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THERMOSTATICALLY-C.'ONTROLLED SUMMARY OF THE INVENTION
MULTI-MODE COOLANT LOOPS

('OSS RlililigiiN( li I'0 Rt!I,AI III)
APPLICATIONS

Not Applicable.

STATEMENT RECiARDIN(i FEDERALLY
SPONSORIID Rl ISIIAR( I I

ui

Not Apphcablc.

BACKGROUND OF THE INVENTION
I

llic presmtt invention rclatcs ut gcncral Io an mtcgrated
engine cooling and cabin heating systein for transportation
iehicles, mtd, morc spccilicdlly, to a method and apparatus
fiir circulating coolant

zo
Historically. Imanspottotion vehicles powered by combus-

tion en ines have produced suflicient waste heat front the
combustion to supply all the needed heat for worming the
passenger cabin dunng cold wcathcr. Consxlcnng rcgula-
tiom and marketpLace demand for lfigher fuel economy and .;
lower mnissions, thc global automouvc market is rapidly
evolving to require alternative fuel vehicles and lfigher
cflicicncy (lower waste heat) cngutes. Modern energy-efli-
cicnt velnclcs such as baucry electric, hybrxl, lhel cell,
diesel engine. in)all displacement petrol engine vehicles io
pose challen es for cabin heating. In many cases an auxil-
iary heatiim device such as hiel-operated heater, a positive
tempemature coefficient (PTC) coolant heoter. or on exhaust
heat recovery system is utilized to naive the temperature of
thc coolant flunl that tiows Io thc cabin heat exchanger (i.c., 11

healer cure). Plu -in hybnd vchiclcs in particular rcquirc an
auxiliary healing dcvicc since the combustion engine is olf
and cannot generate heat during times that vehicle propul-
sion is provided by the battery-powered systems.

To provide warmed ix)olant to a cabin heat exchanger do

under all operating modes of the vehicle propulsion or
poweruain system, a rcconligurablc coolant loop is known
that uses electrorucally-controlled valves Io cidter bypass or
include the combusuon engine or other components ut thc
active coolant flow depending on whether they are active In
one exaniple of a cooling system architecture. coolant flov
can be configured as either two (dual) loops for auxihary-
based cabin heatin or one combined loop for engine-based
heatutg. Thc lirst loop may include thc pnmary cncrgy
source (power plant), a primary coulant pump. and other o

pnmary heat exchange devices (e.g., mthator or other heat
sinks. deaeration device. Oil coolers/heaters, I'1(iR cooler. or
turbocharger intercoolerj 1 he second loop may include the
auxiliary heating device, cabin heat exchanger. and on
auxiliary coolant pump Tlus dual loop configuration allows ss
Ihe auxiliary heating device to provide cabui heating using
less energy and morc quickly since o smaller mass of coolmt1
is being pumped and hcatcd and since none ol its heat is lost
to the printery power plant or its associated devices

Conventional systems have required expensive electrical io
diverter valve(s). mounting brackets, fasteners. wiring. con-
nectors, fusing. electronic controller. and/or sofhvore devel-
opincrit hi orilcr Io wulsf)'lc luncuons ol dctcmlllllllg
winch mode Io operate Ihc coolanl circuit mul actually
diverting Ihc flow as rcxfuircd. Ii would be desirable to si
pmvide more cost effective solutions tiir the control and
diversion of the coolant flow

Thc heat trans fhr system oi'he prcscnt invention employs
a multii way (e.g.. Iv o-position Iluce-wuy) mechimical Iher-
nxistatic diverter valve and in some enibodiments a check
valve in a manner that avoids the need for electronic
controllers or actuators. The vehicle prime energy source
can be a combustion engine or fuel cell, for example. The
auxiliary heating device can be a fuel operated heater,
positive temperature cocflicient (PTC) coolmu heater, or
cxhdusl hcdt rccovcry svsli'nl. Thc coolallt circuit opcidtcs ill
a niixed loop mode conhgured such that coolant floivs in a
conllnon circuit including the prime energy source and
pump. auxiliary heating device. and the cabin heat
exchm er. An isolated loop mode is configured such that
coolant flov: is separated into two circuits by the thermo-
static diverter valve. Onc isolated circuit includes Ihc prime
energy source, Ihc pnmary coolant pump, and other associ-
ated heat sink or deaeration devices 1he second isolated
circuit includes the auxilimy heating device, cabin heat
exchanger. and an auxiliary coolant pump. The themtostatic
diverter salve sealing surface is mechanically actuated,
typically by a material exlubiting displacement proportional
to tempcraturc or a phase cluutge such as wax. possibly
havuig additional spring(s) for resistance and/or cahbratiun.
I )ependmg on the location of the thermostatic diverter valve,
a check valve may be utilized to force the flow through the
auxiliary heating device and cabin heat exchanger. In addi-
tion. o duai temperature sensing and adaptive control valve
is disclosed.

