HVAC Design From Clean Sheet to Blueprint – A Mechanical Designer’s Guide to Design of Small Commercial and Institutional HVAC Systems
Chapter 10 (Partial)
Air Distribution

Principles of Air Distribution

The user of this manual will understand that air is the heat transfer fluid that adds or removes heat to or from a building zone.  In cooling mode, the air supplied by the air conditioner removes the sensible and latent heat being added to the zone as described in Chapter 5.  In Chapter 9, it was noted that zone air flow is determined by the magnitude of the sensible and latent loads, by the ratio of sensible to total load, and by the performance characteristics of the air conditioning system.  The distribution of air conditioning supply air to the rooms in a zone is based on the distribution of sensible heat load between the rooms. The sensible loads were determined in Chapter 6, and the zone air flow was established in Chapter 9. This chapter discusses using that information to set the required air conditioning supply air flow to each room or space in a zone at the selected design conditions.

Air Distribution Example

The principles of air distribution can best be determined by example. Figure 10-1 is a hypothetical small single zone office building in the Southeast.  The design day and building load characteristics are shown below:

Design Conditions:

  outdoor air dry bulb temperature, (F


95

  outdoor air wet bulb temperature, (F


78

  indoor air dry bulb temperature, (F


76

  indoor air wet bulb temperature, (F


65

  minimum ventilation (outdoor) air flow
          
         150

  latitude, degrees north



 
32

  design day of year




    July 21

  hour of the design day (apparent solar time)           
4:00 PM





Building Cooling Load Characteristics:

  exposure




north

east

south
         west

  wall U value, Btu/hr/ft2/(F


  .05

 .05

  .05

.05

  wall color




  med

 med

  med
         med

  net wall area, ft2



    475

 405

  640            800

  window U value, Btu/hr/ft2/(F

   .62

 .62

  .62

.62

  window solar heat  gain coefficient
  .72

.72

  .72

.72   

  window area, ft2



   35

 79

  45

   0

1

Building Cooling Load Characteristics (continued):

  roof/ceiling U value Btu/hr/ft2/(F 

   .03

 .03

  .03

.03

  roof area, ft2




  --------------------------1286 -------------------------

  door conductance Btu/hr/ft2/(F

  .45

 .45

  .45
            45

  door area (north only) , ft2

   20

    0

     0

   0
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FIGURE 10-1 - SMALL OFFICE
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The ceiling height in the building is 9’. The east window area includes the 7’x7’ all glass “storefront” that is the main entrance. The only opaque door is the 3’ x 6’-8” door in the break room wall. Note that the restroom is not included in the above tabulations. This is because restrooms normally do not require air flow from the air conditioning supply.  Most codes prohibit recirculating restroom air, so the only air flow is usually that induced under the door or through a door grille by an exhaust fan.  Large restrooms with exterior windows may require cooling air flow, in which case the supplied air flow must be substantially less than the exhaust air flow to preclude recirculation. 

Building Sensible Load Elements:

  space



offices
        
lobby
         conf
        vault  
      break

  design occupant load       
    4

   3

   0

   0

   4

  total lighting load, Watts
  768

  288

  288

   40
          192

  misc electrical, Watts
  576

  125

  215

  650
          895
The sensible portion of an infiltration air load should also be considered an internal load, but since it is assumed that the building is pressurized, infiltration load is assumed to be zero.  Note also that the restroom loads are again left out of the tabulation, because no cooling air will be supplied to the restroom other than that induced from the building by the restroom exhaust fan.

Note that the conference room occupancy is set as zero for the load calculation. This is because the conference room is occupied only for relatively short periods, always with at least some of the occupants already accounted for in the offices and lobby, and often with no other persons. To handle this variable load - there could at times be up to 8 persons in the conference room for up to four hours – a variable air flow diffuser has been selected for this space.  The test and balance technician is directed to set the conference air flow with the variable diffuser valve in the minimum position.  The diffuser selected has the capability to respond to sensible heat load and to open to increase air flow as needed.  While this air flow will be “robbed” from the rest of the building, this should not be a problem, since at least part of the conference room occupancy comes from other spaces in the building.

On the other hand, the break room occupancy is set at four, even though most of the time those four persons will be occupying other spaces in the building.  However, a significant portion of the sensible load in the break room is heat dissipated  from appliances and vending machines, and a variable air flow diffuser is not deemed to be necessary. The vault occupancy is set at zero because occupancy of that space is intermittent and infrequent. Most of the sensible load in the vault is, like the break room, heat dissipated from copiers and the server.

