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Combustion gases 

where 

where 

NAJJAR and ZAAMOUT: CRYOGENIC POWER CONVERSION 

Symbol 

CG0 

CG, 
CG2 
CG3 

CG~ 
CGs 

Temp,erature range 

800-2200 K 
(J/kg) 
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Abstract- Two models , the Eggenberger- Polya and the Wil liam's logarithmic series have been used to 
predict the probabi li ty of occurrence of varying length mild and hot spells , respectively, for the summer 
period using a IJ-yr hourly database from Athens. Greece. The proposed models provide the necessary 
informa tion to energy analysis and climatologists cont ribu ting towards a more precise analysis of the 
ummer comfort conditions. 

Cooling power index Thermal comfort Athens Greece 

INTRODUCTION 
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Achievement of thermal comfort inside build ings is of primary concern in hot climates. Energy 
consumption due to the use of convent ional air-conditioners has a very serious impact on the peak 
electricity load . It has been reported tha t 38% of the non-coincident peak demand in the United 
States is induced by a ir-conditioners(!]. 

Unpleasant clima tic conditions have a direc t impact on energy consumption of buildings for 
air-conditioning purpo es. Due to the serious hea t waves observed in Greece during the period of 
1987- 1989 there was an increase of about 800% in annual purchases of air-conditioning units [2]. 
It should be pointed out that a relative increase of sales of air-conditioning units by approx. 300% 
has a lso been reported for the period 1976- 1985 [3) . 

Exact knowledge of the cl imatic da ta tha t influences thermal comfort in the interior of a 
building is necessary for energy calculations. Analysis of the fundamental climatic parameters 
like temperature, humidity, or wind speed can indpendently provide useful information. 
However, these data do not permit a global evaluation of comfort conditions at a given place. For 
this purpose, various bioclimatic indices have been proposed . These indices are based on the 
combination of various parameters like dry bulb temperature, humidity, wind velocity, clothing, 
or metabolic rate. A synoptic presentation of several such biometeorological indices is given 
in Ref. [4). 

The cooling power index proposed by Vinje [5] has gained an increasing acceptance for 
representing summer comfort conditions in a very simple way. An analysis of the cooling power 
index for Athens, Greece using a 13-yr hourly database has been attempted in Ref. [6). It was then 
concluded that there is a persistence of occurrences for both the hot and mild conditions, with 
consecutive periods often exceeding 24 h at a time. Taking into account the importance of such 
an effect, further analysis of this phenomenon has been attempted and is presented in this paper. 
Using statistical techniques, models predicting the corresponding persistence of an occurrence for 
hot and mild conditions are proposed. These models provide the necessary information to energy 
analysts and climatologists contributing towards a more precise analysis of the summer comfort 
conditions. 

tProsent address: Technical Educational Institute of Pireaus, Aegaleo, Greece. 
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Table I. Number of spells (S) and total number of hot and mild hours (N) 

Hru ~~ 

Month s N Frequency s N Frequency 

May 460 750 0.08 1189 3785 0.39 
June 609 2215 0.24 1177 4660 0.50 
July 735 3624 0.37 1129 4349 0.45 
August 763 3313 0.34 1216 4690 0.49 
September 674 2159 0.23 1155 4438 0.47 

MODEL DEVELOPMENT 

The dry cooling power (H) has been calculated for Athens, Greece [6] using a correlation 
suggested by Vinje [5], expressed as a linear function of the body and the air temperature difference, 
and a power of the wind speed and is given by: 

where 

H = 20.52 V0
·
42 (36.5 - T) 

H = cooling power (kcal/m2 h) 
V =wind speed (m/s) 
T = dry bulb air temperature (0 C). 

(I) 

The calculated cooling power values can be related to the corresponding sensations experienced 
by humans in accordance with a properly devised scale (Hot for H < 5, Mild for 5 < H < IO). The 
calculations were based on meteorological data from the National Observatory of Athens for a 
period of 13 yr (1977-1989) and for the months of May-September. 

Table 1 summarizes the total number of hours for every month for each of the hot and mild 
conditions. Based on a previous study [6], the hot conditions occur primarily during the mid-day 
hours. Consequently, they represent a smaller percentage of the corresponding mild conditions for 
all the 5 months. Together, the hot and mild conditions constitute 70-83% of the total conditions 
during the time period of June-September. During May, the prevailing mild weather conditions 
result in acceptable levels of thermal comfort which reduce the corresponding occurrences of the 
hot and mild conditions to less than 47% of the total hours during this month. 

