- United States Patent

Inventor  William H. Wilkinson

111 3,559,724

{72] 3,214,100 10/1965 Aronsonetal. .............. 165/43
Cn!umbus, Ohio Primary Examiner—Charles Sukalo
(211 Appl. No. 777,731 Attorney—Fishman and Van Kirk
[22] Filed Nov. 21, 1968 Y
[45] Patented Feb. 2, 1971
[73] Assignec = American Gas Association, Inc.
| New York, N.Y. | |
a corporation of New York ABSTRACT: The heating and cooling of building structures is
- . | | accomplished by driving an air conditioning system compres-
[54] COMFORT CONDITIONING SYSTEM | sor with an internal combustion engine. In the heating mode,
24 Claims, 9 Drawing Figs. . engine waste heat and condensor rejected thermal energy are
- | | - used to supply heat to the structure and the total thermal ener-
[52] U-S- Cl- ....................................................... . 165121 gy rejected by the mndensor iS lncreased by feedback Of ener.
- 165/26: 62/183 gy from the condensor to the evaporator to create an artificial
[Sl] ll}t- O T O ST F25b 13/00 leing load. Heating iS, according]y!r accomplished without
[50] Fieldof Search...............oouoneeeeue 165/22, 23, reversal of the refrigerant system. In a(;](ji'[i()nur the present in-
- _ 26.2,42—44;62/183 vention is self-sustaining as long as fuel is supplied to the en-
(56] References Cited ine by.v:rtue of mclus:op_ of_‘_ a generatqr which 1s driven b_y
. e engine; means for adjusting the engine shaft power split
UNITED STATES PATENTS between the generator and compressor in response to
3,180,109  4/1965 Kimmel........................ 62/183 evaporator conditions being included. |
e L AV R W 77 i A
- e '
| fraec ‘r —— e T I / S T P PV B M. §
' - | _ féé’_ N __1’75 ./ l"'—)/
T ————— S— PG —
& &GO 70 sgme 78 Y.y 77 v,
KON T GAFS . et EVRLORL 7O —— /;;/g: f’% - T _
—JoleceE . . R 55 v 7 72
L VG AN /7
| S 7o /8
NGV E ' ——t @7 COMEESIOR === CONLDEN IR - |
| ' = CXBWIION
' CLANET R Y = A ——— VRIVE
P ﬂf;% é ’ QUL EREN TIAL . oL "\'Zé 5 7
MI7IL 7 | 2 |
| g |
L gz GF | |uaegbes| e Cer JTEVW@

L =L

/& @: [} ______fl@zefgﬂz
- £OME,

. T T Z e s
ﬁ”ﬁf




'. | P ATENTED FEB 2 187

3559 724

SHEET 1 OF 6

A Hemme—y || ¥ ﬁ

_ S vz |
I - \_\Q\%\a\m\\\_ﬁﬂ —

# Vo YA,

Q\W@\KN\\_\\\,N _ - : D . -_
7O ) I.lo I
20/ P72 | _ N\ o . |

= nw\\mv\wwh\wmhmm\ =

SNLENTOCS

WILLIANT A /L RTMTON
T TORNE NS

P A

e

oA 00 Q\\\N\\wﬂu\
N ONXISF7 | '.ﬁu 5557 27
.I_I___

. w%m\\s\% -

ﬁ'&m

sz = Sorrdwes -

_
|
— | \.\nw\m\\uw&\%\wﬂ\ I B
. I_W.l. _ - W\w\\w\a\uﬁl =y
|z T . 1 . / -

TGS A | SeLeReTeE | SR | ||| SR a0

= ._ -/ m\u\




ATENTEDFED 281

N

IO T T HTIT

ﬁ l | |

AR RRARHACIL AR

N

é?
INA
NN

N\

(L7777 77777771

]

e

RESSTUE/ZELD
=220
CoN? YN P 35

S

N\

§
)
f
$
f
§

N \ o

R

A T Ty

FZ

SHEET20F 6

i

L B R i S —

' 3,559 724

E\'g

gy

L

-
%

74

Za
T GENEA T
7z

T
=T COTR LSS
-




| PATENTEOFEB 28 3,559,724

e /C,‘—{X//ﬁ CST LDSS o seepss
Y o - ZOT HTER

- CECOUERABLE WUTE HE7T

| Z&

£ NE
\ el
A e
Ze
HERTING
| LszERT

WA A iy

7" 47 CES LG ELLINT COZ2E cf &f’
- J&/W/‘%’fJJﬂE K

: /-(/é—é 7_67 o
é—/l/é'//Vf

5556’7/6’/5'
6’5‘/1/56%777674/

o /75'70/74 wﬂz NE /&/7’7&

H_ . ('ﬁ/wf/wff
EV/%&&/@W’/&/(/ g R

66 T

' ffé’d//ffﬂzfz.f /MJ/Z e

N C'QMP/E’EJJ&’E o
TN QW_ feBrine
= N \ SroEnz
7O L/ CEATNT C’ﬂ////p/G’EJJ&f /o I

Jr .

rLCEL 7O
A"A/G'//Vé'

S ész"CT/G’/('/?é /\ - .
| CENELR IO /?/6:’7//5/6‘/?4 - EVEPOCH T
- - coolmve S

- za/;w B —

HOT wA7ES
[fELOERCE




 PATENTEDFEB 280 ' _ 3559 724
I S  OSHEET 4 OF 6 '