In onc aspect of Ihe 1menuon, a hmt transfer system is
provnlcd lol a lurid vchlcic hilvlllg a piisscllgcr cabill,
wherein a coolant circulates ividlin the system A primary
branch includes a primary coolant puntp and a primary
power plant that heats the coolant to a primary tempemature
Coolant is pumped tluough the primary power plant by the
primary coolant pump. An auxiliary branch includes an
auxiliary coolant pump, an auxiliary hcut source, and a cabin
heat cxclmngcr. whcrcin thc auxiliary hcut source sclccuibly
transfers heat to the coolant flowing within the auxiliary
branch. ('.Coiant flowing within the auxihary branch has an
auxiliary temperature A thermostatic multi-way valve bav-
in a valve inlet as well as first ond second valve outlets
directs coolant from the valve inlet to substantially only the
lirst valve outlet when rccciiing coolant at below o first
tcmpcroture. Thc valve directs coolant from thc valve uric(
to substantially only the second valve outlet when receiving
coolant at above a second teniperature I'he valve inlet is
coupled to receive coolant fmm either the primary branch or
the auxiliary branch. The first valve outlet is configured to
return coolant to the same branch as is connected to the
valve inlet. Thc second valse outlet is configured Io direct
coolant to the other br;mch Io which Ihc valve utlet is not
connected

BRIEF DESCRIPTION OF THE DRAWINGS

FICi 1 is a block diagram ol' heat transfer system
according to a first embodiment of the invention

lil(i 2 illustrates coolant flow in an isolated loops mode
for the embodiment of FIG. 1.

FICi. 3 illustrates coohmt flow in a mixed loop mode for
the cmbodimcnt of FIG. 1.

FICi 4 is a block diagrmn ol' heat trdnsfi:r system
according to a second embodiment of thc invenuon.

lil(i 5 illustrates coolant flow in an isolated loops mode
for the embodinient of I'ICi. 4
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FIG. 6 Illustrates coolant fiow ul 9 nuxed loop mode for
the etnbodiment of FICi 4.

FIG. 7 is a block diagrmn of a heat transfbr system
dccoldhlg to 9 thu'd culbodlulcni of lhc ulvcnfiou Iisulg II

dual-temperature sensing thermostatic valve. v ith coolant
floiv in an isolated (dual) loops mode

FI(3. 8 illustrates coolant flow in a transition mode for the
system of FIC). 7.

FI(3. 9 illustmstes coolant flow in a mixed (sin le) loop
mode for thc system of FIG. 7. I i 1

FIG. 10 Is a sclmmauc diagram of a dual-tcmpcraturc
sensing three-way thermostatic valve in a position corre-
sponding to the isolated loops mode of I'IG 7.

FIG. 11 is a schematic diagram of the dual-temperature
sensing tluee-v ay thermostatic valve in a position corre-
sponding to the tmsnsition mode of FICi. 8.

FIG. 12 is a schemanc diagrmn of ihe dual-temperature
scn9ulg three-w By fluumosidtlc vtllvc ul 9 piistlton colrc-
sponding to the nlixed loop mode of l1(3. 9

IO

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Referrin to lil(i I, a heat transfer system 10 of the
pl'c9cltt Invention ale hule s 9 pl'liuaof cilci'gv ailul'ccol'oivci'lant

11 (such as an internal combustion engine, fuel cell. or
battery pack) receivin coolant via a circuit including a
scncs connection with a prunary coohmt pump 12 Thc
coolmli circuit further ulcludes primary heat exchange com-
ponents 13 such as a radiator. deaerator, transmission or ic
engine oil coolers or heaters, an li()R cooler. and'or heat
exchange conlponents associated ivith a turbocharger, for
example. Primary ener y source 11, primary pump 12, and
primary conlponents 13 form a primary branch A of system
10. ls

A thcrmostauc tluce-way valve 14 has dn mlei 15 receiv-
ing coolant from pnmary branch A fpreferably from prinuiry
energy source 11) An optional tempensture sensor 16 nlea-
sures a primary temperature 'I'P of the coolant tklv ing in a
coolant conduit 17 from primary energy source 11 to inlet do

15. Themlostatic valve 14 has a first outlet 18 coupled to
pnmary components 13 via a conduit 19. Conduits 20 and 21
couple primary pump 12 to thc pnmary heat cxchangc
components 13 and thc pnmary cncrgy source 11, rcspm-
tively

