.9								380.99				16.25																						542.55		489.17		53.38						190		390.51		375.22										418.55		406.6		11.95																																																																																																				465.79		444.30				11.85		260		490.21		448.83				11.49

		250		492.72		471.61				9.58				511.49		468.16				9.78				260		416.22		395.5		452.83		17.91		260		433.79		399.97				17.11				300				411.93								396.9				16.97																						554.46		497.51		56.95						200				378.27										432.6		418.98		13.62																																																																																																				470.46		448.18				11.99		270		496.80		453.19				11.60

		260		499.15		477.22				9.65				519.77		473.83				9.84				270		419.71		398.22		476.6		18.08		270		438.56		403.01				17.24				350				426.21								411.93				17.63																																210		398.1		381.26										446.36		431.07		15.29																																																																																																				475.07		451.99				12.12		280		503.38		457.51				11.70

		270		505.55		482.78				9.72				528.1		479.48				9.9				280		423.16		400.9		500.36		18.26		280		443.32		406.01				17.38				400				439.82								426.21				18.24																																220		401.82		384.2										459.87		442.91		16.96																																																																																																				479.61		455.74				12.25		290		509.97		461.78				11.79

		280		511.9		488.31				9.78				536.48		485.11				9.95				290		426.57		403.55		524.14		18.43		290		448.08		408.99				17.51				450				452.81								439.82				18.82																																230		405.49		387.09										473.16		454.54		18.62																																																																																																				484.09		459.44				12.38		300		516.55		466.01				11.89

		290		518.21		493.8				9.84				544.92		490.72				10				300		429.94		406.15		547.94		18.59		300		452.83		411.93				17.63				500				465.22								452.81				19.37																																240		409.11		389.94										486.24		465.96		20.28																																																																																																				488.51		463.07				12.51		310

		300		524.49		499.25				9.91				553.43		496.31				10.05				310		433.27		408.72		571.75		18.76		310		457.59		414.85				17.76				550				477.09								465.22				19.91																						338		326				12				250				392.74										499.15		477.22		21.93																																																																																																				492.87		466.65				12.63		320

																								320		436.57		411.25		595.53		18.92		320		462.34		417.73				17.88				600				488.43								477.09				20.43																						371		357				14				260		416.22		395.5										511.9		488.31		23.59																																																																																																				497.18		470.17				12.76		330

																								330		439.83		413.76		619.28		19.09		330		467.09		420.58				18				650				499.28								488.43				20.95																						380.84		364.02				16.82				270		419.71		398.22										524.49		499.25		25.24																																																																																																				501.43		473.64				12.88		340

																								340		443.06		416.22				19.25		340		471.85		423.41				18.12																499.28				21.46																						405.08		380.99				24.09				280		423.16		400.9																																																																																																																		505.63		477.06				13.00		350

																								350		446.26		418.66				19.41		350		476.6		426.21				18.24																																										429.02		396.9				32.12				290		426.57		403.55																																																																																																																		509.78		480.44				13.13		360

																								360		449.42		421.07				19.56		360		481.35		428.99				18.36																																										452.83		411.93				40.9				300				406.15																																																																																																																		513.88		483.76				13.25		370

																								370		452.55		423.44				19.72		370		486.1		431.73				18.48				50						325						325						13.3																Tsr, r+c,nieliniowe				476.6		426.21				50.39				310		433.27		408.72										358.32		351.63				6.69																																																																																																		517.94		487.04				13.37		380

																								380		455.66		425.79				19.87		380		490.85		434.45				18.59				100						344.05						344.05						14.94																				500.36		439.82				60.54				320		436.57		411.25										374.93		365.49				9.44																																																																																																		521.94		490.27				13.49

																								390		458.73		428.11				20.03		390		495.61		437.15				18.71				150						360.84						360.84						16.22																				524.14		452.81				71.33				330		439.83		413.76										390		378				12																																																																																																		525.90		493.46				13.60

																								400		461.77		430.4				20.18		400		500.36		439.82				18.82				200						375.89						375.89						17.34																				547.94		465.22				82.72				340		443.06		416.22										407.06		391.36				15.7																																																																																																		529.82		496.60				13.72

																								410		464.79		432.67				20.33		410		505.12		442.47				18.93				250						389.64						389.64						18.35																				571.75		477.09				94.66				350				418.66										422.95		403.73				19.22																																																																																																		533.69		499.71				13.84

																								420		467.78		434.91				20.48		420		509.87		445.09				19.04				300						402.34						402.34						19.29																				595.53		488.43				107.1				360		449.42		421.07										438.83		415.84				22.99

																								430		470.74		437.12				20.63		430		514.63		447.68				19.16				350						414.17						414.17						20.17																				619.28		499.28				120				370		452.55		423.44										454.76		427.73				27.03

																								440		473.68		439.31				20.78		440		519.39		450.26				19.26				400						425.26						425.26						21.01																														380		455.66		425.79										470.78		439.44				31.34

