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A study on AC efficiency installations on articulated busses 

Elisabeta Spunei, Ion Piroi, Florina Piroi 

Air conditioning (AC) installed on vehicles must insure passenger com-

fort no matter the year season. To this end we make a series of meas-

urements and readings of the interior temperature of vehicles with such 

AC installations. This work presents a study on the AC efficiency on 

public transportation vehicles, namely articulated busses. Our study 

shows that the AC appliances installed on the examined busses were 

not able to ensure the temperature assumed by the AC contractors. We 

propose that, for public transportation, AC installations should be sized 

accordingly to the vehicle’s interior volume and to the transportation’s 

body thermic insulation. 
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1. Introduction  

To ensure passenger comfort, public transportation vehicles are equipped with 

air conditioning installations (ACs). The choice of an appropriate AC is based on 

the volume of air that must be cooled down or warmed up and on the thermic isola-

tion system of the vehicle carosserie.  

The type of the cooling agent that is used in the AC has a determining impact 

on the AC’s performances [1]. In certain situations, water is used instead of a re-

frigerant. In such cases, artificial intelligence algorithms are used to monitor and 

control the cooling system, which allows for a 39.8% reduction in energy con-

sumption [2]. Using water as an AC coolant in countries with a temperate climate 

means that the water may freeze during the cold seasons, during rest periods. 

Methods for improving the AC energy consumption efficiency by monitoring the 

heating curves may use programmable logic controller (PLC) [3] or fuzzy based 

intelligent control systems [4]. 

The speed and direction of the air that is released by AC’s air disperser has a 

high impact on the passenger comfort in a public transportation vehicle (and not 

only). The optimal air release speed for a given enclosure has been found to be of 
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4m/s [5]. For a higher passenger comfort it is recommended that the air flux re-

leased by the AC installation is directed towards the room walls and ceiling. Thus 

are avoided air currents towards passengers while ensuring a uniform working vol-

ume cooling. 

The AC installations on public transportation vehicles are designed such that 

in the cold seasons they can heat the vehicle’s interior. During the hot seasons, the 

difference between the outer and the interior air temperature is, on average, of 

20°C (40°C outside temperature vs. 20°C inside temperature), while during the 

cold season, the temperature difference is of 32°C, on average (20°C inside tem-

perature vs. -12°C outside temperature). Thus, an AC installation designed for 

heating during cold seasons will use only 60% of its power to cool the same space 

during the hot seasons. 

Considering busses, using the heat of the exhaust gases can lead to a fuel re-

duction of 4500kg/year [6]. 

2. Determining the air conditioning installation power for an artic-

ulated bus 

To determine the power of an AC installation we compute the necessary pow-

er to heat the same space during the cold season. The computation is done starting 

from the STAS SR 1907-1:1997 regulatory standard [7, 8]. The computation must 

establish the heat demand, Q per time unit, to heat a given volume of air.  

IT Q
A

QQ +








+⋅= ∑

100
1 ,          (1) 

where: QT is the thermic flux ceded by transmission through space delimiters (e.g. 

bus carosserie) to the exterior; QI is the heat demand per time unit to heat the air 

entering the interior space from the outer temperature to the pre-defined interior 

temperature; ∑A is the thermic flux additional to the ceded one, QT. 

The transmission ceded thermic flux QT is: 

                   peT QQQ += ,            (2) 

where: Qe is the thermic flux transmitted through the surfaces brushed by air on 

both sides, and Qp is the thermic flux that is transmitted through surfaces in contact 

with the earth. The formula shown in [7, 8] refer to building types that are classi-

fied by age and insulation as: 

- New buildings: 45÷60 W/m
2
; 

- Buildings older than 15 years: 70÷90 W/m2; 

- Old buildings that were constructed without following the regulations on 

thermic insulation: 120 W/m2. 

To determine the exact heat need for buildings we recommend using the Ra-

dia 3 software package [9]. 
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Knowing the surface, S, of the space to heat, using the specific capacity QS, we 

find the necessary power, Q, to ensure the required temperature level:  

                        SQQ S ⋅= ,             (3) 

If for buildings the maximum specific capacity is of 120 W/m2, for busses, AC 

manufacturers use proprietary software specific to the AC installation, such that 

specific capacity can reach high values between 780 W/m
2 

and 800 W/m
2 

[10]. 

These values reflect the fact that, for busses, the ceiling, side walls and the flooring 

do not have proper insulation. 

3. Case study 

For our case study we considered a bus 18.6 m long, 2.4 m wide, and 2.5 m 

tall. The bus AC has two air-blowers with 380 W unitary power, that is 1,297 

BTU/h. This installation does not ensure the cooling requirements for the driver’s 

space of a bus with the size specifications mentioned above. 

To determine the bus interior temperature we took temperature measurements 

during the summer season on a 11 km route length between two points of interest 

in Resita (“Gara” and “Muncitoresc”). The outer temperature was of 32°C. We 

used the following temperature measuring instruments: 

- TESTMATE 215 with a ± 0,1°C measurement error; 

- AXIO, AX588 MET with a ± 1°C measurement error. 

We recorded the interior temperature while the bus was between stations at the 

following time points: 

- before the bus doors opened; 

- before the bus doors closed for leaving a station. 

The measuring instruments were placed: 

- in the second bus part (2nd compartment), on the compartment axis, on 

the door position; 

- on the bus axis, within the articulation; 

- in the first bus part (1st compartment) at the thermally isolated engine lo-

cation. 

