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STUDY ON THE APPLICABILITY OF THE 
DESK DISPLACEMENT VENTILATION CONCEPT 

Marcel G.L.C. Loomans, Ph.D., P.E. 

ABSTRACT 
This paper summarizes an experimental and numerical study into a ventilation 

concept which combines displacement ventilation with task conditioning; the so-called desk 
displacement ventilation (DDV-) concept. The study uses steady-state and transient results 
to discuss the applicability of the DDV-concept for standard office room configurations. 
The evaluation of the concept is focussed on micro/macroclimate and thermal comfort. 

The results show that the separation between micro- and macroclimate, a 
characteristic of task conditioning, is less pronounced. Furthermore, the thermal comfort 
conditions at the desk limit the cooling capacity of a DDV-system. Finally, the transient 
characteristics of the concept do not conform to posed requirements for task conditioning 
systems. The main conclusion therefore is that there is no particular advantage in sitting 
close to a displacement ventilation unit. 

An improvement of the DDV-system is proposed by incorporating a parallel 
system which provides the fresh air near head level. The improvement of the combined 
system has been investigated using Computational Fluid Dynamics. 

Keywords: human comfort, adjustable, control, air conditioning, temperature, efficiency, 
ventilation 
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STUDY ON THE APPLICABILITY OF THE 
DESK DISPLACEMENT VENTILATION CONCEPT 

 
Marcel G.L.C. Loomans* , Ph.D., P.E. 
 
ABSTRACT 

This paper summarizes an experimental and numerical study into a ventilation 
concept which combines displacement ventilation with task conditioning; the so-called desk 
displacement ventilation (DDV-) concept. The study uses steady-state and transient results 
to discuss the applicability of the DDV-concept for standard office room configurations. 
The evaluation of the concept is focussed on micro/macroclimate and thermal comfort. 

The results show that the separation between micro- and macroclimate, a 
characteristic of task conditioning, is less pronounced. Furthermore, the thermal comfort 
conditions at the desk limit the cooling capacity of a DDV-system. Finally, the transient 
characteristics of the concept do not conform to posed requirements for task conditioning 
systems. The main conclusion therefore is that there is no particular advantage in sitting 
close to a displacement ventilation unit. 

An improvement of the DDV-system is proposed by incorporating a parallel 
system which provides the fresh air near head level. The improvement of the combined 
system has been investigated using Computational Fluid Dynamics. 
 
INTRODUCTION 

Ventilation techniques for the entire room volume as mixing and displacement 
ventilation cannot provide the required specifications for individual control and the 
conditioning of a small volume around the occupant (the microclimate), when more than 
one person occupies the room. Furthermore, centrally controlled air conditioning systems 
ignore the apparent differences in thermal comfort requirements between persons 
(Benzinger 1979).  

The lack of occupant influence on indoor thermal conditions for the above 
indicated situations has increased building related complaints (WHO 1983). These 
complaints, along with an increasing environmental awareness, have lead to a search for 
alternatives. These alternatives either allow a more natural way of climatizing the indoor 
environment, including individual control (Hawkes 1996), or, when mechanical air 
conditioning is necessary, intend to influence only the immediate surrounding of the person 
operating the system: task conditioning systems (Bauman et al. 1994). These latter systems 
create a microclimate within a macroclimate by introducing the conditioned supply air near 
the workplace close to the occupant. As a result of having local zones, strict comfort-related 
requirements for the air conditioning of the macroclimate may be mitigated, thereby 
improving for example, energy efficiency (Bauman and Arens 1996). Providing individual 

                                                 
* Marcel Loomans is a scientific staff member at TNO Building and Construction - Indoor Environment, 

Building Physics and Systems Division - the Netherlands. The described research was performed as part of a 
PhD-study at the Eindhoven University of Technology, the Netherlands. 
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control of thermal conditions within the micro-zone however is seen as the major factor in 
improving user satisfaction.  

 
[include Figure 1 and Figure 2] 
 
For the creation of a microclimate by mechanical ventilation, the supply diffuser 

must be situated close to the occupant. Task conditioning systems for office environments 
already were identified in the 70’s to correct the thermal conditions near the occupant. 
Different furniture-based and floor mounted supply diffusers for office environments and 
assembly rooms can be found in for example Krantz (1984). Investment costs and the 
practicality of the technical implementation however hampered its wide-spread 
introduction. Today, these types of personalized air supplies still form the basis of design 
for newly developed task conditioning systems. An overview of the currently available task 
conditioning systems is found in Bauman and Arens (1996). Nearly all positions around the 
occupant may be used to create a microclimate (see Figure 1). These systems normally 
introduce the air from relatively small diffusers at relatively high velocity and turbulence 
intensity.  