																								450		476.59		441.48				20.93		450		524.14		452.81				19.37				450						435.72						435.72						21.81		Konwekcja, par. stałe																		328		325						3		390		458.73		428.11										486.94		451.02				35.92

																								460		479.47		443.62				21.07		460		528.9		455.34				19.48				500						445.63						445.63						22.59		380.79						380.79		8.14										352.21		344.05						8.16		400				430.4										503.26		462.47				40.79

																								470		482.34		445.74				21.22		470		533.66		457.84				19.59				550						455.04						455.04						23.34		387.4						387.4		8.28										372.97		360.84						12.13		410		464.79		432.67										519.77		473.83				45.94

																								480		485.18		447.83				21.36		480		538.42		460.32				19.7				600						464.02						464.02						24.07		393.9						393.9		8.41										391.94		375.89						16.05		420		467.78		434.91										536.48		485.11				51.37

																								490		487.99		449.91				21.5		490		543.18		462.78				19.8				650						472.6						472.6						24.78		400.3						400.3		8.53										409.56		389.64						19.92		430		470.74		437.12										553.43		496.31				57.12

																								500		490.78		451.96				21.65		500		547.94		465.22				19.91				700						480.82						480.82						25.47		406.6						406.6		8.64										426.09		402.34						23.75		440		473.68		439.31

																								510		493.56		454				21.79		510		552.7		467.64				20.01				750						488.72						488.72						26.15		412.83						412.83		8.75										441.72		414.17						27.55		450				441.48

																								520		496.3		456.01				21.93		520		557.46		470.03				20.12				800						496.32						496.32						26.81		418.98						418.98		8.85										456.58		425.26						31.32		460		479.47		443.62

																								530		499.03		458				22.07		530		562.22		472.41				20.22																						170		425.06						425.06		8.94										470.77		435.72						35.05		470		482.34		445.74										355.58		350.38						5.2

																								540		501.74		459.97				22.21		540		566.99		474.76				20.33																						180		431.07						431.07		9.03										484.38		445.63						38.75		480		485.18		447.83										370.32		363.43						6.89

																								550		504.43		461.93				22.35		550		571.75		477.09				20.43																						190		437.02						437.02		9.12										497.46		455.04						42.42		490		487.99		449.91										384.17		375.6						8.57

																								560		507.1		463.86				22.48		560		576.5		479.4				20.54																						200		442.91						442.91		9.21										510.08		464.02						46.06		500				451.96										397.41		387.17						10.24

																								570		509.74		465.78				22.62		570		581.26		481.69				20.64																						210		448.75						448.75		9.29										522.28		472.6						49.68		510		493.56		454										410.14		398.23						11.91

																								580		512.37		467.67				22.76		580		586.02		483.96				20.74																						220		454.54						454.54		9.37										534.09		480.82						53.27		520		496.3		456.01										422.45		408.88						13.57

																								590		514.98		469.56				22.89		590		590.78		486.2				20.85																						230		460.27						460.27		9.44										545.56		488.72						56.84		530		499.03		458										434.39		419.16						15.23

																								600		517.57		471.42				23.03		600		595.53		488.43				20.95																						240		465.96						465.96		9.51										556.7		496.32						60.38		540		501.74		459.97										446.01		429.13						16.88

																								610		520.15		473.27				23.16		610		600.29		490.64				21.05																						250		471.61						471.61		9.58																				550				461.93										457.35		438.82						18.53

																								620		522.7		475.1				23.3		620		605.04		492.83				21.15																						260		477.22						477.22		9.65																				560		507.1		463.86										468.43		448.26						20.17

																								630		525.24		476.91				23.43		630		609.79		495				21.26																						270		482.78						482.78		9.72																				570		509.74		465.78										479.28		457.47						21.81

																								640		527.76		478.71				23.56		640		614.54		497.15				21.36																						280		488.31						488.31		9.78																				580		512.37		467.67										489.92		466.48						23.44

																								650		530.27		480.49				23.69		650		619.28		499.28				21.46																						290		493.8						493.8		9.84																				590		514.98		469.56										500.37		475.29						25.08

																								660		532.76		482.26				23.82		660		624.03		501.39				21.56																						300		499.25						499.25		9.91																				600				471.42										510.64		483.93						26.71

																								670		535.23		484.01				23.96																																																														610		520.15		473.27										520.75		492.41						28.34

																								680		537.69		485.74				24.09																																																														620		522.7		475.1										530.7		500.73						29.97

																								690		540.13		487.47				24.21																																																														630		525.24		476.91

																								700		542.55		489.17				24.34																																																														640		527.76		478.71

																								710		544.96		490.87				24.47																																																														650				480.49

																								720		547.36		492.55				24.6																																																														660		532.76		482.26

																								730		549.74		494.21				24.73																100				375.03				375.03				8.77																																		670		535.23		484.01

																								740		552.11		495.87				24.86																110				380.83				380.83				8.95																																		680		537.69		485.74

																								750		554.46		497.51				24.98																120				386.45				386.45				9.13																																		690		540.13		487.47