In addition, it was observed that there is a persistence of occurrences for both the hot and mild 
conditions, with consecutive periods often exceeding 24 hat a time. These type of spells have a very 
important impact on energy consumption. For that reason, it was decided to analyze this 
persistence statistically. The objective was to develop an algorithm which could be used to calculate 
the probability of occurrence of varying length spells. 

Among the known models for defining the persistence of an occurrence, the model of 
Eggenberger-Polya and the William's logarithmic series can be used to accurately predict the 
probability of occurrence of varying length spells. 

According to the Eggenberger-Polya model [7], the persistence can be taken into account by 
modification of the Poisson distribution. The theoretical probability of a spell of length x (in hours) 
is given by: 

;; = 1;c1 + dr'd 
fk = fk- I [(m + (k - l)d)/k(l + d)] 

Table 2. Results for the x2-test and the degree of 
freedom ( d .f.) for the theoretical and observed values 

Hot Mild 

:E;c2 d.f. :Ex i d.f. 

May 6.804 4 21.843 13 
June 14.621 13 22.512 17 
July 16.431 18 14.357 16 
August 8.798 16 17.020 12 
September 17.492 12 18.171 15 

(2) 
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N/S =mean length of a spell 
m=N/S-1 
N = total number of hot (mild) conditions 
S = sum of spells X; (hot or mild) 
d = (s 2/m) - 1 is the persistence factor 
k =2, 3, .... 

285 

The Eggenberger-Polya distribution is, in fact, a negative binomial distribution [8]. The analysis 
of our data has shown that all the series of consecutive hours with mild conditions are well adapted 
to the Eggenberger-Polya distribution. As shown in Table 2, the values of the x2-test are, for all 
cases, smaller than the critical values which correspond to a significance level of 0.05. 

The Williams logarithmic series [9] is mathematically expressed by the equation: 

f;=ax;/i i=l,2, ... ,n . (3) 

The constants a and x (0 < x < !) can be calculated from the following system of two simultaneous 
equations, 

where 

S = aln (1 + N /a) 

N =ax/I - x 

S = total number of spells (hot or mild) 
N = total number of hot or mild hours. 

(4) 

The results from the x2-test (Table 2) indicate that the logarithmic series fits satisfactorily the 
distribution of the continuous hot hour series at the 0.05 significance level. Therefore, the 
Eggenberger-Polya and the Williams logarithmic models can be used to predict accurately the 
probability of occurrence of varying length spells for the mild and hot conditions, respectively. 

CONCLUSIONS 

The present work completes the analysis of the summer discomfort conditions given in Ref. [6] 
by comparing several models for defining the persistence of an occurrence for hot and mild 
conditions in Athens, Greece. The Eggenberger-Polya model was found to represent the variations 
of the series of consecutive hours with mild conditions, while the Williams logarithmic model was 
found to represent the conditions for the hot hour series. 

Comparison of the predicted with the real data has shown that there is very good agreement 
between the two sets of data (hot and mild) for all five summer months (May-September). This 
work provides very useful information to energy analysts contributing towards a more accurate 
analysis of the summer comfort conditions. 

REFERENCES 

I. USDOE, Non-residential buildings energy conservation survey. Characteristics or commercial buildings, pp. ix, 21, 105. 
Washington, D.C., USGPO (1985) . 

2. M. Santamouris, Natural cooling techniques. In Proceedings of the Conference on Passive Cooling (Edited by 
E. Aranovich, T. Steemers and E. Oliveira Fernandes). ISPRA, Italy (1990). 

3. Predicasts Inc, Predicasts forecast, Issue 108, 4th Quarter, refrigeration and air-conditioning equipment data (1987). 
4. T. D. Potter and L. E. Olson, Climate and tourist health. An overview or the World Meteorological Organization's 

activities. Proc. Conference Health Tourists, Venice, Italy (1990). 
5. H. E. Landsberg, The assessment or human bioclimate, Technical Report No. 123. Secretariat or the World 

Meteorological Organization, Geneva, Switzerland (1972). 
6. C. Balaras, I. Tselepidaki, M. Santamouris and D. Asimakopoulos, Energy Convers. Mgmt 34, 139 (1993). 
7. R. Artery, H. Grisollet and B. Guilmet, Climatologie Methode et Pratiques, pp. 124-144. Gauthier-Villars, Paris (1973). 
8. R. Sueyers, Arch. Met. Geophys Biokl. 10, 404 (1955). 
9. C. Williams, Q. JI R. met. soc. 78, 91 (1952). 

-1' 