'thermostatic valve 14 has a second outlet 22 coupled to
an inlet of an auxiliary pump 23 via a conduit 24. The outlet
of auxiliary pump 23 is coupled to an auxiliary heating
device 25 via a conduit 26. Hcaun device 25 may bc a PTC
healer, fuel-opcratcd heater or other portable device which o

supplies heat powcrcd by tm alternate energy source 27
fsuch as a battery for a PT('eater or liquid fuel for a
fuel-opemted heater) 1he outlet of auxiliary heating device
25 is coupled to the inlet of a cabin heat exchan er 28 which
is preferably disposed with a conventional blow:er for tmns- ss
li:rring heat mlcrgy Irom the coolanl to lhc passenger cabin
d9 knilwu hl thc Brt Thc UU(lcl ol cabal heat cxchBngcr 28
is coupled io the Inlet ol' onc-way check valve 30 via 9

conduit 31 i he outlet of check valve 30 is coupled to the
inlet of mixiliary pump 23. Auxiliary puinp 23, auxibary ic
heating device 25. cabin heat exchanger 28 and check valve
30 form an auxiliary branch B of system 10.

lite ouflct of cabui heat exchmlger 28 is also coupled to
thc mlet of prunary components 13 via 9 conduit 32 to
provide for thc return of coolant to primary pump 12 when ss
in a nlixed loop nlode as described below A controller 35
nlay receive optional tempensture signal 'I'P from sensor 16

to dcnvatc Bltcniilu: cncrgv'UUrcc 27, tnlxllldly hcdtnlg
device 25, and auxiliary pump 23 as appropriate ivhen
temperature signal TP indicates that inadequate waste heat is
available from primary energy source 11 to generate sutfi-
cient heat at cabin heat exchanger 28. There is no need,
however. to connect controller 35 to thermostatic valve 14
since thc present invention dcluevcs optunal cookmt fiow
without rcquinng electronically controlled valves.

lil(i 2 shov'9 opemtion of this first embodunent in an
isolated loops nlode that occurs when primary energy source
ll insufficiently heats the coolant 'I hermostatic valve 14 is
configured to direct coolant from Inlet 15 to substantially
only first outlet 18 when the coolant received at inlet 15 is
below a lirst setpoint imnpcrdture. On thc other lrdnd, valve
14 directs coolant Ibom inlet 15 to substanually only almond
valve outlet Z2 when receivin coolant at inlet 15 having a
temperature 'I'P that is at or above a second setpoint tem-
perature which is higher than the first setpoint tenlperature
The first and second setpoint temperatures are determined
according to the mechanical pmperties of valve 14 which
may bc of corn cnuonal construcnon fc.g.. based on wax or
dnothcl philsc-chiulgc nliucluli). A hcavlcr hncwclghl lol
the coolant conduits in I'IG 2 identifies portions of the
coolant circuit v,here coolant floivs during the Isolated loop
nxlde 'I'hus, thermostatic valve 14 is set to a position that
directs any coolant received from primary energy source 11

to pnmary components 13 via conduit 17. In this isolated
loops mode, no flow is presmlt in ciihcr direction at outle(22
of thcnnostiltlc vBlvc 14. Iu separate BUxlharv blanch B. Bn

isolated flow occurs from auxiliary pump 23 through aux-
iliary heating device 25. cabin heat exchanger 28, and check
valve 30. l3ecause of the conservation of mass within the
cooling circuit and because there is no flov In conduit 24. no
flow occurs in conduit 32. Therefore, all coolant passin
tluuugh cabin heat exchanger 28 tlows toward check valve
30.

With coolant tcmpcraiure TP below thc lirst icmpcraiure
linut, isoLsted coolant flows exist in both branches A and l3,

so that heat energy generated by auxihary heating device 25
is efficiently used to heat the passenger cabin. In particular,
controller 35 may activate pump 23 and auxiliary heating
device 25 in response io an operator conunand rcxfucstntg
cabin heating during 9 time when prunary coolant 1cmpcm-
turc TP is below a ilucshold indicative of Insuflicicnt waste
heat being available trom prilnary energy source 11 to meet
the heating demand Alternatively. other sensors could be
used such as a cooLsnt tenlperature sensor in connection with
cabin heat exchan er 28.

FIC) 3 illustrates coolant flow in the mixed loop fi.e.,
single loop) mode. When primary coolant tmnpcraiurc TP is
grcalcr titan lhc second smpoint tcmpcraturc Ihcn thermo-
static valve 14 diverts all the coolant to second outlet 22 and
to auxiliary branch 13. Coolant is corn eyed to a point in
auxiliary branch B between auxiliary pump Z3 and check
valve 30 so that it follows a pathway tluough auxihary pump
23, mixiliary heating device 25, and cabin heat exchanger 28
bcfilrc rctumulg to pnmary branch A via conduit 32. Ii may
bc desirable to turn ofl'or reduce power to mixiliary pump 23
above some predetermined primary coolant temperature 1'P
'I'he predetermined temperature nlay depend on the output
capacity ofprimary pump 12 and the Inherent pressure drops
in the circuit. and other factors. It may have a value between
the Iirst and second sct poult tmuperdturcs ol'alve 14, for
exiunplc.