																								760		556.8		499.14				25.11																130				391.95				391.95				9.3																																		700				489.17

																																																140				9.3				9.3				9.46																																		710		544.96		490.87

																																																150				402.59				402.59				9.62																																		720		547.36		492.55

																																																160				407.76				407.76				9.77																																		730		549.74		494.21

																																																170				412.87				412.87				9.91																																		740		552.11		495.87

						convetion, const param										convection, nonlinear																																180				417.84				417.84				10.05																																		750				497.51

				Ps[kW]		Tmax								Tśr																																		190				422.74				422.74				10.18																																		760		556.8		499.14

																																																200				427.59				427.59				10.31

						Konwekcja, par. stałe		Konwekcja, par. nieliniowe						Konwekcja, par. stałe		Konwekcja, par. nieliniowe																																210				432.36				432.36				10.44

				60		358.06						60		352.85																																		220				437.07				437.07				10.56

				80		374.05						80		367.15																																		230				441.71				441.71				10.68

				100		389.38						100		380.79																																		240				446.28				446.28				10.79

				120		404.17						120		393.9																																		250				450.82				450.82				10.91

				140		418.55						140		406.6																																		260				455.27				455.27				11.02

				160		432.6						160		418.98																																		270				459.69				459.69				11.12

				180		446.36						180		431.07																																		280				464.05				464.05				11.23

				200		459.87						200		442.91																																		290				468.39				468.39				11.33																				only fluid varying, alumina constant, no radiation

				220		473.16						220		454.54																																		300				472.66				472.66				11.43

				240		486.24						240		465.96																																		310				476.91				476.91				11.53

				260		499.15						260		477.22																																		320				481.08				481.08				11.63																																with radiation

				280		511.9						280		488.31																																		330				485.24				485.24				11.72

				300		524.49						300		499.25																																		340				489.35				489.35				11.81																60				355.58		350.38				7.83

																																																350				493.41				493.41				11.91																80				370.32		363.43				8.3		50		328		325				13.3

																																																360				497.44				497.44				12																100				384.17		375.6				8.7		100		352.21		344.05				14.94

				60				358.32				60				351.63																																																												120				397.41		387.17				9.06		150		372.97		360.84				16.22

				80				374.93				80				365.49																																																												140				410.14		398.23				9.38		200		391.94		375.89				17.34

				100								100																																																																160				422.45		408.88				9.67		250		409.56		389.64				18.35

				120				407.06				120				391.36																																																												180				434.39		419.16				9.94		300		426.09		402.34				19.29

				140				422.95				140				403.73																																																												200				446.01		429.13				10.19		350		441.72		414.17				20.17

				160				438.83				160				415.84																																																												220				457.35		438.82				10.43		400		456.58		425.26				21.01

				180				454.76				180				427.73																																																												240				468.43		448.26				10.65		450		470.77		435.72				21.81

				200				470.78				200				439.44																																																												260				479.28		457.47				10.86		500		484.38		445.63				22.59

				220				486.94				220				451.02																																																												280				489.92		466.48				11.07		550		497.46		455.04				23.34

				240				503.26				240				462.47																																																												300				500.37		475.29				11.26		600		510.08		464.02				24.07

				260				519.77				260				473.83																												rad+conv																																320				510.64		483.93				11.45		650		522.28		472.6				24.78

				280				536.48				280				485.11																												Tmax																																340				520.75		492.41				11.63		700		534.09		480.82				25.47

				300				553.43				300				496.31																																																												360				530.7		500.73				11.8		750		545.56		488.72				26.15

																																																																																								800		556.7		496.32				26.81

																																												Konwekcja+ radiacja, par. stałe		Konwekcja+radiacja, par. nieliniowe

																																										50		337

						Konwekcja, par. stałe		Konwekcja, par. nieliniowe																																		100		356																																		only fluid varying

				352.85		7.47																																				150		374.61																																				Konwekcja, par. stałe		Konwekcja, par. nieliniowe																						Konwekcja+Radiacja

				367.15		7.84																																				200		394.33																																		60		352.85		350.38

				380.79		8.14																																				250		412.69																																		80		367.15		363.43								350.38		355.58		5.2				328		325

				393.9		8.41																																				300		429.94																																		100		380.79		375.6								363.43		370.32		6.89				352.21		344.05

				406.6		8.64																																				350		446.26																																		120		393.9		387.17								375.6		384.17		8.57				372.97		360.84

				418.98		8.85																																				400		461.77																																		140		406.6		398.23								387.17		397.41		10.24				391.94		375.89

				431.07		9.03																																				450		476.59																																		160		418.98		408.88								398.23		410.14		11.91				409.56		389.64

				442.91		9.21																																				500		490.78																																		180		431.07		419.16								408.88		422.45		13.57				426.09		402.34

				454.54		9.37																																				550		504.43																																		200		442.91		429.13								419.16		434.39		15.23				441.72		414.17

				465.96		9.51																																				600		517.57																																		220		454.54		438.82								429.13		446.01		16.88				456.58		425.26