‘_ F/é' o” fX//ﬁ(/Jr zaa:s‘

_ - eEcovee
. EXP 5T £/V6/A/£ - .. y;:,?zﬂg—!—““—“ﬁé‘f{f
| L O0L/ AV

| Glock~ _
727W£/€’ (" pe)

- l e

/‘9’5/477'//(/6
IO compresioe | [SEETS

70

 Lrver o
' E /Vé //f/é‘ &0 /2»7{5///4?/1//5/94 \[~ | o '
. . . p@wf,e £ L c:” C7/C GEANELS 7O

e 42’ . - .
CEXHAUS T f/Vg//V.»f‘ _ £X,L//?z/57‘ L2055
54.:7@( R el
Nl /é’é'é’Ofo/é?ﬁéf méwz—‘ SERT
: COMPRE STOC

77 /é’é'/"/@/é"é' AE"/?/V
. C c?M/"/E’é' SISO

7'67

S | o Mé‘c/"v’ﬁ?/l//CA?é. ﬁ@er ———— AERTING

| | ' N S SYS TEM
Faéz 70 _' | \ u' .
EAGINE ENG/NE " .
Mfd///?/t//&ﬁd ,90%/56’ _
o /\ _ ¢ d/Vﬂé’/(/J CONOENTELC

ELECTRIC

Gé'/t/é'/é’/? SENERATION GRTLA/CLFe~ é‘VHP&Eﬁ?Df
- OO N B ——
. /"/G 7 - Leq2

NCAEXHAUST LOSS

CECOVERALBLE M?J/‘f HETT

EXtausT o N 77
|Exesr] , - C&/Vﬂf/Vszé“’\ BTN

,- 54476/6’;" = O 51‘7/”’0/?55‘5‘7’6’ | S TEA7
| ——£\ ' I
- MEC/%/‘B?’/(//C/?Z

ngé_/e I . —r—prayey—

| ever X
7O é‘/t/@//r/é‘
- /w -
- T PowES
- CLECTRIC T —
' ,féé’M{fA’f/@t/,_

!

S : _ LY /6/&7'WA77£/€° .
| LLTUAL COOLNE Lo590° 275 BACK CWHEN WEEDED)



PAENTEDFES 281 3559724
I - SHEET S OF 6 '

s .
S A EXEAYS T LDSS

/egcayffe/%z £ WASTE SHEAT
. 7 H[/??‘/M& SIS TENT

WeZ ffff/é’é‘fﬁw/* Jf/ﬂ’ﬁffJJff

‘e o N —

- ENeme L ACTIE/C/AL
 CO0LNE Jagp

K 1000659 70

| HOTWATEE fEEnEAK



3,559,724

-mmsme

__ L %nm\.w\u\.uu. .Q\ ~\\|m %.nmw\m\ __

” _ m\\h\%\%\u%\m\u\.w%\ | (2Z- m..m\\ﬁ
A OV 7 (PLE ] IN/GNVZ OL Lo/ 7248

4 \MQ\L.\ \\% _

RV %%mnwk%\\.mw\

AN DNVIIE Z7r
_ (/-2
wa\\w;\m OL L N7 7777

o =z EXSZ
TAVINO2 P

 IPFLHO
IV 7E07L 78

- oom
w\%ﬁam%\\&%\\. 7670) H

¥e %\%&mﬂi&w&ﬁ\u& \

| aw‘\nwnu\%\\\ LS

P w%w\_\ma%%w &w%%%h\ u
nmu _

| AL/ISNVZT NO7 ~— SHO/ LIV (D \/4 _
o .w@k%m\@@xm 7N LIS WO __ _ _ ﬂ
SITTOTEAD | m,,_d
- @ vozggosse | __ VM A
LE7S Y IR L M R __
4 | _ _Z NS -—

mﬁﬂdﬂﬂﬂN_

_ ooeeme
"AUNZINGS 2EHTAZ

N v \t%\%\w\%m\\_«w

.m&\\ w \,\%\K%\m\hkm\%

_ T L _ b@mﬁ\%\ ms\\w\k%%\\ﬁk wm.\,u\a\\,\k

h.NN m\é\mﬂ w\mwQ 7 A w%&\.\\,\m\ - .‘w%\\w%h%nw@\ \Y% Q‘Mﬁw\%\m\\h\%b ,ﬁ.w\ NQL b |

mw %\h\



3,559,724

1
COMFORT CONDITIONING SYSTEM

BACKGROUND OF THE INVENTION

{. Field of the Invention

The present invention relates to the comfort conditioning of
building structures. More particularly, the prescnt invention is
directed to an independent regenerative internal recovery
system for use in the heating and cooling of structures. Ac-
cordingly, the general objects of the present invention are to

provide novel and improved methods and apparatus of such
character.

2. Description of the Prior Art

Presently the heating and cooling of buildings is typically
achieved by use of electric air conditioning equipment cou-
pled with combustible fuel fired heating equipment. In addi-
tion, heating and cooling systems have been proposed, and in
some cases implemented, wherein the energy extracted from
the same fuel has been employed for both heating and cooling.
These prior art systems have, as a general rule, utilized a driv-
ing engine. In their most basic form, such systems employ a
gas engine to drive an air conditioner and, in addition, employ
a gas-fired heater to supply thermal energy. In addition, so-

called total energy systems have been proposed wherein the

combustion of a fuel has been at least partly utilized in the
generation of electricity in order to provide the security
against power failure that is implicit in the isolation of an en-
tire structure from the electric utility. In the total energy
systems, a gas engine may be used to drive a generator to
produce electricity and an attempt is made to recover waste
heat for heating and cooling. Further engine drive systems are
variations on the known reverse cycle heat pump, the waste
heat emanating from the engine as it drives a refrigeration
compressor being recovered and used for heating.