In contrast to the characteristics of the above-described task conditioning systems, 
the desk displacement ventilation (DDV-) concept is introduced. With the DDV-concept it 
is intended to create a microclimate by introducing the supply air below the desk, close to 
the occupant (see Figure 2), applying the rules set by the displacement ventilation principle; 
introduction of air over a relative large area at low velocity (0.3 … 0.7 ft/s [0.1…0.2 m/s]). 
In this concept a displacement ventilation unit is situated below the desk top, against the 
back of it. A fan may be incorporated in the unit to extract conditioned air from a floor 
plenum. The fan-setting then determines the flow rate. The temperature may be controlled 
via an electrical heater or by adjusting the amount of recirculated room air with a mixing 
valve. Other air distribution and air supply systems are possible to control the supply flow 
rate and temperature, e.g. a twin duct system (Rutten 1996).  

 
The DDV-concept intends to combine the positive features of displacement 

ventilation, e.g. higher ventilation effectiveness when compared to normal mixing 
ventilation, with those for task conditioning, e.g. control on thermal comfort conditions. 
This concept has been applied successfully in a high cooling load project at a dealer’s room 
in Sydney, Australia 1 . The performance of the DDV-concept for normal office 
configurations however is not clear. When the supply temperature is below room 
temperature relative cool air is provided directly at a critical position of the body, i.e. the 
ankles. Though thermal comfort is in direct control of the occupant, it is not evident: 
• whether a micro-/macroclimate is created, 
• what the performance of the DDV-system is in terms of cooling load and pollutant 

removal capacities, under a wide range of occupant settings, 
• what the macroclimate conditions are (given a microclimate) and under which 

circumstances additional cooling and fresh air is required. 

                                                 
1 The DDV-concept was first applied by P.G.S.Rutten when he was with Lincolne Scott Australia Pty Ltd. 
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This paper summarizes the results of an experimental and numerical study into the 

applicability of the DDV-concept for standard office environments for the above posed 
uncertainties. First, the concept is judged on its steady-state and transient behavior. Next, 
an improvement of the concept is proposed and verified applying Computational Fluid 
Dynamics (CFD). 

 
[include Figure 3] 
 

INVESTIGATED CONFIGURATION 
Experimental setup. Experiments have been performed in a specially designed 

full-scale climate chamber setup. The model office room, L×B×H = 16.9×11.8×8.9 ft3 
(5.16×3.6×2.7 m3) (0.55 ft (0.2 m) plenum height included), has been built in a larger 
climate chamber (16.9×31.8×8.9 ft3 [5.16×9.7×2.7 m3]) at university in the Netherlands. All 
walls of the climate chamber are temperature controlled by the climate chamber control 
system. As a result four walls of the office model can be temperature controlled directly, 
the two remaining walls are controlled indirectly. The average wall temperature was set at 
73.4oF (23oC). An air-handling unit has been used to condition the air to the pressurized 
plenum. 

A schematic drawing of the model office room is shown in Figure 3. The room 
dimensions and the applied coordinate system are given in the figure. The important room 
features are also shown. The supply, a standard displacement ventilation unit, is placed 
under the desk table and the exhaust is located in the South-East upper corner of the room. 
In the experimental setup direct adjustment of the thermal parameters at the unit was not 
possible. The configuration, however, theoretically allows adjustment of temperature and 
flow rate at the desk.  

Different heat sources have been placed in the room. The heat input was measured 
with a watt meter. As the person seated at the desk is an essential element in the DDV-
concept, a simplified thermal mannequin was designed and built to represent the human 
body, both geometrically and with regard to the heat distribution. The heat input into the 
thermal mannequin was provided by light bulbes and smalle fans. The heat distribution was 
checked by comparing the surface temperature distribution of the thermal mannequin to that 
of a real person, by means of infrared thermography. 

 
Omnidirectional low-velocity hot sphere anemometers and thermocouples have 

been applied for air velocity and temperature measurements at the flow, respectively. Wall 
temperatures are measured by positive temperature coefficient resistors (PTC’s). The 
accuracy of the velocity measurements is determined at ±0.08 ft/s (0.025 m/s) at velocities 
between 0.2 - 1.6 ft/s (0.05 – 0.50 m/s). For the temperature measurements, the accuracy is 
determined at ±0.18oF (0.1oC) for the thermocouple and at registration accuracy (±0.225oF 
[0.125oC]) for the PTC’s. A full description of the experimental setup is given in Loomans 
(1998). 
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Numerical technique. Computational fluid dynamics (CFD) has been used to 
numerically simulate the air flow pattern in the DDV-configuration. The simulated 
configuration corresponds with the experimental one shown in Figure 3. A non-equidistant 
structured grid has been applied.  