				477.22		9.65																																				650		530.27																																		240		465.96		448.26								438.82		457.35		18.53				470.77		435.72

				488.31		9.78																																				700		542.55																																		260		477.22		457.47								448.26		468.43		20.17				484.38		445.63

				499.25		9.91																																				750		554.46																																		280		488.31		466.48								457.47		479.28		21.81				497.46		455.04

																																																																														300		499.25		475.29								466.48		489.92		23.44				510.08		464.02

																																										50				335																																320				483.93								475.29		500.37		25.08				522.28		472.6

				351.63				7.65																																		100				358																																340				492.41								483.93		510.64		26.71				534.09		480.82

				365.49				8.04																																		150				380.84																																360				500.73								492.41		520.75		28.34				545.56		488.72

				375				8.29																																		200				405.08																																												500.73		530.7		29.97				556.7		496.32

				391.36				8.64																																		250				429.02

				403.73				8.88																																		300				452.83																																		Konwekcja, par. stałe		Konwekcja, par. nieliniowe

				415.84				9.09																																		350				476.6																																60		358.06		355.58

				427.73				9.27																																		400				500.36																																80		374.05		370.32

				439.44				9.44																																		450				524.14																																100		389.38		384.17

				451.02				9.58																																		500				547.94																																120		404.17		397.41

				462.47				9.72																																		550				571.75																																140		418.55		410.14

				473.83				9.84																																		600				595.53																																160		432.6		422.45

				485.11				9.95																																		650				619.28																																180		446.36		434.39

				496.31				10.05																																																																						200		459.87		446.01

																																																																														220		473.16		457.35

																																																																														240		486.24		468.43

																																																																														260		499.15		479.28

																																																																														280		511.9		489.92

																																																																														300		524.49		500.37

																																																																														320				510.64

																																																																														340				520.75

																																																																														360				530.7
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Wykres1

		324		324		324

		345		345		345

		362.47		362.47		362.47
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		414.17		414.17		414.17
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		435.72		435.72		435.72
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																																														Ps		Tśr		Konw.i rad. par. stałe								Tśr		aśr

																										radiatio, constant parametrs										radiation, varying parametrs

				convetion, const param										convection, nonlinear										Ps										Ps														Par. stałe		Par. nieliniowe		Par. nieliniowe ośrodka								Invariable parameters		Fluid and substrate par.		Fluid par. only

		P[kW]		Tmax		Tsr				hsr														60		334.23		329.28				13.48		60		335.29		329.51				13.38				50		324										324		13.48

		60		358.06		352.85				7.47				358.32		351.63				7.65				70		339.14		333.39				13.79		70		340.58		333.7				13.66				100		345										345		14.36

		70		366.18		360.13				7.66				366.73		358.69				7.85				80		343.92		337.36				14.09		80		345.78		337.78				13.93				150		362.47										362.47		15.8																																																																																																																																																								stare wyniki dla ta-T1,i

		80		374.05		367.15				7.84				374.93		365.49				8.04				90		348.58		341.22				14.36		90		350.92		341.76				14.18				200		378.27										378.27		16.81																																																																																																																																																								379.36		370.85				9.29		100		382.53		370.59				9.32

		90		381.77		374.02				8														100										100												250		392.74										392.74		17.73																																																																																																																																																								385.61		376.27				9.49		110		389.54		376.12				9.51

		100		389.38		380.79				8.14														110		357.6		348.64				14.88		110		382.53		349.46				14.63				300		406.15										406.15		18.59																												Par. stałe		Par. nieliniowe		Par. nieliniowe ośrodka																																																																																																																								391.72		381.55				9.68		120		396.48		381.52				9.68

		110		396.83		387.4				8.28				399.03		384.99				8.51				120		361.98		352.22				15.12		120		366.04		353.2				14.84				350		418.66										418.66		19.41																								333		326		7						60		334.23		329.28																																																																																																																		397.68		386.69				9.87		130		403.36		386.83				9.85

		120		404.17		393.9				8.41				407.06		391.36				8.64				130		366.27		355.71				15.35		130		371		356.87				15.04				400		430.4										430.4		20.18																								355		345		10						70		339.14		333.39																																																																																																																		403.52		391.71				10.04		140		410.20		392.03				10.01

		130		411.41		400.3				8.53				415.01		97.58				8.76				140		370.48		359.13				15.58		140		375.94		360.47				15.23				450		441.48										441.48		20.93																								374.61		362.47		12.14						80		343.92		337.36																																																																																																																		409.24		396.61				10.21		150		416.99		397.14				10.16

		140		418.55		406.6				8.64				422.95		403.73				8.88				150		374.61		362.47				15.8		150		380.84		364.02				15.41				500		451.96										451.96		21.65																								394.33		378.27		16.06						90		348.58		341.22																																																																																																																		414.84		401.40				10.38		160		423.75		402.17				10.30