By virtue ol Ihc placemmlt ol Ihcrmosiauc Ihrcc-way
valve 14 between primary branch A and auxiliary branch l3

and the placement of a check valve before the mixiliary
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i

pump 23. cooluig system operation aclueves gmlcrally lower
electrical energy consumption and better hiel economy
without thc necessity ol'xpcnsivc clectromrally-controlled
valves. I)y setting the hrst setpoint temperature of valve 14
lnghcr Ihml the muximum heating of lhc coolmil that can bc

enemted by auxihary heatuig device 25, it can be ensured
that the switching ofvalve 14 cannot introduce a dip in cabin
heating via cabin heat exchanger 28 that would othemvise
result if 0 lower tempemlture coolant was allow:ed ro be

iii
introduced. Moreover, the passenger cabin can bc vv armed
quickly even during initial startup conditions before signifi-
cant waste heat is available from prunary energy source 11

since auxiliary heating device 25 supplies heat to (and must
handle heat loss ol) ihc isolated auxiliary branch only High
etficiency is maintained smce primary branch A is itself
isolated and can warm quickly to the point where prime
energy source ll pmvides excess waste energy that can be
diverted for cabin warming and reduce usage of auxiliary
llcdnllg ilcvlcc 25. 20

In the embodiment shown in FICiS. 1-3, thennosratic
valve 14 has its inlet receiving coolant from primary branch
A dnd luis lirsl outlet 18 coniigured to return coolant lu thc
smnc branCh (I e., prnuary branch A). Second outlet 22 is
coniigured Io ihrcct coolant lo Ihe other brmich (I.c., auxil-
iary branch 13) for the mixed loop mode I'IGS 4-6 shov an
alternative embodiment for placing thermostatic three-way
valve 14 with its inlet coupled to auxiliary branch B. In tlus
embodiment. primary branch A is connected in 0 circuLar
loop by conduits 35, 36, and 37. Auxiliary brmlch B is lo
connected in a loop by conduits 40-43 internipted by valve
14. Beuveen the bmnches. a conduit 44 couples the outlet
fmm primary energy source I I to the inlet of auxiliary punip
23. and a conduit 45 couples second outlet 22 of valve 14 to
thc inlet ofpnmary coolant pump 12. First outlet 18 ofvalve
14 Is coupled Io rctum coolant to thc inlet ol'auxiliary pump
23 when it is receiving coolant below the first setpoint
temperature. resulting in the isolated loops mode of tlow
shoivn in lil(i. 5 When receiving coolant at above the
second setpoint temperature, valve 14 diverts coolant tlow
bctwoml branches to Ihc uilct ol'primary pump 12 as shown do

in FIG. 6. Thus, in thc mixed loop mode of FIG. 6, parallel
coolant floii is generated between primary hear exchange
components 13 and the elements of auxiliary branch B It
should be noted that the first and second setpoints of tlus
second embodiment are determined by an appnlpriate cali-
bration ul view oi thc particulars oi each uldivnlual vclucle
sv'stela. Bill lhcv lllav hdvc ihflcrclll values that fbr lhc ilrsl
embodiment.

Operation of the second embodiment shown in FICr'S. 4-6
is as folloivs. Starting with cold coolant, valve 14 is posi-
tioned to result in the isolated (dual) loops mode (lit(i 5) to
provide rapid wurming ol'hc passcngcr cdbm via auxihary
hcalulg device 25. No tlow occurs bclwcen bmnches A and
B via conduit 44 because of the conservation of mass and
because conduit 45 is blocked at second outlet 22 of valve

11
14 When coolant temperature 'I'A of the auxiliary branch 13

entering valve 14 increases above the first setpoint tempera-
ture. valve 14 gradually clrdngcs position until lhe second
set poml icmperaturc is reached. At that poull, valve 14 is in
a position to divert substantially all of the coolant tloiv Into
the mixed loop (single loop) mode which shares coolant ""

heated by primary energy source I I to both bnlnches A and
l3 Advantages of the embodiment shown in I'IGS 4-6
iricludc dclllcvlllg a f islet pcdk 0'fllcicllcv of plllllary cllcrgv
source 11 as well as the other components m prnnary branch
A, with a potential to pmvide lowered emissions, lower fuel si
consumption. and a lugher peak energy output while bal-
ancina performance to achieve at least a reasonably rapid

cabin heating. Eluuumtion of tlm check valve results in thc
lowest cost compared to the other embodiments.