‘There is, of course, a long standing desire to improve the ef-
ficiency of and either lower or justify the initial cost of the
more sophisticated of the above briefly described systems. In
addition, “hmited energy systems,” wherein the building
structure would not be isolated from the electric utility but
wherein the heating-cooling system would be self-sustaining as
long as a combustible fuel was supplied thereto have also been
considered desirable. With particular respect to prior art heat
pump systems, experience with such systems wherein a gas en-
gine is the dnving source have demonstrated dispropor-
tionately large electrical energy operating costs to the extent
that the power required from an electric utility for fan and
pump drives represents a power cost which is 1n excess of the
cost of the combustible fuel delivered to the driving engine.
Obviously, therefore, the ability to drive as many of these aux-
iliary fan and pump devices as possible directly or indirectly
from the comparatively low operating cost gas engine would
provide a substantial economic advantage if this could be ac-
complished efficiently.

The above-mentioned typical prior art electric air-condi-
tioning-gas-fired boiler comfort control systems have posed a
substantial problem for utility companies. That is, the high de-
mand for gas during the heating season and the large demand
for electricity during the cooling season has the adverse effect
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of unbalancing vyearly distribution loads and in cases of 60

unusual weather conditions, imposes excessive demand on dis-
tribution and/or storage capabilities. Accordingly, a desire to
employ a gas engine to economically accomplish year round
comfort conditioning is present; a system employing a gas en-
gine improving the balance between summer and winter gas
loads. It is to be noted that engine driven heat pumps satisfy
the criteria of year-round use but, due to the complexity of
equipment associated with reversal of a refrigerant cycle, are
burdened by a high first cost and a comparatively low efficien-

cy.
SUMMARY OF THE INVENTION

The present invention overcomes the above-discussed and
other disadvantages and limitations of the prior art and, in so
doing, provides novel and highly efficient comfort condition-
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ing systems for the heating and cooling of structures. The
systems of the present invention accomplish these objectives
without employing expensive, reverse cycle, classical heat
pumps. In accordance with the present invention, waste heat is
recovered from a gas engine driving an air conditioning com-
pressor. This waste heat or a portion thereof, with the addition
of a portion of the heat rejected from the condenser of the air
conditioning system, is supplied as an artificial cooling load to
the air conditioning system evaporator in a heating operative
mode. The total thermal energy rejected by the condenser is
thus increased and this energy is utilized for heating the struc-
ture. In accordance with the present invention, heating is ac-
complished without reversal of the refrigerant system inter-
connecting the evaporator and condenser.

Also in accordance with the present invention, a self-
sustaining comfort conditioning system may be provided
wherein an electrical generator is driven by the gas engine.
The foregoing is achieved through the use of a differential
connection between a gas engine prime mover and both an
electrical generator and a refrigeration compressor. A novel
control system allows the generator to supply electrical energy
at constant frequency for the auxiliary pumps and fans as-
sociated with the heating system and, at the same time, pro-
vides for speed modulation of the compressor to achieve
capacity control. In accordance with the present invention,
since compressor speed can be very small, an increased modu-
lation range is obtained without unloading valves, the system
inherently unloads itself for starting and the compressor shaft
can be stalled for idle operation. The incorporation of the
electrical generator enhances the heating capabihity of the
system since the increased power generated by the engine to
drive the generator releases proportionately increased waste
heat from the engine which can be recovered for heating; such
waste heat being utilized either directly or as an artificial cool-
ing load for the air conditioning system evaporator.

BRIEF DESCRIPTION OF THE DRAWING

The present invention may be better understood and its nu-
merous advantages will become apparent to those skilled in
the art by reference to the accompanying drawing wherein

like reference numerals refer to like elements in the various
FIGS. and in which:

FIG. 1 is a block diagram of a preferred embodiment of a
comfort conditioning system in accordance with the present
invention.

FIG. 2 is a side elevation view of a differential connection

between the gas engine and other rotating machinery which
may be used 1in the embodiment of FIG. 1.

FIGS. 3—8 are schematic representations depicting various
modes of operation of the comfort conditioning system of the
present invention.

FIG. 9 is a pressure enthalpy diagram which illustrates the
operation of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

With reference now to FIG. 1, a preferred embodiment of
the present invention comprises a gas engine 10 which drives,
preferably through a planetary differential gear arrangement

12, a compressor 14 of a refrigeration system and an electrical

generator 16. The refrigeration system also comprises in part a
condenser 17 and an evaporator 18. It is contemplated that
the system of FIG. 1 will, via the output power from generator
16, provide sufficient electrical power to drive all of the aux-
iliary pumps, fans, and other devices of the comfort condition-
ing system as long as fuel is supplied to gas engine 10. The load
imposed by these auxiliary pumps, fans and other devices is es-
sentially a constant power, constant speed generator load and,
therefore, imposes a substantially constant torque demand
upon engine 10. Although compressor 14 will operate over a
range of speeds for modulation during either heating or cool-
ing, the compressor torque is nearly constant. Thus, with some
relatively minor adjustments required between the heating
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mode and the air conditioning mode. the nearly constant
torque requirements of the system dictate a differential con-
nection, as furnished by planetary differential gear 12,
between gas enginc 10 and the other system components
driven thereby. |