		150		425.62		412.83				8.75				430.88		409.81				8.99				160		378.68		365.75				16.01		160		385.72		367.51				15.59				550		461.93										461.93		22.35																				Tsr, r+c,stale				412.69		392.74		19.95						100																																																																																																																						420.34		406.08				10.54		170		430.47		407.13				10.44

		160		432.6		418.98				8.85				438.83		415.84				9.09				170		382.68		368.97				16.22		170		390.59		370.95				15.76				600		471.42										471.42		23.03																								429.94		406.15		23.79						110		357.6		348.64																																																																																																																		425.73		410.66				10.70		180		437.17		412.01				10.57

		170		439.51		425.06				8.94				446.78		421.8				9.18				180		386.62		372.13				16.42		180		395.43		374.34				15.93				650		480.49										480.49		23.69																								446.26		418.66		27.6						120		361.98		352.22																																																																																																																		431.03		415.15				10.85		190		443.85		416.82				10.70

		180		446.36		431.07				9.03				454.76		427.73				9.27				190		390.51		375.22				16.62		190		400.26		377.69				16.09				700		489.17										489.17		24.34																								461.77		430.4		31.37						130		366.27		355.71																																																																																																																		436.24		419.56				11.01		200		450.51		421.56				10.82

		190		453.14		437.02				9.12				462.75		433.6				9.36				200		394.33		378.27				16.81		200		405.08		380.99				16.25				750		497.51										497.51		24.98																								476.59		441.48		35.11						140		370.48		359.13														Par. stałe		Par. nieliniowe		Par. nieliniowe ośrodka																																																																																																441.36		423.87				11.15		210		457.15		426.25				10.94

		200		459.87		442.91				9.21				470.78		439.44				9.44				210		398.1		381.26				17		210		409.89		384.25				16.4				50				326																																		490.78		451.96		38.82						150				362.47										358.06		352.85		5.21																																																																																																				446.40		428.11				11.30		220		463.78		430.87				11.06

		210		466.54		448.75				9.29				478.84		445.25				9.51				220		401.82		384.2				17.19		220		414.68		387.47				16.55				100				347								326				13.38																						504.43		461.93		42.5						160		378.68		365.75										374.05		367.15		6.9																																																																																																				451.36		432.27				11.44		230		470.40		435.44				11.17

		220		473.16		454.54				9.37				486.94		451.02				9.58				230		405.49		387.09		380.84		17.37		230		419.47		390.65				16.69				150				364.02								347				14.36																						517.57		471.42		46.15						170		382.68		368.97										389.38		380.79		8.59																																																																																																				456.25		436.35				11.58		240		477.01		439.95				11.28

		230		479.72		460.27				9.44				495.08		456.76				9.65				240		409.11		389.94		405.08		17.56		240		424.25		393.79				16.83				200				380.99								364.02				15.41																						530.27		480.49		49.78						180		386.62		372.13										404.17		393.9		10.27																																																																																																				461.05		440.36				11.72		250		483.61		444.42				11.39

		240		486.24		465.96				9.51				503.26		462.47				9.72				250		412.69		392.74		429.02		17.73		250		429.02		396.9				16.97				250				396.9								380.99				16.25																						542.55		489.17		53.38						190		390.51		375.22										418.55		406.6		11.95																																																																																																				465.79		444.30				11.85		260		490.21		448.83				11.49

		250		492.72		471.61				9.58				511.49		468.16				9.78				260		416.22		395.5		452.83		17.91		260		433.79		399.97				17.11				300				411.93								396.9				16.97																						554.46		497.51		56.95						200				378.27										432.6		418.98		13.62																																																																																																				470.46		448.18				11.99		270		496.80		453.19				11.60

		260		499.15		477.22				9.65				519.77		473.83				9.84				270		419.71		398.22		476.6		18.08		270		438.56		403.01				17.24				350				426.21								411.93				17.63																																210		398.1		381.26										446.36		431.07		15.29																																																																																																				475.07		451.99				12.12		280		503.38		457.51				11.70

		270		505.55		482.78				9.72				528.1		479.48				9.9				280		423.16		400.9		500.36		18.26		280		443.32		406.01				17.38				400				439.82								426.21				18.24																																220		401.82		384.2										459.87		442.91		16.96																																																																																																				479.61		455.74				12.25		290		509.97		461.78				11.79

		280		511.9		488.31				9.78				536.48		485.11				9.95				290		426.57		403.55		524.14		18.43		290		448.08		408.99				17.51				450				452.81								439.82				18.82																																230		405.49		387.09										473.16		454.54		18.62																																																																																																				484.09		459.44				12.38		300		516.55		466.01				11.89

		290		518.21		493.8				9.84				544.92		490.72				10				300		429.94		406.15		547.94		18.59		300		452.83		411.93				17.63				500				465.22								452.81				19.37																																240		409.11		389.94										486.24		465.96		20.28																																																																																																				488.51		463.07				12.51		310

