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Thermal effectiveness of a
vapor compression cycle
The second law of thermodynamicsstates
essentiallythat heatcannotbe madeto flow
from a region of low temperatureto one of
higher temperaturewithout the input of en
ergy from an external source.This sets the
ground rules: A building enclosedin higher
temperaturesurroundingscannotbe cooled
without consumingenergy.The corollary to
the Carnotprinciple takesus a stepcloserto
quantifying the dictatesof the secondlaw by
stating that no refrigerationmachineoper
ating betweena constanttemperaturesource
T0 anda constanttemperaturerejectionsink
T can have a coefficient of performance
CP high than a reversible cycle. A simple
thermalanalysisof the Carnotcycle a revers
ible cycle further revealsthat the CP of the
Carnot cycle is:

CP=
T- T0

Thisis the Carnotor idealCP.All toooften,
the tendency is to blame Carnot for our
secondlaw energyconversionlossesor non
productiveburdens.Considera simpleanal
ysis of how well wearedoingcomparedto the
ideal energy requirement.An examplewill
start with 1 ton 12,000Btuh of cooling and
proceed through an analysis of the useful
product and nonusefulprocessenergy
flows through a simple refrigerationsystem
from the cooling coil input to the ambient
surroundings.Fortheanalysis,conditionsare
setat 75 F DB and50 percentRH indoorsand
a 95 F ambient sink. The Carnot energy
requiredto accomplishheatpumpingfrom 75
to 90 F is 449 Btu; the Carnotenergyrequired
to dehumidify, reducingthe low-temperature
sinkto 55 F dew point, is 483 Btu.

Thesumof thesetwo ideal energyinputs is
the theoreticalor Carnot energyrequiredto
produce 1 ton of cooling; i.e., 0.273 kW.
Anotherinterestingobservationis that theo
retically, dehumidificationalonerequires.7.5
percentmoreenergythanthesensiblecooling.

Continuingthroughtheanalysis,theenergy
lossesor burdensare:

* Cooling coil heat transferburden-The
increasein Carnotenergyrequiredto provide
for a 10 F temperaturedifferential between
conditionedair dew point and 45 F entering
water temperatureis 256 Btu.

* Chiller heat transfer burden-The in
creasein Carnot energy required to provide
for a 5 F temperaturedifferential betweenthe
leaving45 F chilled water and the evapo
rating refrigerantat 40 F is 132 Btu.

* Condenserheat transfer burden-Cur
rent productcatalogliteraturewas scannedto
find a "typical" condensingtemperaturefor a
95 F ambient, air-cooled chiller-condenser
combination. This was found to be 121 F
condensingtemperature.Thus,theheattrans
fer burden, imposed is representedby the
temperaturedifferential 26 F 121-95 F.
Incorporatingthis in the CarnotCP produces
a condenserheattransferburdenof 624 Btu.

* Fluid and thermodynamiccycle bur
den-The ideal vapor compressioncycle
closely approximatesthe Carnot cycle; the
deviationsbeingthe superheatresultingfrom
isentropic compressiondiverging from the
vapor dome and the constantenthalpyex
pansion in lieu of an isentropicexpansion.
Whenthesedeviationsare consideredwith a
given refrigerant,theburdenof thatparticular
fluid canbe determined.Forthis analysis,the
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most common air conditioning fluids, Rl2
and R22, were considered.The Rl2 burden
wasfoundto be596 BtuandR22was637 Btu.

* Mechanicaland electrical burdens-At
this point in the analysis,Carnot necessarily
yielded to availablehardware.Again, aprod
uct catalogscanand selectionof oneof the
lower kW perton chiller-condensercombina
tions revealedthat the burden imposedby
mechanicaland electrical cycle motivation
was 1486 Btu.

* Condensermotivationenergy-Inaddi
tion to the Carnot heat transfer burden,
energyis required to move the cooling fluid
throughthe condenserheatexchanger.Prod
uct catalogswere againconsultedfor a "typ
ical" but conservativevalue, and the con
denserfan resultedin a burdenof 471 Btu.

* Fluiddistribution burden-Sinceawater
chiller wasselectedfor theanalysis,the fluid-
motivation energy should be considered.
Basedon a50-ft pumpinghead,it is calculated
to be 122 Btu.

Table60-1 shows Btu perton-hrvaluesfor
each energy use and burden, and the per
centageof input representedby each. Sum
ming all the energy componentsrevealsan
input of 4660 Btu per ton-hr or 1.36kW per
ton. If the CarnotCP energy requirementis
considered as the ideal, and the thermal
effectivenessis defined as the ideal energy
requirementdivided by theactual, thesystem
is foundto be20 percenteffective. Figure60-1
illustratesthesamedatain a classicalfirst law
thermal flow diagram.

Thepurposeof this brief excursioninto the

Table60-1. Thermal requirements per ton-hour.

Btu %

Carnot sensible cooling
Carnot latent cooling
Cooling coil heat transfer
Chiller heat transfer
Condenser heat transfer
Fluid and thermodynamics
Mechanical and electrical
Condenser heat rejection
Cooling fluid distribution

449
483
256
132
624
637

1486
471
122

9.64
10.34
5.50
2.83

13.38
13.67
31.88
10.11
2.65

Total energy input 4660 100.00

thermaleffectivenessof arefrigerationcycleis
to illustrate the theoreticalpotential for en
ergy consumptionreductionin a major sub
systemof the building environmentalsystem.
If, for instance,theenergyeffectivenessin heat
transfertechnologyand applicationcouldbe
doubled, this would decreasethe consumed
energyin refrigerationsystemswell in excess
of 10 percent.Otherareasof concentration
indicated are in mechanicaland electrical
technologyand thermalfluids.

Thisanalysishasconsideredonlythedesign
capacity energy use and burdens. As the
building systemoperatesat reducedloads,the
seasonalenergyeffectivenessis seento gener
ally reduceradically.

Thus,thequestionmight beasked,would it
be more cost and energy effective if we de
voted some of the vast sums of money now
being spent on such projectsas solar energy
conversionto moremundaneefforts, suchas

- heattransfer,fluids, mechanicalconcepts,and
electricalconvertors?

Cool

Input 100 percent

Condenser
10 11

Cooling coil heal transfer: 550

Latent cooling 10 35-

Sensible cooling 9 64

Ideal ICarnol eI1rgy used

_____________

20 percunit

FIg. 60-1. Thermal balanceflow diagram.