In the embodiments shoivn in lqtiS. 1-6, complete
switclnng-over of thermostatic valve 14 occurs between the
first and second setpoint tenlperatures relatively quickly. As
temperature increases beuveen the setpoint temperatures, a
blended flow occurs tluii gradually changes characier
bclwimn thc isolated mid mixed modes. FIGS. 7-9 show an
mubodunent similar Io the lirst embodiment of FIGS. 1-3
v herein this transition is expanded using a dual-tempera-
ture-controlled and adaptive multi-way valve Thus. a valve
5U has a main inlet 51. a first outlet 52. a second outlet 53,
and a temperature-sensin inlet 54 Main mlet 51 receives
COO1BIII frolll prllllaiy CIICrgV SOUICC 11 havltlg 0 lcnlpCrdlilIC
TP. First outlet 52 is coniigured lo return coolant to Ihc same
bmnch (i.e.. primary heat exchange components 13) as is
connected to iniet 51. Second outlet 53 is configured to
direct cooLlnt to the other bmnch (I e, auxiliary pump 23)
than the one to which inlet 51 is connected. Coolant floiving,
iu mixiliary braimh B is diverted from the outlet of check
valve 30 via 0 conduit 55 lo Imnpcraturc-smisuig Inlet 54 so
that an auxiliary coolant tenlperature TA can be sampled by
valve 50.

lleavy lines in FIG. 7 shov coolant floiv in the isolated
loop mode when primary coolant temperature TP is less than
thc Iirst sclpoinl temperature. Coolant circulatcs within
pnmary branch A as a result of valve 50 directuig coolant
from inlet 51 to substantially only tirst outlet 52. whereby
coolant returns to primary components 13 via a conduit 56.
Within auxiliary bmnch i3. coolant from check valve 30
follows a bypass to temperature-sensing inlet 54 and is then
returned to auxiliary pump 23 by 0 conduit 57 1)om almond
outlet 53.

FICi. 8 shoivs a transitional or partial mixed loop mode in
which coolant received at inlet 51 from primary branch A is
directed to both outlets 52 and 53 in a relative proportion
determined by a ditference between printery coolant tem-
pcraturc TP and auxiliary coolant tcmpcraturc T.W. In ilus
mode, coolant continues to tlow through conduit 55 Io
maintain a balanced fklw.

When primary cooLant tempemlture TP reaches a second
setpoint temperature higher than the first setpoint tempem-
ture, valve SU moves into a condition in which substantially
dll coolant flou Bt Illlcl 51 ls ihl'cctcd Io sccolld oinlct 53 ln
thc mixed (single) loop mode as shown in FIG. 9.

Flow in the embodinlent of FICIS. 7-9 is equivalent to the
embodiment of FICIS. 1-3 except for the enhanced tmlnsi-
tional, partial mixed loop mode shown in iilti. 8 )&elative
flov betiveen the primary and auxiliary branches A and l3

dcTIcnds on a tempcralurc difli:rcnce ol'hc coolant entcnng
each rcspcmlive valve inlet 51 and 54. A prcli:rred embodi-
ment of adaptive thermostatic valve 50 is shov n in FIGS.
10-12. Instead of the typical plmse chan e material as may
be used in thermostatic valve 14. thermostatic valve 50 may
instead be based on use of matenals exhibiting displacement
thai is broadly proportional to ils Icmperdturc.

Thcnuoslalic valve 50 is shown in greater detail ui FIGS.
10-12. A movable valve element 60 is slidable within
orifices 61 and 63. Poppets 62 and 64 carried by valve
element 60 are adapted to be seated with orifices 61 and 63,
respectively. At one extrenle position of valve element 60
shown In FIG. 10, oniicc 61 is fully open while onlice 63 is
iiilly closed. Al Ihc other cxiremc posiuon ol valve elmuenl
60 shoivn in F IC). 12. orifice 63 is fully open while oritice 61
is fully closed. Intermediate positions of valve element 60
direct proportional floivs through orifices 61 and 63 to
outlets 52 and 53 as shoivn in I'ICi I I

In valve 50, elements Ml dnd M2 urc actuator cxpmision
elements, Kl and K2 describe springs ivith predetermined
spriag rates, 'I'P is coolmit temperature after the power plant,
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Kl ixI+ Intfi dh/I 1?'SLIP — ?IIIIII—