		300		524.49		499.25				9.91				553.43		496.31				10.05				310		433.27		408.72		571.75		18.76		310		457.59		414.85				17.76				550				477.09								465.22				19.91																						338		326				12				250				392.74										499.15		477.22		21.93																																																																																																				492.87		466.65				12.63		320

																								320		436.57		411.25		595.53		18.92		320		462.34		417.73				17.88				600				488.43								477.09				20.43																						371		357				14				260		416.22		395.5										511.9		488.31		23.59																																																																																																				497.18		470.17				12.76		330

																								330		439.83		413.76		619.28		19.09		330		467.09		420.58				18				650				499.28								488.43				20.95																						380.84		364.02				16.82				270		419.71		398.22										524.49		499.25		25.24																																																																																																				501.43		473.64				12.88		340

																								340		443.06		416.22				19.25		340		471.85		423.41				18.12																499.28				21.46																						405.08		380.99				24.09				280		423.16		400.9																																																																																																																		505.63		477.06				13.00		350

																								350		446.26		418.66				19.41		350		476.6		426.21				18.24																																										429.02		396.9				32.12				290		426.57		403.55																																																																																																																		509.78		480.44				13.13		360

																								360		449.42		421.07				19.56		360		481.35		428.99				18.36																																										452.83		411.93				40.9				300				406.15																																																																																																																		513.88		483.76				13.25		370

																								370		452.55		423.44				19.72		370		486.1		431.73				18.48				50						325						325						13.3																Tsr, r+c,nieliniowe				476.6		426.21				50.39				310		433.27		408.72										358.32		351.63				6.69																																																																																																		517.94		487.04				13.37		380

																								380		455.66		425.79				19.87		380		490.85		434.45				18.59				100						344.05						344.05						14.94																				500.36		439.82				60.54				320		436.57		411.25										374.93		365.49				9.44																																																																																																		521.94		490.27				13.49

																								390		458.73		428.11				20.03		390		495.61		437.15				18.71				150						360.84						360.84						16.22																				524.14		452.81				71.33				330		439.83		413.76										390		378				12																																																																																																		525.90		493.46				13.60

																								400		461.77		430.4				20.18		400		500.36		439.82				18.82				200						375.89						375.89						17.34																				547.94		465.22				82.72				340		443.06		416.22										407.06		391.36				15.7																																																																																																		529.82		496.60				13.72

																								410		464.79		432.67				20.33		410		505.12		442.47				18.93				250						389.64						389.64						18.35																				571.75		477.09				94.66				350				418.66										422.95		403.73				19.22																																																																																																		533.69		499.71				13.84

																								420		467.78		434.91				20.48		420		509.87		445.09				19.04				300						402.34						402.34						19.29																				595.53		488.43				107.1				360		449.42		421.07										438.83		415.84				22.99

																								430		470.74		437.12				20.63		430		514.63		447.68				19.16				350						414.17						414.17						20.17																				619.28		499.28				120				370		452.55		423.44										454.76		427.73				27.03

																								440		473.68		439.31				20.78		440		519.39		450.26				19.26				400						425.26						425.26						21.01																														380		455.66		425.79										470.78		439.44				31.34

																								450		476.59		441.48				20.93		450		524.14		452.81				19.37				450						435.72						435.72						21.81		Konwekcja, par. stałe																		328		325						3		390		458.73		428.11										486.94		451.02				35.92

																								460		479.47		443.62				21.07		460		528.9		455.34				19.48				500						445.63						445.63						22.59		380.79						380.79		8.14										352.21		344.05						8.16		400				430.4										503.26		462.47				40.79

																								470		482.34		445.74				21.22		470		533.66		457.84				19.59				550						455.04						455.04						23.34		387.4						387.4		8.28										372.97		360.84						12.13		410		464.79		432.67										519.77		473.83				45.94

																								480		485.18		447.83				21.36		480		538.42		460.32				19.7				600						464.02						464.02						24.07		393.9						393.9		8.41										391.94		375.89						16.05		420		467.78		434.91										536.48		485.11				51.37

																								490		487.99		449.91				21.5		490		543.18		462.78				19.8				650						472.6						472.6						24.78		400.3						400.3		8.53										409.56		389.64						19.92		430		470.74		437.12										553.43		496.31				57.12

																								500		490.78		451.96				21.65		500		547.94		465.22				19.91				700						480.82						480.82						25.47		406.6						406.6		8.64										426.09		402.34						23.75		440		473.68		439.31

																								510		493.56		454				21.79		510		552.7		467.64				20.01				750						488.72						488.72						26.15		412.83						412.83		8.75										441.72		414.17						27.55		450				441.48

																								520		496.3		456.01				21.93		520		557.46		470.03				20.12				800						496.32						496.32						26.81		418.98						418.98		8.85										456.58		425.26						31.32		460		479.47		443.62

																								530		499.03		458				22.07		530		562.22		472.41				20.22																						170		425.06						425.06		8.94										470.77		435.72						35.05		470		482.34		445.74										355.58		350.38						5.2

