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Abstract 
Diffuse ventilation works through the pressure chamber above the acoustic 
suspended ceiling to uniformly distribute the supply air to the occupied zone. This, 
in effect, increases the thermal mass of the room because the upper slab of the room 
no longer is isolated from the occupied zone. 
In this study, the cooling potential of a diffuse ceiling ventilation system is 
investigated by experiments focused toward characterizing the convective heat 
transfer of the plenum. The heat transfers are quantified from four different air flow 
rates, the temperature of the air supplied to the plenum and the mean surface 
temperature, i.e. the total heat transfer coefficient of the plenum. 
The established heat transfer coefficient is used for analysis of the cooling 
performance of the system in dynamic building simulation program which showed 
that during peak summer days, the scenario with ventilated plenum would exhibit 
temperatures in the occupied zone approx. 1-1.5 °C lower than the baseline with 
unventilated plenum. 
In conclusion this study disclosed the mean heat transfer of the plenum with an inlet 
jet of approx. 1.2-0.4 m/s and temperature differences of 0.5-4.5 °C and showed that 
ventilation supply through the plenum can be used to augment the night cooling 
potential. 

Keywords - Diffuse ventilation, heat transfer coefficient, passive cooling 

1. Introduction  

The ability of diffuse ceiling ventilation (DCV) to provide draught-free 
ventilation in rooms with high loads has been documented [1-4], yet the 
benefits in terms of passive cooling are still to be examined. 

The hypothesis of this study is that the DCV concept provides cooling 
benefits for night ventilation cooling because the upper slab is in direct 



contact with the ventilation air. Thus, the passive cooling potential of 
removing the acoustic ceiling and exposing more thermal mass in the room 
is significant, especially at reducing the peak temperatures [5-7]. 

There are two reasons why the DCV system might hold a larger cooling 
potential than a traditional night cooling system. One is that the heat transfer 
resistance between the air and the surfaces in the plenum is probably smaller 
than the standard value for natural convection at ceiling surfaces, due to the 
increased forced convection in the plenum. The hypothesis of this study is 
that ventilation inlet through the plenum presents a better utilization of the 
thermal mass of the constructions in the plenum. In literature, data for the 
heat transferred in and around the plenum in a DCV system in combination 
with night cooling is limited. The conditions may be simulated using fluid 
mechanics [8], or well-mixed conditions may be assumed and standard 
correlations used [9], but it does not take into account the effect the airflow 
rate, the inlet air speed or temperature differences in the plenum.  

The primary goal of the experimental work in this study was to 
characterize the mean heat transfer of the plenum as a function of airflow 
rate and temperature difference and to quantify the resulting peak 
temperature reduction in the occupied zone [10]. 

2. Heat transfer methodology 

The definition of the local convective heat transfer coefficient at 
position i, ℎ′𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑖𝑖  is written in (1), where 𝑄𝑄𝑖𝑖  is the heat flux through the 
surface, 𝐴𝐴𝑖𝑖  is the defined sampling surface area, 𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠,𝑖𝑖  is the surface 
temperature and 𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎,𝑖𝑖 is the local bulk air temperature. 

 

ℎ′𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑖𝑖 =
𝑄𝑄𝑖𝑖

𝐴𝐴𝑖𝑖(𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠,𝑖𝑖 − 𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎,𝑖𝑖)
 (1) 

 

However, building simulation tools typically regard the air temperature 
as fully mixed; consequently it is better to use the supply air temperature to 
the plenum, 𝑇𝑇𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  as reference instead of the local air temperature. Also the 
overall heat transfer coefficient accounting for the entire plenum, 𝐻𝐻𝐻𝐻𝐻𝐻𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 
is introduced, which then evaluates: 

𝑄𝑄𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = �ℎ′𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑖𝑖𝐴𝐴𝑖𝑖�𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠,𝑖𝑖 −  𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠� = 

𝐻𝐻𝐻𝐻𝐻𝐻𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡�𝑇𝑇�𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠,𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 − 𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠� 
 

(2) 

Here, 𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 is the total plenum surface area and 𝑇𝑇�𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠,𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  is the 
area-weighted temperature of the plenum surfaces: 

 



