May-06-04

01:07pm  From-Honeywsl | +6120517438 T-346 P.008/017 F-796

3. U, Bonne, A. Fatani, R, Jacobson and D, A. Mueller, "Electriec-Driven Heat
Pump Systems: Simulations and Controels II™, ASHRAE Trans. 861, 687 (1980) .
Since both Figs. 5 and & in this memo were computed for the heating mode, wea
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Fig. 6 to be 0.4% rather than 0.6 units as marked, in order to allow for the
generally larger capacity of the outdoor coil.
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APPENDIX
1. Cale 0 D [

To determine the input power change as a function of the changing capacity of
the indoor coil when used either as @ condenszor or as an evaporator, we
continued to use the curve in Fig. 3 representing the average dust load, i.e.
doubling the pressure drop in 7.38 vears, whieh is equivalent to reducing the
COP to 0.8 of its initial value during that period or to 0.7 in a period of 11

years,

From Fig. Y4, we determined that a COF degradation to 0.7 corresponds to a coil
capacity reduction te .44 of ite initial value. The Hs-curves of Figs. 5 and 6
providg input power values at 0.44 of the "normal gperating“ ¢oil capacity of
.25%10% cal/(hC) (heating) and a capacity of .4x10P cal/(hC} in the cooling
mode., Fig, & represents an analysis of outdoor coil capagity influence an heat
pump parameters: therefore g zmaller capacity of 0.4 x 100 was selected to
better represent thg indoor coil performance, The reductions then correspond
to values of .11.100 and _176.100 eal/(hC) coil capacity, respeatively. The
correspanding compressor power inputs normalized to "normal cperation” are,
from Figa. 5 and 6, again for heating and cooling: 2.488/2.19 - 1.1324 and
1.97/2.02 = ,876, respecitively. However, while the indoor fan power input is
reduced in both heating and cooling (it unloads as the mass flow is reduced),
this power opposes the trend of the compressor input power during the heating
mode. We therefore corrected the heating mode input power change (after 11
years) by determining the mean power demand change:

dpy = ((1,1324)8,787/2.6 + L35 + (,8786)0,351/(3,8274+,7) = 1.0046
COMPRESSOR ouTD, INDOOR INPUT
FAN FAN FAN POWER

where 2,6 = the instantaneous COP at the same outdoor temperature
(47F) as the heat pump capacity of 2.5 x 12,000/3414 =
8.787 kW and

-35 kW = the assumed input power for each of the indoor
and outdoor fans.

We cou;d thgn compare and tabulate the change in input power (under continuous
upegiglon) in the heating and cooling modes, Py and Pp, both without and with
an :

Pg
Py = 1 - (1-1,0946)FZ;, and Py,EAC = 1-(1=-1.0946)FRZ 1.023
Pe =1 = {1-,BT6IFZ1 and Pe,Eac = 1-(1-.876)FRZ 1.023

1 and Pp,gac = 1.023 Pp, under clean coil conditions

Columns 5 and 6 of Table 1 list the values of P /Py and P /P
respectively. H,EAC/TH c,Eac/Feg,

Note that these changes in peak power demand peecur under sutdoor temperature
conditions above the design coeling load and at the balanee point. Below tha
balance point the change in demand is inereagingly determined by the required
resistance heat, the consumption of which 1s dependent on the status of the
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distribution system: A elean coil will most likely get the heat to the proper
place to satisfy the fthermeostat soconer than an air stream slowed down by a

partially clogged coil.

2, Lalculation of Copling Dagree Davs

The cooling load, given as Zp = 900 compressor hours, was used to compute total
annual operating heurs, which determine the amount of ¢oil seiling. In arder
to add the cooling load cost to that of the heating load, we converted Zg to
degree days, Lg¢, and with the specified building load and average cacling COP,
into input kWh and cost:

Le = ZeHp ¢/ (Bg ¢ 24) = 1200 degree F days

where Hz ¢ = heat pump cooling capacity ~ (assumption!) Hs u7
ec/eg = 30,000 2.64/2.2 !

Bg,c = Bg ¥ correction factor for latent load

Ln

BQ(HE,sgnsible + HE,latent)/HE,sensible
Z Bg 1.65; 24 converts Zg from hours into days.,

This is consistent with a cooling design temperature of about 105F since

Le

Zg (105-78)Hp jo5/Hz /24
37.5(27)(Hp, 47 - 2059)/Hz 47 = 37.5(27)1.2 = 1215 Fd

L]