3

estimating the number of computer elements in each space using data in the ASHRAE Fundamentals Handbook. The wall/roof sensible cooling load Qwr is found by subtracting all of the assignable loads – windows(Qw), people(Qp), lights(Ql), and miscellaneous power(Qm)  - from the total room sensible cooling load for the zone. This is then apportioned to the various spaces by the ratio of each space area to the total floor area – again excluding restrooms and other areas not receiving cooling supply air. To express this mathematically: (The subscript “x” refers to the room station numbers in Table 10-1)



    Qwrx = Ax/ATOT * (QS – Qw– Qp - Ql – Qm)


(10-1)

In the formula above, QS is the building sensible load, not the ac unit sensible capacity.

With the tabulation of Table 10-1, it is possible for us now to apportion the cooling supply air flow to each to each of the rooms in the zone. The air flows tabulated below are shown on Figure 10-2.

Table 10-2

Small Office Air Flow Distribution

	room



	sta no
	Qsx - Btuh
	Qsx/Qstot
	Cx  -  cfm

	n office
	1
	2804
	.082
	130

	ne office
	2
	3670
	.108
	175

	s office
	3
	3115
	.092
	145

	se office
	4
	3981
	.117
	185

	lobby
	5
	7001
	.206
	330

	conf
	6
	4252
	.125
	200

	vault
	7
	3521
	.103
	165

	break
	8
	5687
	.167
	270


	total
	 
	34031
	1.000
	1600


Caveats

This air flow distribution is subject to several caveats. First, it is clearly only strictly applicable on the design day, at the design hour – in this case, July 21 at 4:00 PM apparent solar time. Since the largest glass area is on the east side of the building, it can be expected that the morning loads on the spaces with east facing glass will be greater during the morning hours than at the design hour. Also, cooling loads on the east and south sides can be expected to be proportionally lower during the majority of the time when outdoor temperature is less than at the design condition. This is why, if the building is large enough, or if a particular wall has an unusually large 
5

requirements for occupant comfort and acceptable indoor air quality.  The plans and notes must therefore include instructions to the contractor that will ensure the desired result.

First, the designer must specify that all supply air branch take-offs be equipped with a balance damper, to enable a test and balance technician to set the specified air flow to each supply diffuser.  Also, balance dampers must be shown where needed in exhaust ductwork and in outdoor air connections to air handlers.  Dampers should never be included in air terminals - supply diffusers, registers, return and exhaust grilles. Ideally, balance dampers will be located in the branch duct where it is connected to the main trunk. This requirement should be part of the notes to the contractor.

Test and Balance is an important part of any HVAC installation. The term refers to testing each system element for its characteristics – pressure, temperature, air velocity, and air flow – and then using system devices such as balance dampers and fan speed controls to  balance system air flows and velocities as specified on the drawings, shown on the schedules, and described in the notes.  Most contractors can set air flows and balance simple single zone constant volume systems. However, larger systems having outdoor air pre-treatment, reheat, heat pipes, and multiple zones must be tested and balanced by certified professional test and balance technicians.  Two organizations presently have test and balance certification programs, the Associated Air Balance Council (AABC) and the National Environmental Balancing Bureau (NEBB). The designer must require that all air flows be set either by the contractor or by a certified technician, and that a report be prepared and given to the owner before final payment.

Fan and blower air flows must also be set as part of the test and balance.  Belt driven fans and blowers can be set by adjusting the drive belt, and changing pulleys if necessary. Direct drive fans must be set by throttling the inlet or outlet, or by setting the speed with a manual speed controller. Throttling wastes energy and could cause instability, so the designer should specify manual speed controllers for all direct drive fans. These are simple devices for low and fractional horsepower single phase motors, but may be more costly for three phase motors.

Blowers for air handlers of five tons and under are usually three-speed. After selecting an air flow in Chapter 9, the designer should review the manufacturers blower data – airflow vs external static pressure – and select the lowest speed that will deliver the required air flow at the estimated external static pressure (Chapter 12). Alternatively, the designer may include a note directing the Test and Balance technician to set the air handler speed as low as possible.

Another option available to the designer of systems under 7.5 tons is the “variable speed” air handler. These air handlers can be set to deliver either a “nominal” air
7
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