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Abstract: The air diffusion performance index (ADPI) concept and its implementation 
in the diffuser selection guideline (ASHRAE Handbook-Fundamentals, 2009) provide 
designers a simple method to design overhead-air-distribution systems. However, the 
current guideline considers only five diffuser types and the range of sensible cooling 
loads used to develop the guideline (65 W/m2–250 W/m2) is high for current buildings. 
Applying this outdated guideline may cause draft discomfort and/or unnecessary 
fan-energy waste. This paper presents new experimental results to update the 
ADPI-based guideline to include 15 diffuser types at low cooling loads of 25 W/m2 and 
50 W/m2. Compared to the high loads in the current guideline, the ADPI values 
generated in this work are greater due to the lower loads used. Most ceiling-mounted 
diffusers produce higher ADPI at a large range of airflow than do sidewall and other 
diffuser types. ADPI for ceiling diffusers has the least variation with changes in loads or 
airflow rates. The results show that the minimum airflow set-point for a variable air 
volume system varies with diffuser type. For ceiling diffusers other than round and 
perforated diffusers, the minimum set-point can be reduced to lower than 30% of the 
peak flow rate without significantly reducing ADPI. 
 
Keywords: ADPI, Diffuser, Indoor air distribution, Minimum airflow, set-point, 
Variable air volume (VAV) 
 

1. Introduction 
 
Traditional overhead air distribution systems are designed to create sufficient air 
mixing and to avoid discomfort due to draft in the occupied zone. One essential 
procedure in heating, ventilating and air-conditioning (HVAC) design involves selecting 
and positioning terminal diffusers based on an associated air diffusion performance 
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index (ADPI) specified in the ASHRAE handbooks and standards [1][2][3][4]. ADPI, 
reported as a number between zero and one, is meant to be the percentage of a space 
meeting the criteria of local effective draft temperature and air speed, which is defined 
differently for cooling and heating modes [1] [5]. ADPI reflects room air uniformity and 
includes some modifications for draft [6] [7] [8] [9]. The index also predicts indoor air 
distribution created by HVAC diffusers at a certain airflow rate and room thermal load. 
As indoor air distribution in a room depends on many factors, including diffuser 
geometry and installation configuration, airflow rate, room load, and room size [10] 
[11], the ADPI method provides a simple tool to evaluate the complex process a 
designer undertakes to ensure air distribution in a space, which includes positioning 
diffusers, selecting diffuser types, and assessing air temperature and speed 
distributions. 

The objective of the present study is to update and expand the ADPI guideline with 
more diffuser types and under lower cooling load conditions. This paper also shows 
how ADPI varies with airflow rate, which helps for predicting the performance of 
diffusers when implemented in VAV systems. 
 

2. Experimental 
 
Miller and Nash [12] have shown that the ratio of the isothermal throw length (T) of a 
diffuser jet to the characteristic length (L) for a given room is a critical factor in 
determining ADPI in cooling mode. The ASHRAE handbooks [2] [3] thus list ranges of 
T/Lratios within which ADPI is greater than or equal to 80% for different diffuser types. 
We used the same method in this study. For instance, the curve fitting in Fig. 1(a) 
shows that the acceptable T/L range (ADPI > 80%) is 1.7–2.2 for adjustable blade 
grilles. The range can be determined directly from measurements when the tested 
airflow rate per diffuser is between 230 m3/h and 770 m3/hr, because both the 
maximum and minimum airflow rates produce ADPI smaller than or approximately 
equal to 80%. However, ADPI for some other diffuser types, such as the linear slot 
diffuser in Fig. 1(b), remains greater than 80% for the whole test range of flow rates 
and T/L ratios. For this condition, we only report T/L ranges calculated from tested 
airflow rates rather than extrapolating to T/Lvalues yielding ADPI smaller than 80%. 
The extrapolation in Fig. 1(b) shows that ADPI less than 80% occurs at T/L less than 
approximately 0.3 or greater than 4.8, corresponding to room air change ratesof 0.9 
h−1 or 19 h−1, respectively. Since the small air change rate requires an unrealistically 
low supply temperature and the high flow rate causes unacceptable pressure 
resistance and noise, we limited total tested flow rates in the room to between 230 
m3/h and 770 m3/h for all diffusers. 
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Fig. 1. Method to determine T/L ranges for ADPI greater than 80%. (a) Adjustable 
blade grills (horizontal blades) with ADPI greater than 80% at T/L of 1.7–2.2; The T/L 
range was determined based on 80% ADPI; (b) Linear slot diffusers with ADPI greater 
than 80% at all tested airflow rates; The T/L range was calculated based on total room 
airflow rate of 230 m3/h and 770 m3/h. The experiment used one adjustable blade 

grille for case (a) and two identical linear slot diffusers for case (b) in the tests. ADPI 
data was extracted from a previous study at a cooling load of 50 W/m2[10]. T is the 

throw length with a terminal speed of 0.25 m/s; L is room characteristic length. 
 