𝑇𝑇�𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠,𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 =
1

𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
�𝐴𝐴 𝑖𝑖𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠,𝑖𝑖  ( 3) 

 
Rearranging (2) 𝐻𝐻𝐻𝐻𝐻𝐻𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 can be expressed as: 
 

𝐻𝐻𝐻𝐻𝐻𝐻𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 =
𝑄𝑄𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡�𝑇𝑇�𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠,𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 − 𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠�
= 

𝜌𝜌𝑞𝑞𝑣𝑣𝑐𝑐𝑝𝑝(𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜)
𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡�𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑇𝑇�𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠,𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎�

 
(4) 

 
where 𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜  is the temperature of the air as it exits the plenum through 

the diffuse ceiling. 

3. Setup 

The experimental room is modular, each module with a width of 3 
meters. Three concrete beams with height and width 40x20 cm separate the 
modules. Fig. 1 depicts the situation. 

 
Fig. 1  Sketch of the layout of the case room with dimensions.  

The plenum is partially separated into four segments by concrete beams, 
and for each segment there is an air inlet in a size of Ø315 mm placed on the 
interior wall in the plenum. The plenum segment chosen as the basis of the 
experimental investigation with temperature measurements is marked in red, 
and is referred to as “plenum segment 3”. The beams do not completely 
separate the air in the four plenum segments from each other; they leave a 
gap of 16 cm below the beams open for air to transfer between the segments. 



A longitudinal section of the room is shown in Fig. 2, illustrating the layout 
of the plenum segmented by the beams. 

The suspended ceiling in the room is made from 60x60 cm perforated 
gypsum tiles. On the upper side of the tiles, a thin acoustic felt open to air 
diffusion covers the perforations in the tiles. 

 

 
Fig. 2  Longitudinal section of the experimental room showing plenum segments and 

dimensions of the dividing beams. 

The tiles are suspended in a reverse T-shaped suspension system and the 
total perforation area of the ceiling is 17 %. The entire ceiling system is 
identical to that described and analyzed by Hviid & Svendsen [2]. 

 

  
Fig. 3  Left: picture of the ceiling in the experimental room with some of the tiles moved, 
revealing one of the air inlets supplying the plenum with air. Right: perforated ceiling tiles  

 
Measurements 
Temperatures were measured in segment 3 only, shown in Fig. 1, 26 

locations in the plenum and 8 locations in the room. This yielded a total of 
34 logged temperature measurements for every time step, which was chosen 
to be 10 minutes. The location of the 26 measuring points in the plenum 
(shown in Fig. 4.) divided the plenum into 6 pieces of equal size, presuming 
symmetric airflow conditions around the axis of the inlet jet. Preliminary 
temperature measurements of bulk air and surfaces did not disclose a rotating 
flow pattern consistent with neither a symmetric nor a non-symmetric jet 
[10]. Consequently only results based on the mean temperatures are reported. 



 

 
Fig. 4  Plan diagram of the measurement division in the plenum. In point A, B, C and D, two 

air- and three surface temperatures are measured at different heights (see Fig. 5). Air 
temperature are have blue markings and surface temperature have green markings.  

In the center of each of these six pieces, responding to points A, B, C 
and D in the plan drawing, a measurement “column” of 5 points was placed 
as illustrated in Fig. 5. 

Three of the five measurement locations were necessary to determine 
the heat transfer coefficient, 𝐻𝐻𝐻𝐻𝐻𝐻𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 , i.e. the surface temperatures in 
point 1 and 3 according to Fig. 5, and the outlet temperature in point 5. 
Meanwhile, the air temperature in point 2 in the middle of the plenum is 
measured for a secondary examination of the temperature conditions in the 
plenum, and the bottom side ceiling surface temperature in point 4 is 
measured for an examination in relation to the thermal stratification in the 
room. 

In Points E, F, G, H and I, the surface temperatures are measured for 
beams and walls, which is also needed for the determination of 𝐻𝐻𝐻𝐻𝐻𝐻𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝. 
These measurements are taken in the middle of the height of the plenum, i.e. 
28 cm below the concrete slab. 

In point O, the temperature of the air supplied to the plenum is 
measured. 