K2*i-x3+ tnt/2 dh?2 ITmzP — Th/21)l
XSP=

IKL+K2t

Sc

w ht:1 c.
Xl=uutial position ol spring cnd of Ml (Ml is actualor Si

expansion element in 'I'P section of coolant)
X2 final position of spring end of Ml

dnd TA is coolmit tcmperaturc al'tcr thc cabin heat cxclmnger
(winch is after the auxiliary heatiitg device). Due to the
acbon of flow divider 65, clement M2 is always roccivuig
coolant after the cabin heat exchanger
That way du ertcr valve 50 will adapt its position based on
H3/AC mrflow settings aflbcting coolant temperature. Malvc
50 conunually mlapts its position Io TP mid TA, including
changes based on power plant usage (e.g., ivhether in nn
aggressive or mild driving condition). The physical sizes and
positions of elements Ml and M2. springs K] and K2, and In

the specihc poppet valve design are tailored to avoid buck-
ling of the poppet valve/shafi fol nldxlnliun cxpBnslons of
both Ml and M2. Morcovcr, valve 50 is designed so that, if
failed snick in any position. there will always be flow back
to power plant. If the auxiliary heating device fails, floiv will
be diverted to the cabin heat exchanger when 'I P is stt)fi-
ciently v ann

llic spnngs provide forces such Ihdl a spring rale Kl
pUshCS biwnld IILC iuixixl (SlllglC) loop ulodc Bill SI Spllllg
rate K2 pushes towards the isolated (dual) loops mode. Tlus

20provides an offset calibratinn and is essential for anti-
buckling tiirce transfer. Selection of the actuator expansion
materials Ml (for sensing 'I'P) and M2 (for sensing TA) is
also a kcy I'actor for calibration. Thc cocflicicnt of thermal
expansion ol Ihc matcnal Ml can be chosen Io cxccmd Ihai
of the material M2 in order to proiide different valve -''
positions based on the magnitudes of both temperatures
together. in addition to the difference between Ixith tens-
peratures lior exantple. if the coetficient for M I i ~ designed
Lo exceed that for M2, Limn as both coolant temperatures
wdmi up. Ihcrc will bc an uicreasing tendency for the io
isolated loops to be converted to a mixed loop. This is useful
if one wants to desi~ for a bias towards a mixed loop ns TP
rises, especially if it is desired or possible for the maxinnun
vahie of 'I'A to be similar to the maxiinuin value of 'I'P. or
Other lcdsons Aiiotilcr tcclllllqUc Lo Bchmvc Ibis cfloct would 3(
bc Lo design Kl to cxcccx) K2. If the cocflicicnts ol'l and
M2 are designed equal, then the valve position will be a
function of the difl'erence beivveett both temperatures nnd the
differences of the springs mntes Kl and K2.

Starting with cold coolant, the diverter valve is positioned
Lo result in isolated loops mode as shown in FI(i lb. 40

Although subject to spccilic values of Ihc coiwlants Ml. M2,
Kl. and K2, genemnlly the valve position changes ns follows.
During transition conditions when tempemtures are chang-
ing (e a, durin power plant startup), a partial mixed loop
mode results as shown in 111(i 11 If'I'P warms up faster than
TA. Ihcn thc valve will Irdvc a tcndcncy to posibon Lo Inward
mixed loup mode (FIG. 12) If TA warms up faster than TP,
then the valve will have a tendency to position or stay in
isolated loop mode (FICi. 10) As TP and TA approach their
peak temperatures. typical design of factors ivill result in full
ntixed loop mode (I'I(i 12)

lilt: iltxlgn pdrtnllctcrs for Ihc valve inchxllll Ihc 1 lib ar
cocfficient of expansion for MI, linear cocflicmni ol expan-
sion for M2, spring rate Kl, and spring rate K2 nre chosen
to satisfy the specifications for any particular system.
Parameter selection is facilitated by inodelina valve position
accordin to the fiillowing equation (which is valid for cases
wit:lc Ihc vtilvc is iiot in dll cnd stop position I.c., onl)''hCI'C

lht: 1 illvC ls flodtlllg).

X3P=iinal valve position
X3 mitial valve position
X4 tinal position of sprina end of M2 (M2 is actuator

expansion elentent in 1A section of coolant)
Xfi=initial position of spring end of M2
LMl=initial length of Ml
LM2=initial Imigth of M2
AM i=linear coeflicicnt of expansion of Ml
AM2 linear coefficient of expansion of M2
Kl spring constant for spriim I in I'P section of coolant
K2 spring constant for spring 2 in 'I A section of coolant
TMI =initial coolant temperature of TP section of coolant
TMI P=final coolant temperature of TP section of coolant
TM2=itutial coolmit Lcmpcrature of TA sixbon of coolanI
TM2P=linal coolmit Lcmpcrature of TA sixuon of coolant

'I'his equation can be used to determine valve position for a
variety of changes to design paranteters under a variety of
coolant teinperatures for)A and I P sections of coolant. Note
that It is also possible to design the valve with nonlinear
spring rates, which would be a different equation

