Temperature and Water Vapor Environments for Three Locations – Bill Marion, 7/10/02

(Revised 7/11/02 to include dry bulb temperatures)

To see how the temperature and water vapor environments for three locations compare to each other and the 85(C/85% RH damp heat test, cumulative distribution functions (CDFs) and joint frequency tables were determined for hourly ambient dry bulb temperature, module temperature, and partial pressure of water vapor. Partial pressure of water vapor was used as a metric because it is a direct indicator of water vapor amounts, whereas relative humidity is a function of both temperature and water vapor amounts.

Meteorological data used were TMY2s for Boulder, CO and Daytona Beach, FL, and a TMY derived from DATSAV2 data for Bahrain International Airport, located in the Persian Gulf. ASHRAE climatic design information indicated that this region had the highest coincident dry bulb and dew point temperatures (this wasn’t an exhaustive search, there may be other regions with more extreme conditions). Module temperatures were modeled using the Fuentes model from Sandia’s PVFORM for a roof-mounted module with an NOCT of 48(C and facing south with a tilt equal to the site latitude.

The CDFs for dry bulb temperature, module temperature and partial pressure of water vapor are shown in Figures 1 through 3. They include both nighttime and daytime values for the one-year period (8760 hours). The CDFs give the proportion of values that are less than or equal to a specified value of an index.

Joint frequency of dry bulb temperature and partial pressure of water vapor is given in Tables 1 to 3. Joint frequency of module temperature and partial pressure of water vapor is given in Tables 4 to 6. They indicate the number of hours in a year when dry bulb temperature, or module temperature, and partial pressure of water vapor reside within specified ranges.
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Table 7 provides partial pressure of water vapor, humidity ratio, and dewpoint temperature corresponding to the damp heat test and for 40(C/60% RH (one of the other test conditions listed in Carl’s review).

Figure 1. Cumulative distribution functions for ambient dry bulb temperature
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Figure 2. Cumulative distribution functions for PV module temperature
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Figure 3. Cumulative distribution functions for partial pressure of water vapor

Table 1. Joint Frequency (Hours per Year) of Dry Bulb Temperature and Partial Pressure of Water Vapor for Boulder, CO

	Module Temperature((C)
	Partial Pressure of Water Vapor (kPa)

	
	0.0-0.5
	0.5-1.0
	1.0-1.5
	1.5-2.0
	2.0-2.5
	2.5-3.0
	3.0-3.5
	3.5-4.0
	4.0-4.5
	> 4.5

	> 70
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	60 -70
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	50 - 60
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	40 - 50
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	30 - 40
	31
	161
	41
	0
	0
	0
	0
	0
	0
	0

	20 - 30
	256
	650
	520
	92
	15
	0
	0
	0
	0
	0

	10 - 20
	679
	1049
	726
	186
	0
	0
	0
	0
	0
	0

	0 - 10
	1560
	1080
	27
	0
	0
	0
	0
	0
	0
	0

	-10 to 0
	1304
	59
	0
	0
	0
	0
	0
	0
	0
	0

	< -10
	324
	0
	0
	0
	0
	0
	0
	0
	0
	0


Table 2. Joint Frequency (Hours per Year) of Dry Bulb Temperature and Partial Pressure of Water Vapor for Daytona Beach, FL

	Module Temperature((C)
	Partial Pressure of Water Vapor (kPa)

	
	0.0-0.5
	0.5-1.0
	1.0-1.5
	1.5-2.0
	2.0-2.5
	2.5-3.0
	3.0-3.5
	3.5-4.0
	4.0-4.5
	> 4.5

	> 70
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	60 -70
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	50 - 60
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	40 - 50
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	30 - 40
	0
	2
	10
	22
	86
	311
	6
	0
	0
	0

	20 - 30
	0
	46
	288
	870
	2180
	1797
	24
	0
	0
	0

	10 - 20
	31
	287
	1133
	987
	94
	0
	0
	0
	0
	0

	0 - 10
	92
	356
	108
	0
	0
	0
	0
	0
	0
	0

	-10 to 0
	30
	0
	0
	0
	0
	0
	0
	0
	0
	0

	< -10
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


Table 3. Joint Frequency (Hours per Year) of Dry Bulb Temperature and Partial Pressure of Water Vapor for Bahrain International Airport

	Module Temperature((C)
	Partial Pressure of Water Vapor (kPa)

	
	0.0-0.5
	0.5-1.0
	1.0-1.5
	1.5-2.0
	2.0-2.5
	2.5-3.0
	3.0-3.5
	3.5-4.0
	4.0-4.5
	> 4.5

	> 70
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	60 -70
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	50 - 60
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	40 - 50
	0
	2
	13
	32
	35
	10
	3
	2
	1
	0