While not limited thereto, it is contemplated that gas engine
10 will be a conventional reciprocating piston, internal com-
bustion engine which has been modified to run on natural gas
fuel. The fuel for engine 10 will be supphed from a gas source,
not shown, via a conventional fuel control device 20 which in-
cludes a solenoid operated fuel supply valve. The system of
the present invention 1s self-regulating and thus the rate at
which fuel is delivered by fuel control 20 to engine 10 will be
automatically controlled in the manner to be described below.
Engine 10 will, of course, provide useful output power in the
form of output shaft torque. In addition, waste heat will be
recovered from the cooling and exhaust systems of engine 10
and may be employed, also in the manner to be described
below, s0 as to improve overall system efficiency.

As will be apparent from the description of FIGS. 3—7, the
present invention has several operational modes. These opera-
tional modes and the novel manner of control permits the
requirements for compressor delivery to define the speed of
compressor 14. It is particularly to be noted that, while
generator 16 is not an essential component of the present in-
vention, when the generator is incorporated the need for the
delivery of electrical power at a constant frequency to the aux-
iliary devices controls the engine fuel rate simultaneously with
the control of compressor speed. In order to achieve fuel con-
trol in systems incorporating generator 16, a frequency com-
parator unit 22 of conventional design is connected across the
output terminals of the generator. In the manner known in the
art, comparator 22 will provide an output signal having a
polarity commensurate with the direction of and having a
magnitude commensurate with the degree of generator output
frequency error. This error signal 1s fed back to fuel control 20
via conductor 24 in such a manner that, should the speed of
generator 16 exceed or fall below the proper level, the sole-
noid operated valve in fuel control 19 will be operated in the
proper direction to regulate the supply of fuel to and thus the
speed of engine 10.
~ As noted above, the present comfort control system con-
templates a wide range of speeds of compressor 14. Obviously,
at low speeds refrigerant compressor 14 would not be suffi-
ciently lubricated from a self-contained lubrication pump as
has customarily been accomplished in the prior art. Ac-
cordingly, one of the accessory electrical devices powered by
the output of generator 16 will be an externally driven pump
26 for compressor 14; pump 26 supplying lubricating oil to the
compressor from an oil reservoir 28 via condutt 30, the oil
being returned to the reservoir via conduit 32,

In the preferred embodiment of the present invention
shown in FIG. 1, the output shaft power furnished by gas en-
gine 10 is split between the compressor 14 and generator 16
by means of a planetary differential gear arrangement 12. A
preferred embodiment of this gear arrangement will be
described below in the course of the description of FIG. 2.
Planetary differential 12 splits the power delivered by engine
10 between the compressor 14 and generator 16 with a fixed
torque ratio between the drive shafts 54 and 36, ultimately
connected to the compressor and generator respectively. To
achieve control, a low-power hydrostatic circuit couples the
compressor drive shaft to the generator drive shaft and modi-
fies the net torque to the individual requirements of generator
16 and compressor 14. This hydrostatic circuit comprises a
variable displacement pump 38 which is driven from the shaft
36 of generator 16. Pump 38 supplies high pressure oil from a
reservoir 40 to a fixed displacement hydraulic motor 42.
Hydraulic motor 42 is coupled to the compressor shaft in the
manner to be described below via an idler gear 44.

Referring now to FIG. 2, it can be seen that the connection
between gas engine 10 and planetary differential 12 is by
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also serve as a carrier for a 20-tooth planet gear 48. Planet
gear 48 is rotatably mounted on shaft 50 extending from fly
wheel 46 and is in driving engagement with a 20-tooth sun
gear 52 which is secured to generator drive shaft 36. A 60-
tooth ring gear 54 is rotatably mounted on shaft 36 by suitable
bearings, not shown, and the interior teeth of ring gear §4 are
in driving engagement with planet gear 48. The exterior teeth
or ring gear 54 are in driving engagement with idier gear 44
which is mounted on the output shaft of hydraulic motor 42.
Idler gear 44 is also in driving engagement with a gear 56
mounted on shaft 34 of compressor 14.

As fly wheel 46 rotates, planet gear:. 48 is moved with
respect to the interior teeth of ring gear 54 and in turn drives
sun gear 52 whereby generator shaft 36 is turned and the
generator is driven. Variable displacement hydraulic pump 38
is drivingly connected to generator shaft 36 via a direct gear
train indicated generally at 58, and variable displacement
hydraulic pump 38 supplies high pressure oil to fixed displace-
ment hydraulic motor 42. The displacement of pump 38 is
regulated by an independent control which is responsive to
evaporator conditions. This independent control comprises a
temperature sensor 60, which is operatively associated with
evaporator 18, and a servomotor 62. The output shaft 64 of
servomotor 62 is connected to pump 38 and produces changes
in the displacement of pump 38, such displacement changes
resulting in changes in the power transmitted to motor 42. Ac-
cordingly, the amount of power delivered to compressor shaft
34 is varied in response to the need for *‘cooling™ which is
monitored at the evaporator by sensor 60. A need for addi-
tional cooling, as indicated by an increase in the temperature
monitored at evaporator 18, will be sensed by sensor 60 which
generates a control signal for servomotor 62 of proper polarity
to cause servomotor 62 to increase the displacement of varia-
ble hydraulic pump 38. Conversely, excessive cooling will be
indicated by decreased temperatures at the evaporator and,
through the action of sensor 60 and servomotor 62, a decrease
in the displacement of hydraulic pump 38 will be produced.