The numerical results described in this paper have been obtained with a low-
Reynolds number RNG k-ε turbulence model (Fluent 1998). The near-wall boundary layer 
was calculated with standard wall functions. The average wall heat transfer coefficient (h) 
was incorporated in the definition of the constant temperature boundary condition to 
calculate the wall heat transfer. Averaged over all investigated cases they read: floor, havg= 
1.1 Btu/(h⋅ft2⋅oF) (6 W/m2K); ceiling, havg= 0.9 Btu/(h⋅ft2⋅oF) (5 W/m2K); wall, havg= 0.4 
Btu/(h⋅ft2⋅oF) (2 W/m2K). These coefficients were derived from extensive steady-state full-
scale climate chamber measurement data for the same configuration (Loomans 1998). The 
application of standard wall functions to calculate the wall heat transfer resulted in an 
underestimation of the actual value by, on average, a factor two or more. The heat sources 
in the room were modelled with a constant heat flux boundary condition. The results from 
the applied CFD-model were in good agreement with the measured temperature distribution 
and the average turbulence intensity in the room. 

 
[include Figure 4 and Table 1] 
 

STEADY-STATE BEHAVIOUR 
Flow pattern. The steady-state flow pattern obtained with the DDV-concept was 

investigated experimentally and numerically for six different air flow rates ( V = 21.0 to 
98.7 ft3/min [0.010 to 0.047 m3/s]) and two heat load variants (Q = 427 and 1700 Btu/h  
[125 and 500 W]). In the first heat load variant the thermal mannequin was the single heat 
source. In the second variant all heat sources were activated. Focus has been put on 
situations in which a displacement ventilation flow pattern is obtained ( wallT - supplyT = 1.8 to 
5.4oF [1 to 3oC]). Figure 4 presents a typical example of the temperature and velocity flow 
pattern at the central plane of the office configuration in which the DDV-concept is applied. 
A summary of the prevailing boundary conditions is shown in Table 1.  

From Figure 4a it is clear that the temperature gradient below the person is greater 
than at a position further away. A difference in the vertical temperature gradient is found on 
the opposite sides of the desk. These characteristics and the velocity contour field indicate 
the local influence of the system.  

Furthermore, the occupant is the only heat source which induces air from the 
supply air layer near the floor. As the interface height is below head level, the air quality at 
the mouth of the occupant therefore will be significantly better than the air quality at other 
locations at similar height. This effect has been confirmed from local mean age of the air 
measurements at the same configuration, performed by Roos (1998). Using the personal 
exposure model defined by Brohus (1997), the effectiveness of entrainment in the human 
boundary layer (ηe) however does not show an improvement compared to results for rooms 
with standard displacement ventilation (Brohus 1997). For this comparison, the local mean 
age of the air was assumed proportional to the contaminant concentration. 
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The obtained steady-state results for the DDV-configuration have been compared 
in Loomans (1998) with measurement results from literature which focus on rooms with 
displacement ventilation (Krühne (1995) and Mundt (1996)). This comparison showed that 
the difference between the results for the DDV-concept and those for a room with standard 
displacement ventilation were negligible. This is explained from the fact that the introduced 
colder supply air is spread over the total floor area first, before it returns to the heat source 
(the occupant) and enters the buoyant plume. This effect is confirmed from visualizations 
with smoke. The convection plume rate at the occupant near floor level is too small to take 
up all supplied air at once. Moreover, at higher level room air is induced into the plume due 
to entrainment. 

 
Thermal comfort. As the supply temperature is below room temperature and the 

supply air is provided directly at a critical position of the body, i.e. the ankles, the supply 
conditions are predominantly determined by the thermal comfort requirements. Though 
control is in the hands of the occupant, for the experimental configuration, thermal comfort 
conditions have been derived for the investigated steady-state boundary conditions. 
Velocity and temperature measurements near the ankle have been used to determine the 
PMV, PPD and PD-values (Fanger 1970, Fanger et al. 1988). Fanger obtained the PMV-
relation for thermally uniform conditions. As the conditions at the ankle are most critical in 
the DDV-concept, these conditions are assumed to prevail for the whole microclimate. 

From the results it could be concluded that, according to the definition of the PMV-
value, the thermal conditions are slightly cool (PMV = -0.5 to -1; PPD = 10% to 26%) and 
do not meet the requirements formulated in ASHRAE (1992): PPD < 10%, for most 
investigated cases. Because the velocities remain very low, the percentage of dissatisfied 
due to draught on the other hand is in compliance with the formulated criteria (PD < 15%) 
for all but the highest investigated supply air flow rate. To increase the PMV-value, the 
supply temperature should be increased, therewith reducing the cooling capacity of the 
system.  