	30 - 40
	0
	29
	129
	312
	804
	968
	616
	213
	81
	115

	20 - 30
	0
	33
	584
	998
	872
	537
	283
	109
	27
	0

	10 - 20
	0
	143
	848
	805
	146
	0
	0
	0
	0
	0

	0 - 10
	0
	0
	10
	0
	0
	0
	0
	0
	0
	0

	-10 to 0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	< -10
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


Table 4. Joint Frequency (Hours per Year) of Module Temperature and Partial Pressure of Water Vapor for Boulder, CO

	Module Temperature((C)
	Partial Pressure of Water Vapor (kPa)

	
	0.0-0.5
	0.5-1.0
	1.0-1.5
	1.5-2.0
	2.0-2.5
	2.5-3.0
	3.0-3.5
	3.5-4.0
	4.0-4.5
	> 4.5

	> 70
	2
	1
	0
	0
	0
	0
	0
	0
	0
	0

	60 -70
	13
	31
	6
	2
	0
	0
	0
	0
	0
	0

	50 - 60
	91
	188
	86
	9
	0
	0
	0
	0
	0
	0

	40 - 50
	165
	248
	154
	21
	2
	0
	0
	0
	0
	0

	30 - 40
	348
	270
	142
	23
	5
	0
	0
	0
	0
	0

	20 - 30
	418
	414
	283
	64
	8
	0
	0
	0
	0
	0

	10 - 20
	552
	836
	605
	159
	0
	0
	0
	0
	0
	0

	0 - 10
	1152
	940
	38
	0
	0
	0
	0
	0
	0
	0

	-10 to 0
	1147
	71
	0
	0
	0
	0
	0
	0
	0
	0

	< -10
	266
	0
	0
	0
	0
	0
	0
	0
	0
	0


Table 5. Joint Frequency (Hours per Year) of Module Temperature and Partial Pressure of Water Vapor for Daytona Beach, FL

	Module Temperature((C)
	Partial Pressure of Water Vapor (kPa)

	
	0.0-0.5
	0.5-1.0
	1.0-1.5
	1.5-2.0
	2.0-2.5
	2.5-3.0
	3.0-3.5
	3.5-4.0
	4.0-4.5
	> 4.5

	> 70
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	60 -70
	0
	1
	2
	1
	2
	2
	0
	0
	0
	0

	50 - 60
	0
	7
	20
	58
	94
	163
	0
	0
	0
	0

	40 - 50
	8
	41
	139
	189
	280
	416
	9
	0
	0
	0

	30 - 40
	22
	82
	167
	234
	329
	406
	9
	0
	0
	0

	20 - 30
	17
	66
	239
	501
	1538
	1116
	12
	0
	0
	0

	10 - 20
	20
	157
	857
	896
	117
	5
	0
	0
	0
	0

	0 - 10
	58
	336
	115
	0
	0
	0
	0
	0
	0
	0

	-10 to 0
	28
	1
	0
	0
	0
	0
	0
	0
	0
	0

	< -10
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


Table 6. Joint Frequency (Hours per Year) of Module Temperature and Partial Pressure of Water Vapor for Bahrain International Airport

	Module Temperature((C)
	Partial Pressure of Water Vapor (kPa)

	
	0.0-0.5
	0.5-1.0
	1.0-1.5
	1.5-2.0
	2.0-2.5
	2.5-3.0
	3.0-3.5
	3.5-4.0
	4.0-4.5
	> 4.5

	> 70
	0
	0
	0
	4
	1
	0
	1
	0
	0
	0

	60 -70
	0
	9
	31
	59
	72
	29
	26
	12
	10
	2

	50 - 60
	0
	17
	98
	165
	268
	226
	113
	27
	8
	29

	40 - 50
	0
	31
	233
	257
	264
	208
	92
	31
	7
	25

	30 - 40
	0
	25
	253
	325
	411
	544
	404
	157
	60
	59

	20 - 30
	0
	29
	309
	618
	692
	503
	266
	97
	24
	0

	10 - 20
	0
	95
	649
	719
	149
	5
	0
	0
	0
	0

	0 - 10
	0
	1
	11
	0
	0
	0
	0
	0
	0
	0

	-10 to 0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	< -10
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


Table 7. Partial Pressure of Water Vapor, Humidity Ratio, and Dewpoint Temperature Corresponding to the Damp Heat Test (85(C/85% RH) and for 40(C/60% RH.

	Temperature((C) /

Relative Humidity (%)
	Partial Pressure of 

Water Vapor (kPa)
	Humidity Ratio 

(grams water vapor per kilogram dry air)
	Dewpoint Temperature ((C)

	85/85
	49.2
	589.6
	80.9

	40/60
	4.4
	28.4
	30.7
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