To summarize the above-described operational control, the
input power delivered by engine 10 fly wheel 46 is split
between generator shaft 36 and compressor shaft 34 with the
means determining the split of power being the hydrostatic
control system comprised of variable displacement hydraulic
pump 38 and fixed displacement hydraulic motor 42. At max-
imum displacement of pump 38, the greatest amount of power
is transmitted to motor 44 and thence to compressor shaft 34.
As the displacement of pump 38 is decreased, in response to a
reduced cooling load, there will be a change in the power split
between shafts 36 and 34 with the power delivered to and thus
the speed of shaft 34 being proportionally decreased. Conver-
sely, an increase in pump displacement will result in a change
in the power split between shafts 36 and 34 so as to cause an
increase in the power delivered to shaft 34. As noted above,
generator frequency is independently controlled by monitor-
ing generator output frequency and adjusting the engine fuel
rate and thus engine speed independently of the power split
between shafts 36 and 34.

Referring now to FIGS. 3—7, the heating capabilities of the
present invention, in the form of energy flow diagrams, are
presented. Thus, considering first FIG. 3, when no cooling is
required the operation of the gas engine 10 to supply ventila-
tion and circulation power to the fans which comprise a load
on generator 16 results in the generation of significant waste
heat which can be recovered and delivered via conduit 65
(FIG. 1) to heat the structure in which the system is installed.
Conduit 65 carries the transport material which receives the
waste heat from the engine coolant heat exchanger (not
shown) and from the engine exhaust recovery heat exchanger
(also not shown). The transport material will, in the usual in-
stance, be water as is also employed in the system chiller cir-
cuit for cooling the structure. However, the transport material
could also be air in cases where cold air would be supplied to
the conditioned space from a direct expansion evaporator.

means of an engine fly wheel 46 which is suitably modified to 75 Under the conditions of FIG. 3, since no cooling is required,
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the variable displacement pump 38 will be adjusted via its con-
trol in such a manner that no power is delivered to shaft 34 of
compressor 14. As represented in FIG. 3, engine 10 is provid-
~ ing approximately 40 percent of its rated load and about 55
percent of the energy released by the fuel burned in gas engine
10 will be transferred to the material flowing in conduit 65.
The foregoing will be true regardless of whether the condi-
tioned space needs as much heating as can be obtained from
the recoverable waste heat. Accordingly, means will be pro-
vided in conduit 65 for dirccting the unneeded energy to an
external heat exchanger, such as a cooling tower if the trans-
port material is water, if excess heat is generated.

If controls in the heating system sense that more heat is
needed than can be delivered in the mode of operation de-
picted in FIG. 3, a portion of the heated transport material in
conduit 65 is withdrawn via adjustable flow divider 66 (FIG.
1) and is transferred via conduit 68 to conduit 70 where it
mixes with the transport material returning from the cooling
circuit in the conditioned space to evaporator 18. The opera-
tion of flow divider 66 may be automatically controlled by
sensor 71 and associated servomechanisms which detect a
need for heat, and actuate, in turn, the means 66 in conduit 65
for diverting flow from the external heat exchanger. When all
flow is diverted from the external heat exchanger, diverter
valve 66 having been progressively actuated to its maximum
where all flow in conduit 65 passes to conduit 68, if more heat
is still needed, flow is diverted by valve 74 as will be explained
subsequently. |

The delivery of waste heat from the gas engine to evapora-
tor 18 results in sensor 60 reacting as if additional cooling
were needed. That is, the temperature at evaporator 18 will be
increased due to the delivery of waste heat from gas engine 10
thereto and this increase in temperature will, through the ac-
tion of sensor 60 and servomotor 62, cause the displacement
of pump 38 to be increased. The increase in the displacement
of pump 38, as described above, will increase the propor-
tionate amount of power delivered to compressor 14, and
through the action of the generator speed control, will also

cause an increase in the rate of delivery of fuel to the gas en-
gine 10. This, in turn, results in additional waste heat being

generated and recovered at engine 10 and delivered to
evaporator 18 whereby the system “boot-straps” itself to a
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state where sufficient thermal energy is recoverable from con-

denser 17 to supply the heat demand. The energy released at
the condenser 14 is transported through conduit 72, which
merges with conduit 20, thus adding the heat released from
‘the condenser to the remaining portion of the waste heat
recovered from the engine, the waste heat being increased as
above described because of the increased fuel supply supplied
to engine 10 to supply power to both generator and compres-
SOr.