The vertical air temperature difference between 0.3 ft and 3.6 ft (0.1 m and 1.1 m) 
height was less than 5.4oF (3oC) for all investigated cases and thus would meet the standards 
criterion (ASHRAE 1992). Skistad (1994) however recommends that the vertical 
temperature gradient should be restricted to 3.6oF (2oC), as higher than normal velocities 
are expected across the ankles. Assuming this point of departure, the criterion is not met for 
most investigated cases. 

 
Besides full-scale measurements with the simplified thermal mannequin, indicative 

subjective tests have been performed with test persons that were seated in the experimental 
setup for 1.5 hours. In total five persons voted on the thermal comfort conditions at V = 
40.3 ft3/min (0.019 m3/s), Twall ≈ 73.4oF (23oC), and a supply air temperature between 62.6oF 
and 75.2oF (17oC and 24oC). The test person was the only heat source in the room and was 
not able to change the thermal conditions. The clothing insulation was estimated at 0.5 to 
0.6 clo, the metabolic rate at 19.0 to 22.2 Btu/(h⋅ft2) (60 to 70 W/m2). A questionnaire was 
designed following the description of Gan and Croome (1994). In the questionnaire thermal 
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comfort votes were requested on a seven-point scale and subdivided to head, chest, leg and 
ankle level. Furthermore, an overall impression was asked for. 

From the indicative subjective tests, the following results were obtained: The 
overall thermal comfort votes for the given conditions ranged from slightly cool (PMV = -
1) at temperatures between 62.6oF and 71.6oF (17oC and 22oC) to neutral (PMV = 0) at 
75.2oF (24oC). However, a large difference was found for the different levels. At ankle level 
the conditions ranged from cool (PMV = -2) at 62.6oF (17oC) to slightly cool at 75.2oF 
(24oC), whereas at head level the thermal conditions were voted neutral for all investigated 
supply temperatures. 

 
Conclusions on steady-state behavior. The experimental and numerical results 

for the steady-state indicate that the DDV-concept functions according to expectations: the 
system determines the thermal conditions in the direct surrounding of the occupant, though 
predominantly near floor level. From the visualized flow field it is however concluded that 
the boundaries of the microclimate are less defined than projected. This is supported by the 
local mean age of the air measurements of Roos (1998) and the comparison with Brohus 
(1997). The results indicate a close agreement between the standard displacement 
ventilation principle and the DDV-concept.  

As the supply is located close to the occupant, the supply conditions are important. 
Assuming that within office environments cooling will be required predominantly, the 
prevailing thermal comfort conditions and the subjective tests indicate that the supply air 
temperature has to be relatively high (> 68.0oF [20oC]) to obtain thermally comfortable 
conditions. The supply air flow rate cannot be increased significantly due to draught risk. 
The convective cooling load that can be obtained from one DDV-unit therefore is low (in 
the order of 341 Btu/h [100 W]; i.e. V ≈ 64 ft3/s [0.03 m3/s], wallT - supplyT ≈ 5.4oF [3oC]). 
Under normal conditions additional cooling will be required to climatize an office room, 
e.g., through a cooled ceiling. 

 
From the steady-state results however an important specification of task 

conditioning systems could not be investigated, the effective response to a change in supply 
conditions. As the supply is situated close to the occupant and individual control on thermal 
parameters is possible, the question remains whether the DDV-concept can operate as a task 
conditioning system. This will be the topic in the next section. 

 
TRANSIENT BEHAVIOUR 

Introduction. An important requirement for an individually controlled task 
conditioning system is a short response time between the moment of change of the control 
setting of a system parameter and when the user in fact notices a change. Little information 
is available on this combined physical, physiological and psychological subject. As no 
quantitative results were available, the response time is postulated to have to be within the 
order of one minute, in order for the system to be regarded to as a task conditioning system. 
If the sensed response to the control action takes longer than one minute the system is not 
able to respond to the rapid physiological changes and therefore the thermal comfort 
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requirements. From a psychological point of view, the occupant expects a nearly direct 
noticeable result after a change of the settings which would confirm the control. 