																								540		501.74		459.97				22.21		540		566.99		474.76				20.33																						180		431.07						431.07		9.03										484.38		445.63						38.75		480		485.18		447.83										370.32		363.43						6.89

																								550		504.43		461.93				22.35		550		571.75		477.09				20.43																						190		437.02						437.02		9.12										497.46		455.04						42.42		490		487.99		449.91										384.17		375.6						8.57

																								560		507.1		463.86				22.48		560		576.5		479.4				20.54																						200		442.91						442.91		9.21										510.08		464.02						46.06		500				451.96										397.41		387.17						10.24

																								570		509.74		465.78				22.62		570		581.26		481.69				20.64																						210		448.75						448.75		9.29										522.28		472.6						49.68		510		493.56		454										410.14		398.23						11.91

																								580		512.37		467.67				22.76		580		586.02		483.96				20.74																						220		454.54						454.54		9.37										534.09		480.82						53.27		520		496.3		456.01										422.45		408.88						13.57

																								590		514.98		469.56				22.89		590		590.78		486.2				20.85																						230		460.27						460.27		9.44										545.56		488.72						56.84		530		499.03		458										434.39		419.16						15.23

																								600		517.57		471.42				23.03		600		595.53		488.43				20.95																						240		465.96						465.96		9.51										556.7		496.32						60.38		540		501.74		459.97										446.01		429.13						16.88

																								610		520.15		473.27				23.16		610		600.29		490.64				21.05																						250		471.61						471.61		9.58																				550				461.93										457.35		438.82						18.53

																								620		522.7		475.1				23.3		620		605.04		492.83				21.15																						260		477.22						477.22		9.65																				560		507.1		463.86										468.43		448.26						20.17

																								630		525.24		476.91				23.43		630		609.79		495				21.26																						270		482.78						482.78		9.72																				570		509.74		465.78										479.28		457.47						21.81

																								640		527.76		478.71				23.56		640		614.54		497.15				21.36																						280		488.31						488.31		9.78																				580		512.37		467.67										489.92		466.48						23.44

																								650		530.27		480.49				23.69		650		619.28		499.28				21.46																						290		493.8						493.8		9.84																				590		514.98		469.56										500.37		475.29						25.08

																								660		532.76		482.26				23.82		660		624.03		501.39				21.56																						300		499.25						499.25		9.91																				600				471.42										510.64		483.93						26.71

																								670		535.23		484.01				23.96																																																														610		520.15		473.27										520.75		492.41						28.34

																								680		537.69		485.74				24.09																																																														620		522.7		475.1										530.7		500.73						29.97

																								690		540.13		487.47				24.21																																																														630		525.24		476.91

																								700		542.55		489.17				24.34																																																														640		527.76		478.71

																								710		544.96		490.87				24.47																																																														650				480.49

																								720		547.36		492.55				24.6																																																														660		532.76		482.26

																								730		549.74		494.21				24.73																100				375.03				375.03				8.77																																		670		535.23		484.01

																								740		552.11		495.87				24.86																110				380.83				380.83				8.95																																		680		537.69		485.74

																								750		554.46		497.51				24.98																120				386.45				386.45				9.13																																		690		540.13		487.47

																								760		556.8		499.14				25.11																130				391.95				391.95				9.3																																		700				489.17

																																																140				9.3				9.3				9.46																																		710		544.96		490.87

																																																150				402.59				402.59				9.62																																		720		547.36		492.55

																																																160				407.76				407.76				9.77																																		730		549.74		494.21

																																																170				412.87				412.87				9.91																																		740		552.11		495.87

						convetion, const param										convection, nonlinear																																180				417.84				417.84				10.05																																		750				497.51

				Ps[kW]		Tmax								Tśr																																		190				422.74				422.74				10.18																																		760		556.8		499.14

																																																200				427.59				427.59				10.31

						Konwekcja, par. stałe		Konwekcja, par. nieliniowe						Konwekcja, par. stałe		Konwekcja, par. nieliniowe																																210				432.36				432.36				10.44

				60		358.06						60		352.85																																		220				437.07				437.07				10.56

				80		374.05						80		367.15																																		230				441.71				441.71				10.68

				100		389.38						100		380.79																																		240				446.28				446.28				10.79

				120		404.17						120		393.9																																		250				450.82				450.82				10.91

				140		418.55						140		406.6																																		260				455.27				455.27				11.02

				160		432.6						160		418.98																																		270				459.69				459.69				11.12

				180		446.36						180		431.07																																		280				464.05				464.05				11.23

				200		459.87						200		442.91																																		290				468.39				468.39				11.33																				only fluid varying, alumina constant, no radiation

				220		473.16						220		454.54																																		300				472.66				472.66				11.43

				240		486.24						240		465.96																																		310				476.91				476.91				11.53

				260		499.15						260		477.22																																		320				481.08				481.08				11.63																																with radiation

				280		511.9						280		488.31																																		330				485.24				485.24				11.72

				300		524.49						300		499.25																																		340				489.35				489.35				11.81																60				355.58		350.38				7.83