 
Fig. 5  Cross section of experimental. Air temperature measurements have blue marking and 

surface temperature green markings. 

4. Results 

Four different flow rates, ranging from 400-1900 m3/h, were applied for 
several days each. The inlet velocity was ranging from 0.4-1.2 m/s. Typical 
logged values are depicted in Fig. 6. It can be seen that the average 
temperature of the plenum surfaces lies between room temperature and 
supply temperature (𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖). 

 

 
Fig. 6  Typical logged values over two periods of time with two different flow rates 𝑞𝑞𝑉𝑉 

 



In Fig. 7 the temperature difference between the plenum surfaces and 
the supply temperature is introduced as: 

 

𝛥𝛥𝛥𝛥 = 𝑇𝑇�𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠,𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 − 𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  (5) 
 

Is clear that the heat transfer coefficient of the plenum varies with 
temperature difference and flow rate, however the spread is quite large for 
any given temperature difference. 

 

 
Fig. 7  Scatter plot of the heat transfer coefficient, 𝐻𝐻𝐻𝐻𝐻𝐻𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 versus the temperature 

difference between supply air and mean surface temperature of the plenum surfaces, ΔT. 

For each of the four applied ventilation air flows, the mean value of the 
heat transfer coefficient 𝐻𝐻𝐻𝐻𝐻𝐻𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  and corresponding thermal resistance, 
𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝, are given in Table 1. These values should be compared to the 
internal convective resistances that, for instance, are employed in the Danish 
commercial building simulation software Bsim [11], which are in the range 
0.40-0.50 m2K/W for floors and ceilings with natural convection, 
respectively. 

Table 1.  Mean values for the heat transfer coefficient, 𝐻𝐻𝐻𝐻𝐻𝐻𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝, and the corresponding 
convective thermal resistance for the four different investigated air flows of the system. 

qsystem 
(m3/h) 

qV 
(m3/h) 

qV 
(l/s/m2) 

HTCplenum, mean 
(W/m2K) 

Rconv,plenum 
(m2K/W) 

400 110 1.5 1.86 0.54 
1000 200 3.7 3.42 0.29 
1800 320 6.6 4.61 0.22 
1900 335 7.0 5.03 0.20 
 



Passive cooling potential 
Three scenarios of a classroom were simulated; the baseline with 

suspended acoustic ceiling and unventilated plenum, one scenario with 
ventilation supply in the plenum (DCV), and for comparison, one scenario 
with no acoustic ceiling. The upper and lower slab and the corridor wall were 
all made from concrete/bricks. Thus, the thermal inertia was quite high. The 
convective resistances from Table 1 were implemented and radiative heat 
exchange was calculated during the simulation. More input information is 
available from [10]. 

 
Fig. 8  Bsim models. Left: DCV, middle: baseline with unventilated plenum, right: acoustic 

ceiling removed  

Fig. 9 shows the peak temperatures for three selected summer days. The 
scenario with ventilated plenum (DCV) exhibits temperatures in the 
occupied zone approx. 1-1.5 °C lower than the baseline and approx. 0.5 °C 
lower than the scenario with the acoustic ceiling removed. The cause of this 
is probably improved ventilative cooling of the upper concrete slab during 
nighttime because of the proximity between supply jet and concrete slab. 

5. Conclusion 

Through the experimental investigation with measurements of temperatures 
and air flows, the heat transfer coefficient, 𝐻𝐻𝐻𝐻𝐻𝐻𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  was found and 
expressed as a function of the variables ∆𝑇𝑇 and 𝑞𝑞𝑣𝑣, while mean values for 
the heat transfer coefficient was established at the four examined air flows. 
In the experimental analysis, it was seen that the mean thermal convective 
resistance at the surfaces in the plenum can be reduced to 0.22 m2K/W for 
the air flow rate of 6.61 l/s/m2. For comparison, the standard value for the 
thermal convective resistance on ceilings in rooms where natural convection 
prevails, is 0.50 m2K/W. This is a good indication of the free cooling 
potential, as more of the thermal mass of the constructions can be utilized as 
a thermal buffer. 

 
 



 
Fig. 9  Three days with peak operative temperature reductions due to improved ventilative 

cooling 
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