As a result ol thc arrangemmit of valve 50, isolated loop
mode will only bc comertcd Lo nnxed loop when Ihc
primary energy source coolant temperature 1 P is sufficiently
mann (i e, above the first setpoint) to result in flov: diver-
sion tnwards the cabin heat exchanger Should the primary
ener~ source coolant temperature later dmp (e.g.. due to
auto engine off in a start-stop engine, an extended idle, or a
hill dcsccnt), thc mixed loop w ill automatically convert back
to lsoldtcd lttops. ShoUkl Lhc pl1BLBrv cncrgv BUUrcc Lcnl-
perature TP later increase sufficiently (e g, due to resuined
driving, down-shifiing. or hill ascent), the isolated loops will
then be converted back to a mixed loop to take advantage of
that waste heat. One can also choose to set the upper coolant
temperature control limit for the auxiliary heating device
output to be lower Ilmn thc maxnnum cxpccted TP, so that
ai peak steady-stan: coohmt temperatures Ihe primary heat-
ing dcvicc coolant will bc serially dtrcctcxt to thc cabin heat
exchanger resulting in mixed loop mode

I'he embndiment of FI(i 7-9 utilizes a thermostatic valve
slightly more expensive than the first and second embodi-
ments. However, this enibodinient may provide fastest cabin
hcaung by diverting coolant for thc cabin heat cxclmngcr
bmed on the hottest nvmlablc coolant in real tune By usuig
a Imnpcra lure ihflcrcnce Io control thc relntivc flow bctw ccn
isolated and mixed modem the delivery of heat to the cabin
heat exchanger is automatically adaptable and optmiized to
difl'erent drive cycles and external conditions in which the
vehicle is operated. As in the first embodiment. in the event
of failure of Ihc auxiliary heating device, a warm coolant
flow will cvcntually bc divencd to thc heat cxchangcr once
the primary coolant Imnperaturc is sufliciently warm. Tlus
tlurd embodiment likewise achieves lower electrical energy
cmtsumption and better fuel economy by allowing the
auxiliary coolant pump to be turned ofl't higher coolant
temperatures.

WI1BI is CldllnCd LS.

I A heat Irdnslcr systmn for a road vclucle havut a

pmscngcr cabin, whermn a coolant circulatcs wifliui thc
svstem, cnmprising

a primary bmnnch including a printery coolant pump and
a primary power phsnt that heats the coolant to n

primary temperature, and wherein coolant is pumped
tluough the prmiary power plant by thc pruuary coolant
punlp;

an auxiliary branch including an auxiliary coolant pump,
mt auxiliary heat source. and a cabin heat exchanger,
v herein the auxiliary heat source selectably transfers
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heal to the coolani flow ing w itlun thc auxiliary branch,
wherein coolant tlowing within the auxiliary branch has
an auxiliary temperature; and

a mechanically-actuated thermostatic nnllti-v ay valve
bavin a valve inlet and first and second valve outlets,
ivherein the thermostatic multi-way valve directs cool-
dni from Ihc valve uilct to substimtially only Ihe lirsl
salve outlci when rimclving coohmt at below a lirst
tenlperature. wherein the valve directs coolant front the
valve inlet to substantially only the second valve outlet 10

when receiving coolant at above a second temperature,
wherein the second temperature is higher than the first
tempemture. wherein the valve inlet is coupled to
rcccive coolunt from onc ol'he primary brimch or thc
auxiliary branch, whereui thc lirsl valve outlei is con-
fiaured to return cooLsnt to the same branch as Is
connected to the valve mlet, and wherein the second
valve outlet is configured to direct coolant tn the other
branch to which the valve inlet is not connected.

2. The system of claim 1 wherein the primary branch 10

includes pnmary heat exchmigc componcnis coupled in
scrws wilh the primary pump and Ihe prnnary power plant.

3 1he systenl of claim 2 wherein the primary heat
exchmige components mclude a radiator.

4 The system of claim 2 ivherein the valve inlet ls
coupled to the primary branch to receive coolant after being
heated by the primary power plant. wherein the first outlet
is coupled io tlm pnmary heal exchange components, and
w barmn ihe second oullcl w coupled lo the auxiliary pump.

5 'I he system of claim 4 wherein the auxiliary bnsnch 10

further includes a check valve with an inlet receiving coolant
fmm the cabin heat exchanger and an outlet delivering
coolant to the auxiliary pump.

6. The system of claim 5 wherein the themiostatic nnilti-
wdy valse ls a dual-lempcmture conlrollcd valve furlhcr ls
IBCllallllg d IClllpcranll'C SCIISlllg lnlCI ICCClvlllg Coolilll! flout
thC ChcCl valvC Bill ICIUmulg 11 Iu flu: BUXlilary plllllp,
wherein lhe thermostatic multi-way valve directs coolant
received from the pnniary branch to both the first and second
outlets in a relative proportion determined by a difference do

between the primary temperature of coolant entering the
1 elve uilel and an auxiliary lcmpcralure ol coolanl cnteung
lhC IClllpcIBIUI'0 SCIISlllg lllh:I.

'7. Thc system of claim 2 wherein thc valve inlet Is
coupled to lhe auxiliary branch to receive coolant front the
cabin heal exchanger. and wherein the second outlet Is
coupled to the primary coolant pump.

