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Cold air distribution systems supply air at 40 – 45°F instead of the conventional 55°F to cut down air flow 
rate, air handling unit size and duct dimensions. Similarly using high-rise chilled water coils, water flow 
rate, pump capacity and pipe sizes can be cut down. Thus saving operating costs. Why not use more such 
systems in new HVAC designs for commercial and office buildings?

In a conventional air conditioning system (CAC), the supply air temperature is about 55°F(13°C) for 
comfort air conditioning. This gives a temperature differential of 20°F (11°C) between room 75°F (24°C) 
and supply air. In a cold air system (CAS), the supply air temperature will be at about 45°F (7°C) for a 
room temperature of 78°F(25.6°C) which, as will be seen later, is acceptable in CAS– yielding a 
temperature differential of 33 – 38°F (0.5 – 3°C). Accordingly, in a CAS, the dehumidified air flow rate 
will be only about 50-60% of the value in CAC for the numbers cited above. Although there is a great 
deal more to CAS, this is its trademark.

Description

Figure 1 shows the summer schematic for the CAS. The inside design conditions are 78°F db and 35% 
rh. The return air is divided into two streams — the first is the quantum of air that is equal to the outside 
air-flow rate and which is exhausted through a heat wheel. The second — the remainder of the return air 
is drawn back directly by the AHU.

The incoming outside air is cooled and dehumidified by the first stream of the return air, which as noted 
earlier, is exhausted through the heat wheel. The AHU therefore handles a mixture of outside air, that 
emerges from the heat wheel — duly cooled and dehumidified — and the second stream of return air that 
arrives directly from the room. It is this mixture that passes through the cooling coil of the AHU. Figure 2 
shows the cooling process on a psychrometric chart.

Brine is supplied to the cooling coil at 35°F (in lieu of 44 to 45°F used in a CAC). Thus, the air that leaves 
the coil, can be at 40 – 45°F.

Low Room RH Enables Use of High DB
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The selected room relative humidity is 35%. This low rh — even at 78°F db, as can be seen from the 
ASHRAE Comfort Chart (Figure 3) is close to the comfort level obtained at 74°F db and 55% rh. In other 
words full advantage is taken of the lower relative humidity that is readily achieved in the CAS, to elevate 
the room db to 78°F. This, in turn, increases the temperature differential between supply air and room 
correspondingly — that is to say, by about 4°F. The resulting benefit will be a further reduction in the 
dehumidified air flow rate.

CAS Compared to CAC

It is best however to study the CAS in relation to the conventional systems, using a worked example.

Consider the air conditioning requirements of an office area of 22,500 ft2. Other relevant design data is 
shown below:

1.  The inside design conditions will be  
a. 74°F db and 55% rh for CAC  
b. 78°F db and 35 – 40% rh for CAS 

2.  All other particulars are identical for both CAC and CAS and are listed below:  
1. Area 22500 ft2  
2. Outside design conditions :  
Summer : db – 95 deg F  
                   wb – 83 deg F  
Monsoon : db – 85 deg F  
                   wb – 82 deg F 

3.  Occupancy : 450 persons 
4.  Outside : Air 15cfm per person 
5.  Lights : 2 W/sft. 
6.  Appliances : 10kW 

[top]

Calculations

Based on this data, three cases have been worked out and analyzed in this article: 

a.  CAC – 1 : Conventional air conditioning. 
b.  CAC – 2 : Conventional air conditioning with heat wheel. 
c.  CAS : Cold air system. 

For CAC – 1, the air conditioning load estimates, including transmission and solar, have been made using 
standard procedures – essentially, the ADP method exemplified in the Carrier System Design Manual.
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For CAC – 2 and CAS, the modified procedure is outlined below : 

1.  Enter with supply air temperature of 45°F. 
2.  Calculate SA flow rate as 

 
3.  Calculate exhaust air and return airflow rates. 
4.  Find heat wheel leaving conditions. 
5.  Use mixture equations to arrive at entering conditions for the AHU brine cooling coil. 
6.  Find ADP using the known parameters i.e. room db, supply air db and coil bypass factor. 
7.  Find Ws-ADP (gr/lb) 
8.  Calculate Ws of air leaving the coil (gr/lb) 
9.  Calculate latent heat load due to OA using the following formula:  

OA cfm × 0.68 × 0.05 ×  
{Enthalpy of air leaving heat wheel – Room Enthalpy} 

10.  Add latent heat gain due to people to step 9 and arrive at RLH. 
11.  Calculate “Ws-sa reqd” to meet the RLH calculated in Step 10. 
12.  Calculate “∆Ws-sa reqd” from Step 10. 
13.  Check with “Ws-sa avail” (as calculated in Step 8). 
14.  If the discrepancy between “Ws-sa reqd” and “Wssa avail” is not acceptable, enter the calculation 

with a value of supply air, other than 45°F and repeat procedure. 

Calculations have been made for the intermediate season also in addition to Summer and Monsoon 
Seasons. The following months constitute the 3 seasons : 
Summer : March, April & May  
Monsoon : June, July, August, September and October  
Intermediate Season : November, December, January and February

The inside design conditions used for the intermediate season i.e., 91°F-db and 70°F-wb have been 
arrived at on the basis of IMD Data (Climatological Tables of Observatories in India, 1951 - 1980 Fifth 
Edition 1999).

Results

The highlights of the results of the study are shown in Tables 1, 2, 3 and 4.

Table – 1 : Study of TR & CFM Requirements of CAC-1, CAC2 & CAS
Sl. No. Description CAC -1 CAC-2 CAS

Sum. Mon. Int. Sum. Mon. Int.* Sum. Mon. Int. 
1 TR 118 88 82 89 63 84 77 55  66
2 ADP 55 54 55.5 55 54 54    
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6.  Ice Storage System Assures Data Center Cooling – by Annette M. Siverling & Karl. J. Kressler – 
HPAC, April 1995. 
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