FIG. 4 is an energy flow diagram depicting the operational
mode where all of the recoverable waste heat generated by en-
gine 10 is applied to evaporator 18 as a “false” cooling load.
That is, FIG. 4 depicts the condition where flow divider 66 is
adjusted such that all of the transport material flowing in con-
duit 65 is diverted to evaporator 18. It is to be noted that from
the standpoint of heating capability, FIG. 4 depicts the limit-
ing condition of prior art schemes such as that described in
U.S. Pat. No. 3,236,293 to Carleton. It is especially to be ob-
served that the *“false” cooling load as shown in FIG. 4 is not
- as large as the design cooling capability of evaporator 18 un-
less the gas engine 10 is unusually inefficient. This means that
the engine 10, under the condition of FIG. 4, will not be
loaded to its fullest capacity unless additional cooling load is
imposed upon the system as, for example, by a zone within the
conditioned space which needs cooling while the rest of the
conditioned space needs heat. Such “cool™ zones are exem-
- plified by computer locations and cafeterias and the operation
of the present invention when such an additional cooling load
is présent is shown in FIG. S. It is to be especially noted that
the operational mode depicted in FIG. § was not anticipated
as advantageous in the prior art. By comparison of FIGS. 4
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and 5 it may be seen that the net heat delivery for the FIG. §
operational mode is greater than FIG. 4.

One of the significant novel aspects of the present invention
is its ability to-operate so that the heating capability indicated
in FIG. 4 is not the limit when no real cooling load is available
as shown in FIG. 5. FIG. 6 shows that energy released by con-
denser 17 may be fed back to evaporator 18 to increase the
apparent cooling load on the evaporator thereby increasing, in
the manner above-described, the displacement of pump 38,
and thus also increasing to a maximum the speed of compres-
sor 14 and the fuel flow to gas engine 10. Through a com-
parison of FIGS. 4 and 6, it may be seen that the additional ar-
tificial cooling load provided by the energy fed back from con-
denser 17 provides a net increase in heat delivery of about 30
percent. The novel feedback loop concept whereby energy is
fed as artificial cooling load directly from condenser 17 to
evaporator 18 may be implemented by employing a further
flow divider 74 in conduit 72 whereby a portion of the heat
released by condenser 17 may be delivered via conduit 76 to
conduit 70. Alternatively, in the interest of configurational
simplicity, flow dividers 66 and 74 and their respective as-
sociated conduits 68 and 76 may be eliminated and
withdrawal of energy for feedback to evaporator 18 may take
place at section Y-Y of conduit 65. The latter arrangement,
that is, the employment of a flow divider and suitable means
for the transport of thermal energy from section Y-Y of con-
duit 65 to the input to evaporator 18 (conduit 70) inherently
permits all degrees of false loading as depicted in FIGS. 3, 4
and 6. Control of the flow divider or dividers for the opera-
tional mode of FIG. 6 is achieved as described above with rela-
tion to FIG. 4.

FIG. 6 also represents the unique capability of the present
Invention for bringing engine 10 up to full load on heating
when no internal cooling load is available. Typically, comfort
control systems in accordance with the present invention will
have a heating capacity which is 96 percent of the installed
cooling capacity. It is especially to be noted that this is a Sig-
nificantly greater heating capacity than state of the art gas en-
gine driven, reverse cycle, air source heat pumps and is
roughly twice the heating capacity of comparable electrical air
source heat pumps. As previously noted, if all of the recovera-
ble waste heat is fed to the evaporator as a false cooling load,
the maximum loading of engine 10 is as depicted in FIG. 4.
Thus, again through a comparison of FIGS. 4 and 6 which are

‘approximately to scale, it may be seen that maximum heating

capacity of the engine may be achieved without an internal

cooling load by means of the feedback of energy from the con-
denser to evaporator.

FIG. 7 schematically shows the operation at the same en-
gine power level as depicted in FIG. 6 in the situation where

- cooling and heating are desired simultaneously and the net
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heat delivery is increased by the amount of heat not needed in
the feedback loop shown in phantom on FIG. 7. If less heating
were required, less of the recoverable waste heat would be
used to create the regenerative cooling load, thereby reducing
the required compressor power, the engine power and the fuel
input rate. If the cooling requirement, unaugmented by artifi-
cial load, made more heat available than was needed by other
parts of the building, the surplus heat would obviously have to
be rejected. In the present invention, internal cooling require-
ments increase the heating capability beyond the full engine
load value of 96 percent on a 1:1 basis. Thus, once the engine
is fully loaded, each unit of real cooling load releases a unit of
recoverable waste heat to the heating system.

It is to be observed that the feedback loop as illustrated in
FIGS. 6 and 7, wherein transport material is fed back to the
evaporator from the condenser, preferably after being
withdrawn from conduit 65 at section Y-Y in FIG. 1, is also
applicable to systems that do not incorporate a generator for
the powering of comfort condition electrical auxiliaries.
Where electrical generation is not incorporated in the system,
as depicted in FIG. 8, the present invention provides a dra-
matic simplification in system controls by maintaining con-
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stant evaporator control conditions for both heating and cool-
ing. Similarly, from the standpoint of comparison with the
closest prior art equipment from an operational viewpoint, the
present invention 15 considerably less complex and yet pro-
vides nearly as much heating as an engine driven, Meverse
cycle heat pump could supply at design conditions. The
present invention, morcover, can deliver up to its maximum
heating capability regardless of the outside temperature thus
eliminating one of the glaring deficiencies in prior art reverse
cycle heat pumps. It will be obvious to those skilled in the art
that, with moderate outside temperaturcs, the classical reverse
cycle heat pump will heat with a relatively smaller fuel con-
sumption than the novel system of the prescent invention but
the cost and complexities of reverse cycle operations have
been shown in practice to far outweigh any such minor operat-
ing cost advantages. With the generator 16 eliminated, the
speed of engine 10 is directly controlled by the need for
refrigerant flow. That is, with generator 16 omitted, engine 10
and compressor 14 are rigidly connected and control of en-
gine 10 is achieved conventionally with the compressor being
sequentially unloaded and the engine (compressor) speed
being reduced as less refrigerant flow is needed, and vice ver-
sa.

