HVAC Design From Clean Sheet to Blueprint – A Mechanical Designer’s Guide to Design of Small Commercial and Institutional HVAC Systems
Chapter 7 (Partial)
Psychrometric Considerations

Psychrometric Requirements

After the air conditioning cooling load has been determined, a clear picture of the psychrometric requirements of the equipment  emerges.  This chapter deals with determination of these requirements as a preliminary to actually selecting the equipment for the project.  This deals only with air conditioning, where moisture removal is an important part.  Heating is not considered because latent heat does not influence the selection of heating equipment.

Psychrometric Chart

The reader is assumed to be familiar with psychrometric processes and using the psychrometric chart.  Nevertheless, its use as a tool in the HVAC design process is important enough to warrant a brief refresher course and description of how it may be used to ensure a configuration properly adapted to the project conditions.

In this book, psychrometric state points will be identified as follows:


1 – room air

1A – maximum supply air temperature and dew point to satisfy room load


2 – outdoor air


3A – mixed air entering heat pipe or pre-cool coil, where applicable


3 – mixed air entering cooling coil


4 – air leaving cooling coil
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R R

ASHRAE PSYCHROMETRIC CHART NO.1

NORMAL TEMPERATURE

BAROMETRIC PRESSURE: 29.921 INCHES OF MERCURY

Copyright 1992

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING ENGINEERS, INC.

SEA LEVEL


4A – air leaving heat pipe or reheat coil, where applicable

Figure 7-1 – DX Cooling System Schematic 

Figure 7-1 is a schematic representation of a cooling system, showing the locations of 
1

the state points except for point 1A, which is a calculated, not a physical, point. A typical psychrometric chart with important parameters labeled is shown on Figure 7-2. The cooling cycle shown is for a five ton rooftop unit serving a small office zone.  Room  air at 76( and 57% relative humidity is mixed with outdoor air at 94( dry bulb and 78( wet bulb. The mixed air passes over a cooling coil, where it is cooled to 59.6( at 91% rh and then delivered to the room to carry away cooling load heat.  

The most important elements of the psychrometric cycle, from the standpoint of the engineer, are room and coil sensible heat ratio, room dew point, and apparatus dew point.  Sketching these on a psych chart, will quickly tell you whether a simple system will do the job, or whether additional components and capabilities will be needed.

Process Lines

 The lines on a psychrometric chart we will call “process” lines.  Referring to figure 7-2, line 1-1A is the “room process line”. Point 1A represents the maximum state of the supply air that will satisfy the room load.  Air leaving the cooling apparatus must be at the same or lower temperature and dew point than point 1A or the desired room temperature and relative humidity cannot be maintained under design conditions.  Line 3-4 is the coil process line. Supply air at the flow rate (cfm) of the cooling apparatus enters the coil at state point 3 and leaves the coil at state point 4, where it is introduced into the room, picks up the sensible and latent load, and then is 
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2
to handle both large quantities of outdoor air and high occupant density is to provide 
a unit with both hot gas bypass and reheat.  The key to these choices when selecting equipment is an understanding of the psychrometrics.

In Chapter 9, we will discuss how to select the proper cooling apparatus to most closely match the load. For the remainder of this chapter, we will show the psychrometric characteristics of the basic design point conditions, and how to use the psychrometric chart to select and tailor the appropriate special processes when necessary.

Plotting Points on the Psychrometric Chart

To do psychrometric analysis, it is necessary to use known data to calculate the unknown points. Referring to Figure 7-2, the known data are as follows:



odb  = tdb2  =
outdoor air dry bulb temperature, (F



owb = twb2  =
outdoor air wet bulb temperature, (F



rdb  = tdb1   = 
room air dry bulb temperature, (F



rwb = twb1   =
room air wet bulb temperature, (F



Qps
return air plenum sensible heat gain (if any)



Qrs
room sensible cooling load, Btu/hr



Qrt
room total cooling load, Btu/hr



Coa
outdoor air ventilation rate, cfm



Cc
estimated or actual coil air flow rate, cfm



Cr
room return (and plenum) air flow rate = Cc - Coa


Qscc
estimated or actual coil sensible cooling capacity, Btu/hr



Qtcc
estimated or actual coil total cooling capacity, Btu/hr

Knowing these parameters, we can find the other points on the chart. Note that it is easiest to find dry bulb and wet bulb temperatures on the chart, although it may be necessary to use enthalpy in the calculation procedure.  The cooling apparatus entering state is a mixture of room air and outdoor air, and lies on a line connecting the two states on the chart – see figure 7-2.  The mixed dry bulb temperature is a linear function of the two air flows, as follows:



tdb3 = (t1 * Cr+t2 * Coa)/(Cr+Coa)



