CURVE-FIT for Equipment performance 

Equipment operating characteristics are specified in two parts. First, the design ARI [ARI = Air-Conditioning and Refrigeration Institute standards for the design, fabrication, and installation of heating, ventilating, and air conditioning equipment] capacity and consumption are given. Second, the off-design to design functional relationship is specified. For example, the hourly available cooling capacity from a unit is:

CAPT         = available total cooling capacity 
                  = CAPARI * CAP(WBT,DBT)
where CAP(WBT,DBT) is the modifier function to account for off-design WBT and DBT. In keyword form, the equation is expressed as

CAPT                = COOLING-CAPACITY * COOL-CAP-FT(WBT,DBT),
where WBT and DBT are the wet- and drybulb temperatures of air entering the coil for water coils and entering air wetbulb and outdoor drybulb for direct expansion (DX) units.

For cooling capacity, it is necessary also to know the sensible part of the total capacity. This is, in a similar manner,

SCAPT             = SCAPARI * SCAP(WBT,DBT)
or in keyword form,

SCAPT             = COOL-SH-CAP * COOL-SH-FT(WBT,DBT).
For all types, SCAPT is not allowed to exceed CAPT , and for DX units, SCAPT is also corrected for entering drybulb temperatures other than at the ARI rating point (the ARI rating point is: wetbulb entering = 67F, drybulb entering = 80F, and drybulb outdoor = 95F).

To calculate the energy input to produce the available output, a similar rated value and modifier function is used.

EIRT                = ratio of electric input to cooling output
EIRT                = EIRARI  * EIR(WBT,DBT) * EIR(PLR),
or in keyword form,

EIRT                = COOLING-EIR * COOL-EIR-FT(WBT,DBT) * COOL-EIR-FPLR(PLR).
The PLR is the ratio of actual load output to full load output at the operating point. Thus, the electrical input to the unit is

QE             = CAPT  * EIRT
or

QE             = CAPARI * CAP(WBT,DBT) * EIRARI  * EIR(WBT,DBT) * EIR(PLR)
Similar relationships are used for heat pumps where the ARI point is changed (outdoor drybulb = 47F and entering drybulb = 70F). For hot water and electric coils, the capacity is assumed to be independent of operating conditions. For gas and oil furnaces, the input is simply a function of the part-load output and the capacity is assumed to be constant. 

Chilled Water Coils

These equations apply to all systems utilizing chilled-water coils (SZRH, DDS, MZS, TPIU, FPIU, TPFC, FPFC,CBVAV, VAVS, RHFS,     HVSYS)

CAPT         = COOLING-CAPACITY * COOL-CAP-FT(EWB,EDB)
SCAPT        = COOL-SH-CAP * COOL-SH-FT(EWB,EDB) or CAPT , whichever is smaller,
CBF           = COIL-BF * COIL-BF-FT(EWB,EDB) * COIL-BF-FFLOW(FLOWPLR).
DX systems

These equations apply to all systems utilizing DX coils (HP, RESYS, PSZ, PMZS, PVAVS, PTAC)

CAPT         = COOLING-CAPACITY * COOL-CAP-FT(EWB,ODB),
SCAPT        = COOL-SH-CAP * COOL-SH-FT(EWB,ODB) + [1.08 * (SUPPLY-FLOW) 
                              * (1 - COIL-BF)* (EDB - 80)] or CAPT , whichever is smaller,
CBF           = COIL-BF * COIL-BF-FT(EWB,ODB) * COIL-BF-FFLOW(FLOWPLR),
EIRT          = COOLING-EIR * COOL-EIR-FT(EWB,ODB) * COOL-EIR-FPLR(PLR),
QE             = CAPT  * EIRT  .
Electric Heating

(HEAT-SOURCE = ELECTRIC)

CAPT         = HEATING-CAPACITY
QE             = Heating load
Electric heat pump

(HEAT-SOURCE = HEAT-PUMP)

CAPT         = HEATING-CAPACITY * HEAT-CAP-FT(ODB,EDB)
EIRT          = HEATING-EIR * HEAT-EIR-FT(ODB,EDB) * HEAT-EIR-FPLR(PLR)
QE             = CAPT  = EIRT
Gas or oil furnace

(HEAT-SOURCE = GAS-FURNACE or OIL-FURNACE)

CAPT         = HEATING-CAPACITY
HIRT         = FURNACE-HIR * FURNACE-HIR-FPLR(PLR)
QE             = CAPT  * HIRT
INDEPENDENT-2

Used for all curves having two independent variables. A list of up to twenty values of the second independent variable. The number of values should be the same as for DEPENDENT.

Example 1: defining a curve by inputting a set of data points.

A packaged system (PZS) has cooling performance significantly different from that used in the default  model. The manufacturer lists the data shown in Table 46, for cooling capacity, at 2000 cfm design air flow rate, as a function of outside dry-bulb temperature and entering wet-bulb temperature.

Table 46  Cooling capacity (kBtu/hr) vs. temperature

	Outside
Dry-bulb
	Entering Wet-bulb

	
	72F
	67F
	62F

	85F
	69
	65
	60

	95F
	68
	63 (ARI)
	57

	105F
	65
	60
	53

	115F
	62
	55
	49


 

In this example the independent variables are the entering wet-bulb temperature and the outside dry-bulb temperature. Because there are two independent variables and they have units of temperature, we input a curve of TYPE BI-QUADRATIC-T using the given data points. The dependent variable is not the cooling capacity listed in the table but rather the cooling capacity divided by the cooling capacity at the ARI rating point (95 F outside dry-bulb and 67 F entering wet-bulb). In other words, the capacities should be normalized to the ARI rating point., as shown in Table 47
Table 47  Normalized capacity vs. temperature

	Outside
Dry-bulb
	Entering Wet-bulb

	
	72F
	67F
	62F

	85F
	1.095
	1.032
	0.952

	95F
	1.079
	1.0 (ARI)
	0.905

	105F
	1.032
	0.952
	0.841

	115F
	0.984
	0.873
	0.778


 

The CURVE-FIT input will look like the following:

CAP-CURVE-1 = CURVE-FIT
TYPE               = BI-QUADRATIC-T
INPUT-TYPE         = DATA
DEPENDENT          = (1.000,1.079,0.905,1.032,0.952,0.841,
                      0.984,0.873,0.778,1.095,1.032,0.952) ..
IN-TEMP1           = (   67,   72,   62,   72,   67,   62,
                         72,   67,   62,   72,   67,   62) ..
IN-TEMP2           = (   95,   95,   95,  105,  105,  105,
                        115,  115,  115,   85    85,   85) ..

Example 2: Defining a curve by inputting coefficients

We want a furnace to have a constant efficiency as a function of part load. To do this we must replace the default FURNACE-HIR-FPLR with a curve that will give a constant efficiency. The curve TYPE is QUADRATIC in the part load ratio (PLR). PLR correction curves are always multiplied by the unit capacity, not the load, to obtain the energy (fuel or electricity) use. Thus the curve we want is: 0.0 + 1.0*PLR + 0.0*PLR*PLR. The input will look like:

New-Furnace-HIR-fPLR = CURVE-FIT
TYPE               = QUADRATIC
INPUT-TYPE         = COEFFICIENTS
COEFFICIENTS       = (0.0,1.0,0.0) ..

Then in the SYSTEM command we include:

   FURNACE-HIR-FPLR = New-Furnace-HIR-fPLR