Table 1 presents the measurements taken when the bus was in the bus station 

and at half distance between the stations, for one direction. The rows marked with 

yellow contain the measurements in the bus stations. The unmarked rows show the 

temperature measurements taken while the bus was between two stations. The bus 

stations are numbered from 1 to 30 for one direction, and 31 to 58 for the return 

direction. 
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 Table 1.     

ID. 

Bus 

station 

nr. 

°C in the 

2
nd

 compartment 
Articulation °C 

°C in the 1st 

compartment 

(Engine com-

partment) (5) 

Door, 

before 

station 

stop (1) 

Door open 

(2) 

Before 

bus stop 

(3) 

In bus 

stop 

(4) 

1. 1 37 35.4 34 34.0 38.4 

2. 2 37.0 37.0 34.0 34.0 38.4 

3.  38 - 34 - - 

4. 3 38 36.7 35 34 38.4 

5.  37.5 - 34 - - 

6. 4 38 35.1 35 32 38.4 

7.  36.6 - 33 - - 

8. 5 37.7 36.8 35 35 38.4 

9.  37.7 - 35 - - 

10. 6 37.8 37.1 34 34 38.5 

11.  37.5 - 34 - - 

12. 7 37.8 37.4 34 33 38.5 

13.  37.2 - 33 - - 

14. 8 37.7 35.3 34 33 38.5 

15.  37.7 - 34 - - 

16. 9 37.1 35.4 34 34 39 

17.  36.7 - 34 - - 

18. 10 36.8 33.5 34 32 39 

19.  36 - 33 - - 

20. 11 37.2 34.1 34 32 39 

21.  36.5 - 34 - - 
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22. 12 36.2 34 34 33 39 

23.  36.7 - 34 - - 

24. 13 37.5 36.2 34 34 39 

25.  37.4 - 34 - - 

26. 14 38 35.4 34 32 38.6 

27.  36.7 - 33 - - 

28. 15 37.6 37.2 34 34 38.7 

29.  38.4 - 34 - - 

30. 16 38.5 36.8 34 34 38.8 

31. 17 37.5 38 33 34 38.8 

32.  38.2 - 34 - - 

33. 18 38.6 37.9 34 34 38.9 

34.  38.3 - 34 - - 

35. 19 38.8 37.1 34 33 39 

36.  37.7 - 33 - - 

37. 20 38.2 37.3 34 34 39.1 

38.  38.4 - 34 - - 

39. 21 38.5 37.5 34 33 39.3 

40.  37.6 - 33 - - 

41. 22 37.9 37.8 33 33 39.4 

42.  37.8 - 33 - - 

43. 23 38.2 34.7 33 32 39.5 

44.  36.8 - 32 - - 

45. 24 37.4 33.1 32 31 39.6 

46.  36 - 31 - - 

47. 25 38.1 37.2 33 33 39.6 

48.  37.7 - 33 - - 
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49. 26 38.2 37.3 33 33 39.6 

50.  37  33   

51. 27 37.7 37.4 32 32 39.6 

52.  38.1  33   

53. 28 37.8 37.7 33 33 39.7 

54.  37.4  32   

55. 29 37.7 37 33 32 39.8 

56.  37.1  32   

57. 30 38 36.5 32 32 39.9 

58. 31 38 37 33 33 39.9 

 

Figure 1 show the temperature variation recorded on the direct tour, 

while Figure 2 shows the temperature variations on the retour route. 

 

 

Figure 1. Temperature variation on the direct route (bus stops 1-30). 
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Figure 2. Temperature variation on the retour route (bus stops 31-58). 

Collecting the temperature measurements in the 2
nd

 compartment, on the 

articulation, we obtain the results shown in Figure 3 for the direct route, and 

Figure 4 for the retour route. We can observe the temperature variations be-

fore the doors open and before the bus stops in the bus station, as well as 

those when the door is open, before the bus leaves the station. 

 

Figure 3. Temperature variation graph for closed and opened doors 

measurements on the direct route. 
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Figure 4. Temperature variation graph for closed and opened doors 

measurements on the retour route. 

4. Conclusion  

Our measurements concluded that the air conditioning installation with which 

the bus in our case study is equipped cannot ensure the required microclimate for 

the respective season. The installed air-blower could not ensure the cooling of its 

own structure. 

The values presented in Table 1, Figures 1 and 2 show that the inside tem-

peratures were, in all measurement points, higher than the required temperature 

(lower than 29°C). In addition, the outer temperature on the day the measurements 

were taken was of 32°C, and not 40°C as in high summer. 

In the bus’s first compartment, below which the bus engine is located, the 

measured temperatures show small variations around 39°C, which were higher than 

the outer temperature. 

It is also easy to observe, from Table 1 and Figures 1 and 2 that the tempera-

ture measured on the axis close to the bus doors are lower when the doors are open, 

which shows that the outer air, entering the bus, actually cools down the air inside 

the bus, which is contrary to the desired cooling effect of the AC (compare curves 

2 and 4 with curves 1 and 3). This can be seen even more clearly in  Figures 3 and 

4 where the vertical grid lines mark the temperatures measured during at bus stops 

(odd numbers), before the doors open. The measured temperature after the doors 
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open drops by three degrees (even numbers), which shows that the bus is actually 

ventilated using the outside air. 

The temperature measurements are also influenced by the buildings along the 

bus route, buildings that shade the bus, trees, wind, and the city river breeze (the 

route follows for some length the river in the city). This, again, is a proof of the 

very low efficiency of the AC installed on the bus. 

The measurements were done without bus passengers, which would have 

caused even higher temperature measurements. 

Our conclusion and recommendation to the town city hall is to install a differ-

ent air conditioning appliance, with a power of at least 35 kW, and perform a new 

set of measurements for the new AC, both during the hot and cold seasons. 
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