It 15 also to be noted that the present invention exhibits ex-
cellent modulation characteristics in that the compressor
speed is infinitely variable over a wide operational range and,
therefore, the heating rate is also infinitely variable over a
wide range without the need for unloading valves in the com-
pressor when electrical generation is employed. It is also to be
noted that, with or without generation, in situations where
more heating capacity than cooling capacity is required, the
present invention may be augmented with an auxiliary boiler.
In such cases, controls can be arranged to fire the boiler when
full compressor speed is reached and, once the boiler heat is
attained, the compressor speed would drop for equilibrium. If
more heating were required, the compressor speed would be
increased from the new equilibrium value accordingly; and if
less heating were required, the compressor speed would
decrease accordingly until, at a minimum preset compressor
speed, the boiler would be turned off. As a result, the boiler
would be fired at full rate for a long time as the engine system
provides the load modulation over a wide net range and once
turned off, the boiler would stay off for a long period. The
economic advantages of such an operational mode are signifi-
cant and will be obvious to those skilled in the art since boilers
have long been known to be quite inefficient during the rapid
on-off cycling associated with normal operation at less than
full demand.

The improvements precipitated by the present invention
and described in particular in FIGS. 6 and 7 will be im-
mediately obvious to those skilled in the art through reference
to FIG. 9 which comprises a pressure enthalpy diagram. On
FIG. 9, the cycle A-B’-D-E-A is a typical air-conditioning
cycle with compression occurring between A and B’, cooling
and condensation of the refrigerant occurring from B’ to D,
throttling through the expansion valve from B to E, and
evaporation of the refrigerant occurring from E to A. In FIG.
9, the enthalpy values are in Btu per pound of refrigerant and
the inlet density to the compressor and the compressor speed
(and also the volumetric efficiency of the compressor) define
the actual mass flow in the system. As is traditional for the
charting of refrigerant properties, a saturation line separates
subcooled liquid on the extreme left from the zone of mixed
vapor liquid while a second saturation line separates the vapor
liquid phase from superheated vapor at the extreme right. The
ideal constant entropy compression process from A to B does
not account for inefficiencies in the compressor which are all
normally returned to the refrigerant and thus the actual com-
pression process is shown going from A to B’. In the interests
of simplicity, the entrance to the compressor at A is shown at
the saturated (vapor) line while, in actual practice, the
refrigerant delivered to the compressor is slightly superheated.
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When the same condenser and evaporator pressure condi-
tions are to be used in both the heating and air-conditioning
modes, the importance of the feedback loop of the present in-
vention may be clearly seen from FIG. 9. To develop the ener-
gy requircd for compression, as represented by the enthalpy
difference A-B’, fuel energy represented by NRG-1 must be
released in the engine with that portion of this energy
represented by the enthalpy change F-A recoverable as waste
heat from the engine. If throttling could be controlled from
point C to point F, both within the *‘vapor dome," the cycle
A-B'-C-F-A would deliver the desired heating effect. How-
ever, the inlet to the throttling process is designed to be
slightly subcooled liquid, as at point D, for:the air-condition-
ing cycle and the cycle control would have to be modified to
pass the proper proportion of vapor during heating in order to
accomplish the equivalent of throttling expansion C~F. Rather
than accomplish the awkward control process required for ex-
pansion C-F, the present invention accomplishes the normal
complete condensation process from B’ to D and uses the ex-
cess energy released from C to D to provide the needed extra
evaporation energy from E to F to balance the energy flows.

The case where electrical generation is included is
represented by the additional waste heat from F to F’ that can
be applied to the evaporator, the similarly increased heating
energy being indicated from B’ to C; and the reduced feed-
back energy C'-D=E-F’. | | |

F1G. 9 also shows the case where feedback is not employed
and a conventionally controlled expansion valve is utilized,
this condition being depicted by the cycle a -b -D —e —a. In this
case, the compressor inlet pressure is markedly reduced so
that the compressor work is large enough relative to the
evaporation requirement to enable the recovery of enough
waste heat from the engine. The actual engine power, how-
ever, 15 defined by the product:

(NRG-2) X(compressor speed) X(density at a) X(volumet-

ric efficiency at g)
and is a much smaller power level than the product:
(NRG-1) X(compressor speed) X(density at A) X (volu-
metric efficiency at A)
primarily because: 3ps

(Density at A).. (NRG-2)

(Density at a)” (NRG-1)

but also because:
(volume efficiency at a) <(volume efficiency at A)
because of the increased pressure ratio. It thus may be seen
that the power level represented by the normal air-condition-
ing compression from A-B’ is very near the maximum with a
given condensing temperature and compressor speed. As a
result, the best way to fully load the engine is to maintain air-
conditioning evaporator and condenser conditions during
heating and this is achieved by the present invention in con-
tradistinction to prior art engine-driven, heat pump systems.
While a preferred embodiment has been shown and
described, various modifications and substitutions may be
made thereto without departing from the spirit and scope of
the present invention. Accordingly, it is to be understood that
the present invention has been described by way of illustration
and not limitation.
I claim:
1. A comfort conditioning system for a building structure
comprising:
refrigeration means including a condenser, a compressor
and an evaporator;
a driving engine;
means coupling the mechanical output power of said engine
to the compressor of said refrigeration means;
means for selectively delivening a portion of the thermal
energy rejected from the condenser of said refrigeration
means directly to the evaporator of said refrigeration
means as an artificial cooling load to increase the thermal
energy rejected by the condenser as required for heating
purposes; and



means for delivering the remainder of the recoverable ther-
mal energy rejected from the condenser of said refrigera-

tion means to the building structure for heating purposes.