 (7-3)



twb3 = f(tdb3 , Cr, Coa,)





(7-3a)

the value of twb3 is most easily found by reading it from the chart at the intersection of tdb3  and the line connecting points 1 and 2. To calculate the dry bulb and wet bulb temperatures for points 4 (and 1A) it is necessary to know the enthalpies of points 1 and 3. These can be looked up on the chart, or found using psychrometric software, as a function of dry and wet bulb temperatures.

5




h = f(tdb, twb)




(7-4)

and continuing to find points 1A and 4:




tdb1A  =  tdb1 – Qrs * Cc * 1.1



 (7-5)




h1A     =    h1  - Qrt * Cc * 4.5



 (7-6)




twb1A =  f(tdb4A , h4A )




 (7-7)




tdb4  =  tdb3 – Qscc * Cc * 1.1



 (7-8)




h4     =    h3  - Qtcc * Cc * 4.5



 (7-9)




twb4 =  f(tdb4 , h4 )





(7-10)

Ceiling  Return Air Plenums:

If heat is added to a return air plenum, then the mixed air state point is shifted at constant dew point as shown on figure 7-3 below. The equations then become:



tdb3 = ((t1+tp) * Cr+t2 * Coa)/(Cr+Coa)


 (7-3b)



tp = Qps/(Cr*1.1)





 (7-3c)

and twb3 is found by reading it from the chart at the intersection of tdb3 and the line connecting points 1P and 2. 
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Office System Psychrometric Chart

With Ceiling Return Air Plenum

                 

PLENUM HEAT GAIN                                4,000 Btuh

ROOM COOLING LOADS: TOTAL         38,400 Btuh

                                            SENSIBLE   32,300 Btuh
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Figure 7-3 is the same building a s represented by Figure 7-2 but with a return air 
plenum. For this zone, it is estimated that the plenum will receive half the roof 
6

commercial and institutional air handling equipment is required by code to run
continuously during occupied periods, thus actually inducing warm, moist outdoor air during the compressor off cycle.

The solution to this problem is shown on Figure 7-4.  The air leaving the cooling apparatus is heated until it intersects the room process line on or near point 1A. This is accomplished by “hot gas reheat” which is an option available on most light commercial packaged AC units and on built-up split DX systems.  The effect of reheat is to reduce the sensible heat ratio of a DX system to match the mixed air load and sensible heat ratio.

Another problem when SHR is low, and blowers must run continuously, is that SHR decreases further as cooling load decreases from peak load.  At the same time, as outdoor temperature falls, the air conditioner sensible heat capacity increases. Thus, an air conditioner that is satisfactory at peak load on a hot afternoon, may allow indoor humidity to rise unacceptably when outdoor temperatures are low .
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CHURCH SANCTUARY

PACKAGED AC WITH HOT GAS REHEAT

 

FIGURE 7-4 - LOW ROOM SHR

   

 

7000 CFM SUPPLY, 1700 CFM OA

ROOM 76 DB, 65 WB

COIL 80.6 EDB/ 56.5 LDB, 68.4 EWB/ 54.9 LWB

ROOM TOTAL COOLING LOAD178,100 BTUH

ROOM SENSIBLE COOLING LOAD 111,400 BTUH

ROOM SHR .62

AC UNIT TOTAL CAPACITY 299,100 BTUH

AC UNIT SENSIBLE CAPACITY 179,200 BTUH

AC UNIT SHC .60
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High room SHR, more than .8, is generally less of a problem than low SHR because the cooling system will run in response to zone dry bulb temperature, at the same time dehumidifying. As outdoor temperature falls, the system with a high peak SHR will stay within the capabilities of the ac unit.