 
The resulting effect near the occupant (e.g., (Tend - Tstart)i) differs from the absolute 

change in the system parameter (e.g., (Tend - Tstart)supply). This effect is indicated as the 
amplitude of the step response and will mentioned as the step response. The step response 
is defined as the ratio of the change at a point in the room to the change at the air supply at 
renewed steady-state conditions. E.g., for a temperature change this would read, 

( )
( )supplystartend

istartend

TT
TT

responsestep
−
−

= . (1) 

The step response preferably should approach unity. A small value of the step 
response indicates a large damping. The damping is defined as  

( ) %100responsestep1damping ⋅−= . (2) 

 
For individually controlled systems that force the air in the occupants direction at 

relatively high velocity (Bauman and Arens 1996), the response time in respect of velocity 
changes usually does not present a typical problem. This also accounts for the step response, 
as entrainment of room air will be limited if the distance between the supply and the 
occupant is small. For the DDV-concept these transient parameters are more critical. They 
have been investigated through experiments and by a parameter study using a relatively 
simple one-dimensional numerical model of the flow problem.  

 
[include Figure 5] 
 
Transient experiments. For the experimental approach, the steady-state 

experimental setup described above was altered slightly. Additional temperature 
measurement locations were introduced close to the thermal mannequin at ‘ankle’, ‘crotch’, 
‘neck’ and ‘mouth’ position. Temperatures above ‘ankle’ level were measured in the 
boundary layer flow at the mannequin, at 0.07 ft ± 0.02 ft (0.02 m ± 0.005 m) distance from 
the surface of the mannequin. The temperature measurements were undertaken with PTC’s. 
The other measurement sensors (velocity anemometers and thermocouples) were positioned 
at different heights and distances from the supply. These positions remained fixed for all 
measurements. The setup is summarized in Figure 5. 

Measurements were taken for a period of 65 minutes with the thermal mannequin 
as the single heat source. Steady-state conditions were maintained by the climate chamber 
control unit and temperatures typically were kept constant within ±0.27oF (0.15oC) for more 
than one hour before the start of the measurements. These conditions were registered during 
a period of approximately 20 min, after which a step in the supply temperature was 
introduced. A temperature increase of +5.4oF (3oC) was obtained at a maximum achievable 
rate of increase of temperature of 45oF/h (25oC/h). The end-point supply temperature was 
controlled by hand during the remaining registration time. The wall temperatures were 
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computer controlled. The average variation in the wall temperatures, during this part of the 
experiment, was less than 0.27oF (0.15oC) (standard deviation 0.18oF [0.1oC]). Only the 
floor temperature, that was controlled indirectly due to the raised floor construction, was 
found to vary up to 0.9oF (0.5oC). The average room temperature at the start of the 
measurements was set at 73.4oF (23oC). The flow rate for most measurements was set at V
= 40.3 ft3/min (0.019 m3/s).  

 
[include Figure 6 and Table 2] 
 
Transient experimental results. As the registered velocities do not present a 

problem with regard to thermal comfort, the results and discussion are focussed on the 
temperature. Figure 6 shows a typical result for the temperature course at different positions 
near the thermal mannequin (PTC’s) and in the room (thermocouples) for a case in which a 
displacement ventilation flow pattern is maintained after the temperature increase (from 
62.6 to 68.0oF [17oC to 20oC]). The characters and numbers in the figure refer to the 
measurement positions presented in Figure 5. Results for the step response are shown in 
Table 2. They are determined from (Tend - Tstart)i/(Tend - Tstart)supply, in which i represents the 
measured air temperature at the specific PTC or thermocouples. Furthermore, results of a 
second run are given to allow an examination of the reproducibility of the experiments. 
Given the measurement accuracy (= registration accuracy for the PTC) the step response is 
accurate up to ±0.05 for a step response smaller than 0.3. This explains the negative value 
found at position E. 

 
The results show a nearly immediate response at the ‘ankles’ of the thermal 

mannequin seated at the desk (position A). This point is located at only 1.0 ft (0.3 m) from 
the supply, but the damping due to entrainment already is 22%. At other positions the 
damping increases rapidly to 80% and higher. Comparing these results with the damping at 
the exhaust (position X) or at the thermocouple positions in the room (see Table 2), it can 
be concluded that the increase in temperature near the thermal mannequin corresponds with 
the temperature increase of the room as a whole. There is therefore no particular advantage 
in sitting close to the unit. 

The step response can be determined according to objective criteria, i.e. mean start- 
and end-point temperature. For the response time this is not possible given the supply 
temperature step-up and the present overshoot. An order of magnitude value may only be 
estimated graphically. From Figure 6 it is apparent that the response time is longer than the 
postulated maximum response time, for a large part of the body. 