2. The system of claim 1 wherein said driving engine com-
prises an internal combustion engine.

3. The system of claim 2 further comprising:

- means for delivering a combustible fuel to said engine:
means for recovering waste heat produced in the courss of
combustion of fuel in said engine; and

means connected to said waste heat recovering means for

delivering engine waste heat as an artificial cooling load
to said refrigeration means evaporator.

4. The system of claim 3 further comprising means con-
nected to said waste heat recovering means for delivering the
recovered engine waste heat which is not employed as an ar-
tificial cooling load to the building structure for heating pur-
poses. |

5."A comfort conditioning system for a building structure
comprising: |

refrigeration means including a condenser, a compressor

and an evaporator; '

an internal combustion engine;

- means for delivering a combustible fuel to said engine;
means coupling the mechanical output power of said engine
to the compressor of said refrigeration means;

means connected to said engine for delivering waste heat

produced in the course of combustion of fuel to the build-

ing structure for heating purposes; |
means connected to said refrigeration means condenser for

delivering thermal energy rejected therefrom to the build-
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Ing structure, the rejected thermal energy being added to

the engine waste heat; and |

means for selectively delivering a portion of the combined
engine waste heat and condenser rejected thermal energy
directly to the refrigeration means evaporator as an artifi-
cial cooling load to increase the thermal energy rejected
by the condenser as required for heating purposes.
6. The system of claim § wherein said system further com-
prises means for generating electrical power, said generating
means being driven by said engine. |
7. The system of claim 6 wherein said power coupling
means comprises means for splitting the output shaft power of
. said engine between said generator and said refrigeration
means COmpressor.
8. The system of claim 7 further comprising:
means for sensing a condition at the refrigeration means
evaporator and for generating a signal commensurate
therewith; | |

means connected to said power splitting means for varying
the amount of mechanical power delivered respectively
to said generator and compressor; and

means responsive to said signal commensurate with an

evaporator condition for causing adjustment of said
power split varying means.

9. The apparatus of claim 8 wherein said power splitting
means comprises planetary differential gear means.

10. The system of claim 4 wherein said system further com-
prises means for generating electrical power, said generating
means being driven by said engine.

11. The system of claim 10 wherein said power coupling
means comprises means for splitting the output shaft power of
said engine between said generator and said refrigeration
means COmpressor.

12. The system of claim 11 further comprising:

means for sensing a condition at the refrigeration means

evaporator and for generating a signal commensurate
therewith;

means connected to said power splitting means for varying
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the amount of mechanical power delivered respectively
to said generator and compressor; and

means responsive to said signal commensurate with an
evaporator condition for causing adjustment of said

3;:n:vw.rer split varying means, o o
13. The apparatus of claim 12 wherein said power splitting

means comprises planetary differential gear means.
14. A method of comfort conditioning a building structure
comprising:
operating a refrigerating system in the cooling mode of -
comfort conditioning;
continuing to operate the refrigerating system without
reversal of the refrigerant cycle during the heating mode

- of comfort conditioning; _

delivering thermal energy rejected from the condenser of
the refrigerating system to the building structure during
the heating mode; and

delivering a portion of the thermal energy rejected from the
condenser of the refrigerating system to the evaporator of
the refrigerating system as an artificial cooling load dur-
ing the heating mode.

15. The method of claim 14 further comprising:

driving the refrigerating system compressor with an internal
combustion engine;

recovering waste heat produced during operation of the en-
gine; and

delivering recovered engine waste heat to the building
structure during the heating mode. "

16. The process of claim 15 wherein the condenser rejected

thermal energy is added to the recoverable engine waste heat

in the heating mode and wherein the step of delivering thermal

energy as an artificial cooling load comprises diverting a por-

tion of the combined engine waste and condenser rejected

thermal energy from the building structure to the refrigerant

system evaporator. |

17. The method of claim 15 further comprising driving an
electrical generator from the engine which drives the
refrigerant system compressor.

18. The method of claim 17 wherein the step of driving the
generator comprises splitting the engine output shaft power
between the compressor and generator.

19. The method of claim 18 further comprising:

sensing a condition at the refrigerant system evaporator,

and

controlling the amount of power delivered respectively to

the compressor and generator in accordance with the
sensed condition.

20. The ‘method of claim 16 further comprising driving an
electrical generator from the engine which drives the
refrigerant system compressor. |

21. The method of claim 20 wherein the step of driving the
generator comprises splitting the engine output shaft power
between the compressor and generator.

22. The method of claim 21 further comprising:

sensing a condition at the refrigerant system evaporator;

and -

controlling the amount of power delivered respectively to

the compressor and generator in accordance with the
sensed condition.

23. The method of claim 19 further comprising:

sensing the electrical generator output frequency; and

adjusting the flow of fuel to the engine to regulate engine

speed to thereby control generator frequency.

24. The method of claim 28 further comprising:

sensing the electrical generator output frequency; and
- adjusting the flow of fuel to the engine to regulate engine

speed to thereby control generator frequency.
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