																																																350				493.41				493.41				11.91																80				370.32		363.43				8.3		50		328		325				13.3

																																																360				497.44				497.44				12																100				384.17		375.6				8.7		100		352.21		344.05				14.94

				60				358.32				60				351.63																																																												120				397.41		387.17				9.06		150		372.97		360.84				16.22

				80				374.93				80				365.49																																																												140				410.14		398.23				9.38		200		391.94		375.89				17.34

				100								100																																																																160				422.45		408.88				9.67		250		409.56		389.64				18.35

				120				407.06				120				391.36																																																												180				434.39		419.16				9.94		300		426.09		402.34				19.29

				140				422.95				140				403.73																																																												200				446.01		429.13				10.19		350		441.72		414.17				20.17

				160				438.83				160				415.84																																																												220				457.35		438.82				10.43		400		456.58		425.26				21.01

				180				454.76				180				427.73																																																												240				468.43		448.26				10.65		450		470.77		435.72				21.81

				200				470.78				200				439.44																																																												260				479.28		457.47				10.86		500		484.38		445.63				22.59

				220				486.94				220				451.02																																																												280				489.92		466.48				11.07		550		497.46		455.04				23.34

				240				503.26				240				462.47																																																												300				500.37		475.29				11.26		600		510.08		464.02				24.07

				260				519.77				260				473.83																												rad+conv																																320				510.64		483.93				11.45		650		522.28		472.6				24.78

				280				536.48				280				485.11																												Tmax																																340				520.75		492.41				11.63		700		534.09		480.82				25.47

				300				553.43				300				496.31																																																												360				530.7		500.73				11.8		750		545.56		488.72				26.15

																																																																																								800		556.7		496.32				26.81

																																												Konwekcja+ radiacja, par. stałe		Konwekcja+radiacja, par. nieliniowe

																																										50		337

						Konwekcja, par. stałe		Konwekcja, par. nieliniowe																																		100		356																																		only fluid varying

				352.85		7.47																																				150		374.61																																				Konwekcja, par. stałe		Konwekcja, par. nieliniowe																						Konwekcja+Radiacja

				367.15		7.84																																				200		394.33																																		60		352.85		350.38

				380.79		8.14																																				250		412.69																																		80		367.15		363.43								350.38		355.58		5.2				328		325

				393.9		8.41																																				300		429.94																																		100		380.79		375.6								363.43		370.32		6.89				352.21		344.05

				406.6		8.64																																				350		446.26																																		120		393.9		387.17								375.6		384.17		8.57				372.97		360.84

				418.98		8.85																																				400		461.77																																		140		406.6		398.23								387.17		397.41		10.24				391.94		375.89

				431.07		9.03																																				450		476.59																																		160		418.98		408.88								398.23		410.14		11.91				409.56		389.64

				442.91		9.21																																				500		490.78																																		180		431.07		419.16								408.88		422.45		13.57				426.09		402.34

				454.54		9.37																																				550		504.43																																		200		442.91		429.13								419.16		434.39		15.23				441.72		414.17

				465.96		9.51																																				600		517.57																																		220		454.54		438.82								429.13		446.01		16.88				456.58		425.26

				477.22		9.65																																				650		530.27																																		240		465.96		448.26								438.82		457.35		18.53				470.77		435.72

				488.31		9.78																																				700		542.55																																		260		477.22		457.47								448.26		468.43		20.17				484.38		445.63

				499.25		9.91																																				750		554.46																																		280		488.31		466.48								457.47		479.28		21.81				497.46		455.04

																																																																														300		499.25		475.29								466.48		489.92		23.44				510.08		464.02

																																										50				335																																320				483.93								475.29		500.37		25.08				522.28		472.6

				351.63				7.65																																		100				358																																340				492.41								483.93		510.64		26.71				534.09		480.82

				365.49				8.04																																		150				380.84																																360				500.73								492.41		520.75		28.34				545.56		488.72

				375				8.29																																		200				405.08																																												500.73		530.7		29.97				556.7		496.32

				391.36				8.64																																		250				429.02

				403.73				8.88																																		300				452.83																																		Konwekcja, par. stałe		Konwekcja, par. nieliniowe

				415.84				9.09																																		350				476.6																																60		358.06		355.58

				427.73				9.27																																		400				500.36																																80		374.05		370.32

				439.44				9.44																																		450				524.14																																100		389.38		384.17

				451.02				9.58																																		500				547.94																																120		404.17		397.41

				462.47				9.72																																		550				571.75																																140		418.55		410.14

				473.83				9.84																																		600				595.53																																160		432.6		422.45

				485.11				9.95																																		650				619.28																																180		446.36		434.39

				496.31				10.05																																																																						200		459.87		446.01

																																																																														220		473.16		457.35

																																																																														240		486.24		468.43

																																																																														260		499.15		479.28

																																																																														280		511.9		489.92

																																																																														300		524.49		500.37

																																																																														320				510.64

																																																																														340				520.75

																																																																														360				530.7
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