Specialty spaces within a building may be deliberately designed for very high SHR – near 1.0 – both architecturally and mechanically. Large main-frame computer rooms

are a good example.  These require special air conditioning equipment, and are

8
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FIGURE 7-6 - Small Restaurant with 100% OA Unit

 

SMALL RESTAURANT

100% OA UNIT WITH STRIP HEAT

DRY BULB TEMPERATURE, DEGREES FAHRENHEIT

 

 

ROOM TOTAL COOLING LOAD 43,000 Btuh

ROOM SENSIBLE COOLING LOAD 26,200 Btuh

100% OUTDOOR AIR UNIT

TOTAL CAPACITY 106,800 Btuh

SENSIBLE CAPACITY 54,800 Btuh

UNIT SHR .51

1125 CFM SUPPLY, 1125 CFM OA

OUTDOOR AIR PLUS ROOM COOLING LOADS:

POINT 2 TO POINT 1A

TOTAL LOAD 100,800 Btuh

SENSIBLE LOAD 50,400 Btuh

REHEAT
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Heat Pipes

Reheat is generally available as a factory option in light commercial packaged units,  and is a simple, cost effective solution for conditions of high occupant density or even moderately high outdoor air percentage.  However, light commercial split systems under 25 tons generally are not available with hot gas reheat.  Other types of reheat are either prohibited by many codes as is the case with electric reheat, or present special maintenance, safety, and installation problems as is the case with natural gas re-heaters located in the supply duct downstream of the air handler.  A frequently viable and cost-effective solution may be a heat pipe.  A heat pipe is a coil that wraps around the cooling coil and transfers sensible heat from the entering stream to the coil leaving stream.  See Figure 7-1.  Because of the characteristics of unitary DX cooling systems, heat pipes can be extremely effective in reducing the sensible heat ratio of the mixed air process line.  Figure 7-7 shows a church vestibule having a high occupant density,  with a split system fitted with a three-row heat pipe.

The green process line shown on Figure 7-7 represents the unit cooling coil with no heat pipe.  The coil in this case has greatly excessive sensible heat capacity, and has a leaving dew point that is too high to satisfy the room design point. The heat pipe reduces the sensible heat capacity by pre-cooling the mixed air (point 3A to 3). The coil leaving conditions are then brought back to match the room required supply air conditions by reheat.  The heat pipe accomplishes this by transferring sensible heat from the warm coil entering air to the coil leaving air. There is no penalty for this, except for somewhat increased pressure drop through the cooling unit.  Heat pipe 
11

Rules
Based on the psychrometrics of the room and coil cooling loads, the engineer can apply the following rules to anticipate the type and complexity of the equipment that 
will be required.

1. The equipment selected must be able to maintain the conditioned space relative humidity below 70% at all times, and below 60% most of the time. This will be explained further in the chapter on Indoor Air Quality.

2. If outdoor air is less than 20% of supply air, and occupant density is less than about 7 persons per 1000 sf, then both room and coil sensible heat ratios will be in the range .65 to .8, which small commercial and residential dx systems can accommodate.

3. If outdoor air is more than 20% of supply air, then coil sensible heat ratio may be less than .65, even as the room ratio remains at .7 or more. In this case, pretreatment of the outdoor air, either by energy recovery or 100% outdoor air unit, may be required. 

4. If occupant density is more than about 10 persons per 1000 sf, then both room and coil sensible heat ratio may be less than .65, with coil sensible heat ratio being the lower of the two. In this case, pretreatment may be needed to handle the latent load of the outdoor air and in addition, reheat or other strategy may be needed to handle the latent load due to occupants.

END



13











































5 TON PACKAGED AC, SENSIBLE COOLING CAPACITY 42,000 Btuh, TOTAL COOLING CAPACITY 57,500 Btuh COIL COOLING LOADS: SENSIBLE 41,200 Btuh, TOTAL 54,200 Btuh

















5 TON PACKAGED AC, SENSIBLE COOLING CAPACITY 42,000 Btuh, TOTAL COOLING CAPACITY 57,500 Btuh COIL COOLING LOADS: SENSIBLE 41,200 Btuh, TOTAL 54,200 Btuh














.020





.018





.016





.014





.012





.010





.008





.006





.004





.002





.000








HUMIDITY RATIO, LBS MOISTURE PER LB DRY AIR

















.020





.018





.016





.014





.012





.010








.008





.006





.004





.002





.000





HUMIDITY RATIO, LBS MOISTURE PER LB DRY AIR














.018





.016





.014





.012





.010





.008





.006





.004





.002





.000








HUMIDITY RATIO, LBS MOISTURE PER LB DRY AIR














.018





.016





.014





.012





.010





.008





.006





.004





.002





.000











HUMIDITY RATIO, LBS MOISTURE PER LB DRY AIR