 
An improvement of the step response and response time has been investigated 

further via several cases in which, amongst others, the room volume at the lower part of the 
room was reduced. For those cases where the displacement ventilation flow pattern remains 
intact after the temperature step, differences with the above-described results are small and 
restricted to the lower part of the room. Near the thermal mannequin, above the legs, no 
significant improvement in the step response was measured. At a 1.5 times higher flow rate 
the step response near the mannequin on average was increased by about 30%.  
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Transient numerical approach - Using the experimental results, the research 

focus has been directed towards the transient effect of a displacement ventilated room as a 
whole after a change in the supply conditions. This indicates a worst case scenario for the 
DDV-concept and it would allow a comparison with the results found close to the occupant. 
If differences in the transient parameters are significant, the DDV-concept can result in an 
improvement of the efficiency of the displacement ventilation system compared to a setup 
where the unit is situated against a wall. Furthermore, in the experimental results the 
response time aspect has been neglected almost completely, as it could not be determined 
from the measurement results. 

 
[include Figure 7] 
 
In order to obtain a pragmatic understanding of the influence of different 

parameters on the step response and response time, for a normal displacement ventilation 
system, a relatively simple numerical model has been developed. The model is based on the 
temperature stratification which is characteristic for displacement ventilation. The room is 
represented by a number of stacked zones (see Figure 7). Heat is transported through 
convection (Qc) and transferred at the walls (Qk). Furthermore, in each zone a heat source 
(Qh,i) can be introduced. The heat balance is solved for each zone. The modeling is described 
further in Loomans (1998). 

 
[include Figure 8] 
 
The numerical model was fitted with the thermocouple results of the transient 

experiments. For the heat transfer coefficients results were taken from the steady-state 
measurement and simulation results (Loomans 1998) and from literature (Chen and Jiang 
1992). A comparison between measurement and simulation is shown in Figure 8. The 
derived constants for the model were found useful for transient application at V = 21.2 to 
40.3 ft3/min (0.010 to 0.039 m3/s). 

 
Transient numerical results. For a true step in the temperature and/or the flow 

rate the response time (τi) is determined according to the 1-e-1 method. The step response 
(∆Tzone,i /∆Tsupply) is defined as the zonal temperature difference between end and start 
condition relative to the temperature step at the supply. Both parameters were investigated 
for a temperature step, a flow rate step and a combined temperature-flow rate step. 
Furthermore, the sensitivity of the response time and step response to the heat transfer 
coefficient and the room volume was determined. From this parameter study general 
remarks regarding the response time and the step response are summarized in Loomans 
(1998).  

 
Here only the result for the above-described measurement run is described. 

Applying the measured boundary conditions, the response time is calculated at ~0.5 min 
and ~3 min for zone 1 (y = 0 to 1.4 ft [0 to 0.4 m]) and 2 (y = 1.4 ft to 2.7ft [0.4 m to 0.8 
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m]) respectively. The step response is calculated at 0.17 and 0.10 respectively. Therefore, 
the transient aspects of the DDV-system applied in the experiments equal those of a normal 
displacement ventilation system (compare with results in Table 2). 

 
Conclusions on transient behavior. The transient measurements and simulations 

have confirmed the earlier conclusion that the DDV-concept is not able to create a well-
defined microclimate. When the supply conditions are changed realistically, the step 
response close to the occupant is in the order of 0.1, whereas a value > 0.6 should be aimed 
at. The response time is beyond the postulated value of one minute. Only less realistic large 
changes at the supply are able to adjust the thermal conditions in the microclimate fast 
enough to meet the occupant requirements, most probably jeopardizing thermal comfort.  

 
APPLICABILITY OF THE DDV-CONCEPT 

When the results from the steady-state and transient behavior are combined, the 
final conclusion is that the desk displacement ventilation (DDV-) concept cannot be used 
solely as an individually controlled (task) conditioning system for standard office 
environments, unless special attention is given to the room configuration. As the supply 
flow rate should remain low (< 64 ft3/s [0.03 m3/s]), the thermal conditions that arise at floor 
level cannot be obtained at head level, because of entrainment and mixing of room air at the 
interface of the convection plume and the surrounding air. The short distance of the supply 
unit to the occupant makes no difference. The system operates as a normal displacement 
ventilation system.  

 
The conditions set forward earlier, a fast response and little damping, in order to 

obtain an individually controlled system, cannot be accomplished by a displacement 
ventilation flow pattern only. This applies to standard displacement ventilation units as well 
as to floor based grilles, which under cooling load conditions introduce the air at low 
velocity (in the order of 0.3 … 1.6 ft/s [0.1...0.5 m/s]). A fast change of the environmental 
conditions should be effected by a parallel system as e.g. a high air velocity system close to 
the occupant. 

 
The fact that the DDV-system has been introduced successfully at a dealers room 

in Sydney, Australia [mentioned in the introduction], was the result of correct positioning 
of the system. Long rows of DDV-systems at both sides of a small corridor restricted the 
spread of the displacement ventilation flow and forced it in upward direction, along the 
occupant. Therefore, the time response is short as the lower zone volume is small and the 
damping is restricted as the surface heat transfer at the floor is relatively small compared to 
the experimental setup as described above. A recent application of the DDV-concept, 
described in HLH (1997), again applied for a dealers room, benefited from the same design 
conditions as for the dealers room in Sydney. 