A test chamber (Fig. 2a) with a dedicated HVAC system and state-of-the-art controls 

[13] was modified to house various types and sizes of diffusers. Below a suspended 
ceiling, the conditioned zone measured 5.2 m × 4.5 m × 2.4 m. Overhead air 
distribution was created by supplying air from one of four installation configurations: (1) 
ceiling center, (2) ceiling periphery, (3) high sidewall and (4) window sill. Fig. 2a 
illustrates the experimental setup for the four configurations. For the ceiling center 
configuration, we used two identical diffusers evenly spaced along the centerline of the 
long dimension of the room. For the other three configurations, we used only one 
diffuser in the center of the horizontal dimension of the shortest wall. The supply 
airflow rate in total ranged from 230 to 770 m3/h. The range was selected by 
considering the minimum supply air temperature, ventilation requirement, and diffuser 
operating conditions such as noise criteria. The calculated air exchange rate (ACH) was 
between approximately 4 and 14 h−1, which covers typical air change rates in offices 
and classrooms with mechanical HVAC systems [14][15][16]. The maximum 
temperature difference between supply and room air was 7 °C and 14 °C for cooling 
loads of 25 W/m2 and 50 W/m2, respectively. 
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Fig. 2. Experimental setup for all four configurations. (a) Schematic of the experimental 
setups; (b) Measurement locations for air speed and temperature (15 positions for 

each horizontal plane: 0.1 m, 0.6 m, 1.1 m and 1.7 m above the floor). 
 

Distribution of these internal heat sources mimicked a typical office environment (Fig. 
2a). In addition, the chamber floor was fully covered with an electric sheet-heater to 
model solar gains due to solar radiation absorbed by the floor. We applied hot-sphere 
omni-directional-anemometers to measure spatial air temperature and speed at four 
horizontal planes (0.1 m, 0.6 m, 1.1 m, and 1.7 m from the floor) with 15 evenly 
distributed locations in each plane (Fig. 2b).  
 

3. Results and Discussion 
 
Fig. 3 displays all ADPI data at various T/L ratios. Curve-fitting of measured data shows 
that ADPI depends primarily on T/L and secondarily on room load, especially for 
diffusers installed at the high sidewall configuration (Fig. 2). The general R2 for 
regressions is 0.44 (0.27, 0.71) representing median (first, third quartile). Overall, 
ADPI decreases with increase in room cooling loads for almost all tested diffusers. 
However, ADPI varies the least for diffusers installed at the ceiling center plane, such 
as square ceiling diffusers, louvered face diffusers, plaque face diffusers, linear slot 
diffusers and swirl diffusers. The room load and flow rate have an insignificant effect on 
ADPI for the diffusers at the ceiling center, except for round ceiling diffusers and 
perforated diffusers. The findings suggest that those types of diffusers perform best for 
VAV systems. A high ADPI for those diffusers can be maintained even at a low airflow 
rate or high cooling load. 
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Fig. 3. ADPI for various diffuser types at low cooling loads. T is the throw length with 

a terminal speed of 0.25 m/s; L is room characteristic length. 
 
To facilitate comparison among various diffuser types, we summarize T/L ranges for 

ADPI greater than or equal to 80% in Fig. 4. For some diffuser types, it is worth noting 
again that T/L ranges are limited to total room flow rates from 230 to 770 m3/h (air 
exchange rate from 4 to 14 h−1) rather than the cutoff of ADPI equal to 80%. The 
reported T/L ranges for ADPI > 80% might be extrapolated based on the regressed 
curves in Fig. 3.  
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Fig. 4. T/L ranges for ADPI greater than 80% in cooling mode. (a) Cooling load of 25 
W/m2; (b) Cooling load of 50 W/m2. T is the throw length with a terminal speed of 0.25 
m/s; L is room characteristic length. The limits of a T/L range for a given diffuser type 
are based on ADPI equal to 80% or the room airflow rates between 230 m3/h and 770 

m3/h. 
 
Fig. 4 simplifies the acceptable T/L ranges for all 15 diffuser types. The figure 

provides a simple tool for HVAC engineers or designers to select proper diffusers. For 
the two cooling loads, the linear slot diffuser has the largest T/L ranges for ADPI 
greater than 80%, which would be suitable for the application of VAV systems. 

The results above have been used to update the ASHRAE ADPI guideline based on 
experiments in a chamber with fixed geometry. For each diffuser test, we installed one 
or two diffusers, as shown in Fig. 2a (two diffusers mounted at the ceiling center plane 
or just one at the high sidewall), in a room with a fixed height. However, questions 
might arise as to how this new design guideline can be applied to rooms with different 
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heights or with different diffuser numbers and layouts. We discuss these concerns in 
the following section. 

Fig. 5 shows the comparisons of calculated ADPI using two different sets of sampling 
locations for adjustable blade grilles and nozzles at the cooling load of 50 W/m2. ADPI 
was increased by less than 5% when a lower sample location was employed for both 
diffuser types. This finding indicates that a ceiling height of 2.4 m is sufficient for 
diffuser jets for mixing with surrounding air. It also implies that the ADPI results in this 
study can be applied for typical heights (e.g., 2.7 m) of indoor spaces. 

 

 
 
Fig. 5. The variation of ADPI using two sets of sampling locations for 50 W/m2. (a) 

Adjustable blade grilles; (b) Nozzles. T is the throw length with a terminal speed of 0.25 
m/s; L is room characteristic length. 

 
4. Conclusion 

 
We updated and expanded, for the first time since the 1970s, the ASHRAE ADPI 
guideline for overhead air distribution systems. The new guideline considers 15 types 
of diffusers operating at lower cooling loads of 25 W/m2 and 50 W/m2, which covers 
the most used types and operating conditions in today’s buildings. 

The new ADPI guideline will help in designing for proper indoor air distribution 
through terminal diffusers. The guideline can also guide the determination of minimum 
set-points for VAV systems. 
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