8. The system of claim 7 wherein the first outlet is coupled
10 thC IIIIXilltiry pulllp.

9. The system of claun 7 wherein thc pl1BIBry cooiBlll
pump rcwcives parallel coolant flows 1'rom ihc prunary heat
exchmige components and the cabin heat exchanger v hen
the valve directs coolant to the second outlet.

10. ik method for providing heat transfer in a road vehicle
having a passenger cabin. wherein a coolant circulates s.
w ilhm lhe syslmn, lhc method comprismg lhc steps of:

pros iding a pnmary branch includm a primary coolmll
pump and u pnmary power planl die i hwsm fllc cooldlll
10 a primary temperature, and wherein coolant Is

pumped through the primary power plant by the pri- ic
mary cooLant pump:

providin an auxiliary branch including an auxiliary cool-
dnl pump, un auxiliary heal source, mid a cabul heat
exchanger, wherein the auxllmry heal source selcctably
Irmisfbrs lmdt lo Ihc coolanl flowing willun Ihc auxil- ss
iary branch, wherein coolant flowing within the auxil-
iary branch has an auxiliary temperature;

coupling Ihc pnmary and mixiliary branches togclher via
a mechanically-actuated thermostatic nudti-way valve
liavuig a valve inlet and lirsl and second valve mnlcls,
wherein the themlostalic multi-way valve directs cool-
mil from Ihc valve uilcl lo substuntially only thc firsl
valve outlet ivhen receiving coolant at below a first
temperature, wherein the thermostatic nnllti-way valve
directs coolant from the valve inlet to substantially only
the second valve outlet when receivin coolant at above
a second lempcralurc. wherein Ihc second lcmpcralure
is higher than the first temperature, wherein the valve
llllcl ls coUplcd ni rccclvc cooldlll from otic ol fllc

primary branch or lhe auxihary branch, wherein the
first valve outlet is configured to return cnolant to the
same branch as is connected to the valve inlet. and
whcrcin Ihc second valse oullcl is configured lo dlrecl
coolant 10 ihe other branch to wluch thc valve inlet is
not conniwtcd,

circulating the coolant separately as isolated loops in the
primary branch and the auxiliary branch when coolant
receil ed by the valve inlet is below the first tempera-
ture: and

CIICulallllg thC Cixihllll BS d IIIIXCd loop ln lllC prlllldiy
branch and the auxiliary branch iogcthcr when coolanl
rcceivcd by Ihc valve inlet is above thc second tem-
perature

11. 111e method ofclaim 10 further comprising the step of
circulating the coolant as a partial mixed loop in the

primary branch and the auxiliary branch to ether when
coolant rcceivcd by Ihc valve inlet ls bctwccn Ihe firsl
iclllpclillUIC. Blul lllc sccolli! IclllpcrBIUrc.

12. Thc method ol'claim 10 whercui Ihe pnmary bmnch
includes priinmy heat exchange components coupled in
senex with the primary pump and the primary power plant

13. The method of cLaim 12 wherein the pnmary heat
exchan e components include a radiator.

14. Thc mclhod of claun 12 whcrcln thc valve info»s
coupled lo lhc primary branch lo rccmvc coolmit sflcr beulg
hcalcd by thc pnmary power plmll, whcrcui flm lirst outlcl
is coupled to the pnmary heat exchange components, and
wherein the second omlet is coupled to the auxihary pump

15. The method of claim 14 wherein the auxiliary branch
further includes a check valve with an Inlet receivin coolant
from flm cabin hwil exchanger and un outlcl delivcnng
coolBI11 10 Illc Biixlllarv'Ulllp.

16. Thc method ol'laun 15 whcrcin thc thcnnostallc
multi-way valve is a dual-tenlperature contnilled valve
further including a temperature sensing inlet receiving cool-
ant from the check valve and returning it to the auxiliary
pump„wherein the thernlostatic multi-way valve directs
coolant rcccived from Ihc pnmary branch to boih the firsl
and second oullels in a rclalive proportion deicrmuied by a
diffcrmicc bctwcan ihe prmiary tempcraturc ofcoolmit cnier-
ing the valve inlet and the auxiliary temperature of coolant
entering the tenlperature sensin inlet

17. The method of cLaim 12 wherein the valve inlet is
coupled to the auxiliary branch to receive coolant from the
cabin heat exchan er. and wherein the second outlet is
coupled lo Ihc primary coolanl pump.

18. The method ol'laim 17 whcrcui thc firsi outlet is
coupled to the auxiliary pump

19 l'he inethod of claim 17 wherein the prunary coolant
pump receives parallel coolant fkiws from the prnnary heat
exchm e components and the cabin heat exchanger when
the valve directs cooLsnt to the second outlet.
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