 
However, also other intentions for application of displacement ventilation in 

combination with a microclimate are being reported (Diehl and Schiller 1997). The above 
results clearly show that the expected benefits from bringing displacement ventilation close 
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to the occupant will not outweigh the limitations with regard to thermal comfort. Also, the 
cooling load that can be achieved by one DDV-system is limited to approximately 170 to 
341 Btu/h (50 to 100 W), which normally is well below the present convective cooling load 
in standard offices. 

 
[include Figure 9] 
 

IMPROVED VERSION OF THE DDV-CONCEPT (DDV+) 
Introduction. In the above discussion the use of a parallel system was indicated 

necessary to improve the transient characteristics of the DDV-concept. The validated CFD-
model for the steady-state flow pattern has been applied to investigate the response 
improvement of an additional system that is incorporated in the concept. Figure 9 presents 
the combination of the desk displacement ventilation unit and a desk slot; a small slot in the 
desk top through which air is supplied close to the occupant at desired velocity and 
temperature. This desk slot is a variant of the one described by Wyon (1995). The 
displacement ventilation system is used to allow a base ventilation and the flow rate through 
the desk slot is small (< 15% of the base flow). This combination is indicated as the 
improved DDV-concept (DDV+). 

 
Validation. First, the transient CFD-simulation of the original concept has been 

compared with measurement results from the discussed transient experiment (Figure 6 and 
Table 2). In the simulations the time step was set to 60 sec. For each time step 1000 iterations 
were solved if there was a temperature variation over the time step. If not, 250 iterations 
were solved. Steady-state simulations indicated that the number of iterations for each time 
step was ample to reach a stable solution. The normalized residuals could not be brought 
below the normally applied criteria, especially for the energy equation. 

 
[include Figure 10] 
 
Figure 10 presents the temperature course as a result of the temperature variation 

at the supply for the experiment and the simulation. The characters in Figure 10 correspond 
to the positions indicated in Figure 9. The capitals indicate the measurement results, the 
lower case characters the CFD-simulation results. Differences in the absolute value mainly 
result from the discretisation of the flow problem close to the heat source and the large 
gradients that appear. The transient course of the temperature is predicted relatively well. 
As for the measurements also in the simulations the limited variation in the air temperature 
is evident despite the almost 5.4oF (3oC) temperature step at the supply. 

The calculations required extended simulation time. From the comparison it is 
however concluded that the application of CFD for the qualitative investigation of a time 
dependent flow problem is feasible. 

 
[include Figure 11 and Table 3] 
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Results improved concept (DDV+). Figure 11 presents the temperature as 
function of the time for three positions near the occupant. These positions are indicated in 
Figure 9. For the DDV case only the temperature at the displacement ventilation unit is 
lowered step-wise by 5.4oF (3oC). For the DDV+ case, besides the displacement ventilation 
unit, the desk slot is operated. The temperature conditions at the desk slot are the same as 
for the unit. The supply flow rate at the desk slot is 5.3 ft3/min (0.0025 m3/s) (A = 0.036 ft2 
[0.0033 m2]). In the simulations the time step was set to 10 sec for the first three minutes of 
the simulation process. After that a time step of 60 sec was applied up to a total simulated 
time interval of 50 min. In Table 3 the damping as defined in Equation 2 is given for the 
two cases. The steady-state end-point value is determined by averaging over the last 10 
minutes of the simulation process (average standard deviation 3 %).  

 
The positive effect of the desk slot is shown by the nearly instant change of the 

temperature at mouth height (position E). The step response is a factor two higher compared 
to the original situation. At the other positions near the mannequin the damping is not 
improved. This is in agreement with the intention for the use of the desk slot. From Table 3 
however it is obvious that a large step response (> 0.6; Equation 1) is difficult to obtain with 
the applied supply flow rate at the desk slot (5.3 ft3/min [0.0025 m3/s]). The velocity at 
position G due to the flow at the desk slot is 1.0 ft/s (0.30 m/s), whereas at position E the 
velocity increased from 0.9 to 1.1 ft/s (0.26 m/s to 0.33 m/s). 

 
Discussion. The addition of a so called desk slot (suggested in Wyon (1995)) 

considerably improves the response time and step response (damping) of the thermal 
parameters close to the head. Whether such a solution is practical remains outside the scope 
of this paper. An additional part of this study was to investigate the applicability of CFD for 
this type of qualitative design study. 

 
In the example the desk slot is operated at a constant (desired) velocity and at the 

supply air temperature of the displacement ventilation unit. Another option would be to 
maintain the required supply conditions at the desk slot for a restricted period of time. After 
this time (e.g. 5 minutes) the air supply through the desk slot would gradually reduce to 
zero. This type of adjustment would mitigate the short-term response of the desk 
displacement ventilation system. Furthermore, it would provide an answer to the fact that 
often changes in the thermal requirements are short-term based. 

 
CONCLUSIONS 

The in this paper described steady-state and transient experimental and simulation 
results clearly indicate that combination of the displacement ventilation and the task 
conditioning principle in the so-called desk displacement ventilation concept is not feasible, 
unless special attention is given to the room configuration. The in this paper postulated 
requirements for a task conditioning system (step response and response time) are not met. 
When a desk slot is incorporated in the concept, these parameters are improved. The cooling 
load that can be obtained from one unit nevertheless remains low due to thermal comfort 
requirements. 
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TABLE 1 
Boundary conditions (Figure 4) 

 

 
 

TABLE 2 
Measurement results step response, ( )

( )supplystartend

lethermocoup/PTCstartend

TT
TT
−

−  

 
  PTC       

 (Tend-Tstart)supply A B C D E F X 
1. 5.33oF (2.96oC) 0.78 0.18 0.13 0.12 -0.02 0.04 0.04 
2. 5.31oF (2.95oC) 0.78 0.15 0.11 0.09 -0.02 0.04 0.02 
     thermocouples      
 (Tend-Tstart)supply 1-10 11-20 15-16 21-30 31-40   
1. 5.33oF (2.96oC) 0.31 0.05 0.11 0.42 0.05   
2. 5.31oF (2.95oC) 0.29 0.03 0.10 0.44 0.03   

 
 
 

TABLE 3 
Damping of the original and the improved concept [%] (Equation 2) 

 
Position A B C D E F G 
DDV 33 104 81 82 80 86 93 
DDV+ 35 97 93 97 58 81 44 

 
 
 

Air flow rate    V = 21.2  ft3/min (0.01 m3/s) 
total heat input (51% convective) Q = 1660 Btu/h (485 W) 

Temperature difference 
wallT - outletT = 4.5 oF (2.5 oC) 
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FIGURE 1. Overview of the identified locations for task conditioning based supply 
diffusers. 
 
FIGURE 2. The desk displacement ventilation (DDV-) concept. 
 
FIGURE 3. The model office room. 
 
FIGURE 4. Typical example of the numerically simulated temperature (a; in oC) and 
velocity (b; in m/s) flow pattern at the central plane of the office configuration equipped 
with the DDV-concept. 
 
FIGURE 5. Configuration for the transient experiments. 
 
FIGURE 6. Temperature as function of time for the described experiment. 
 
FIGURE 7. Zonal model of the room. (qi and qqi are factors that allow a correct 
representation of the temperature gradient in the room). 
 
FIGURE 8. Comparison of simulation results from the zonal model and thermocouple 
data (see Figure 6). 
 
FIGURE 9. Improved DDV-concept + measurement locations. 
 
FIGURE 10. Comparison of simulation and measurement results (see Figure 9). 

 
FIGURE 11. Temperature course as function of the time for the original (DDV) 

and the improved (DDV+) concept (see Figure 9). 
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FIGURE 1. Overview of the identified locations for task conditioning based supply 
diffusers. [Figure01.wmf] 
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FIGURE 2. The desk displacement ventilation (DDV-) concept. [Figure02.wmf] 
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FIGURE 3. The model office room. [Figure03.wmf] 
 
  

 



 21 

FIGURE 4. Typical example of the numerically simulated temperature (a; in oC) and 
velocity (b; in m/s) flow pattern at the central plane of the office configuration equipped 
with the DDV-concept. [Fig_04a.wmf + Fig_04b.wmf] 
 
  

a)  
 

b)  
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FIGURE 5. Configuration for the transient experiments. [Figure05.wmf] 
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FIGURE 6. Temperature as function of time for the described experiment. [Figure06.eps] 
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FIGURE 7. Zonal model of the room. (qi and qqi are factors that allow a correct 
representation of the temperature gradient in the room). [Figure07.wmf] 
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FIGURE 8. Comparison of simulation results from the zonal model and thermocouple 
data (see Figure 6). [Figure08.eps] 
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FIGURE 9. Improved DDV-concept + measurement locations. [Figure09.wmf] 
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FIGURE 10. Comparison of simulation and measurement results (see Figure 9). 
[Figure10.eps] 
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FIGURE 11. Temperature course as function of the time for the original (DDV) 
and the improved (DDV+) concept (see Figure 9). [Figure11.eps] 
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