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- AND AFTERCOCLER [0001] This applicati on claims the benef MI“WHIMHMM“I
provisional Application No. 61/194,103, filed Septenber lch is

i ncorporated herein by reference for all purposes. [0002]

i nventi on M X¥Y44nerally to an ai r(iraft power pl ant PR §%{’I°9/$Péi"i'dgerrent
systens and, nore particularly, to an'aircraft powerplant configured to use
a vaporized cryogenic liquid fuel to cool various conponents using -

bel ow anbi entOLEPEE COOLNGADF INFERCEONER ANDHAF TEMEGODRR 0 [ 0003]
Aircraft powerplants typically need to consune anbient air. for the oxygen
to react with the hydrogen fuel. At high altitude, air is very lowin
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usabl e in a power pl ant e power require hi's conpression can be a

si gni fi En194188¢ |ﬁjadoSelm%mgeo 23012008, whieh isf indosporated pherain by it is
irrportagé § 15 m mze the power needed for conpression so as to mnim ze
the inp {er Hc%v%rr P %eém efficiency. [0004] Air pressurization for

i nternal conbustion engines is nost efficiently acconplished using one or
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BACKGROUND OF THE INVENTION

10 [0003] Aircraft powerplants typically need to consume ambient air for the
oxygen to react with the hydrogen fuel. At high altitude, air is very low in
pressure and density, and must typically be compressed in order to be -us_able
iin a powerplant. The power required for this compression can be a significant
fraction of the gross output power of the powerplant, so it is important to

15 minimize the power needed for compression so as to minimize the impact on
overall system efficiency.

[0004] Air pressurization for internal combustion engines is most efficiently

accomplished using one or more turbochargers. A turbocharger is a

combination of turbine driven by engine exhaust gases and an inlet air
20 compressor driven by the turbine.

[0005] In the case where the powerplant is based on a hydrogen internal
combustion engine, the air-to-hydrogen mass flow ratio is typically about 70:1. -
The engine torque is approximately proportional to the amount of hydrogen
burned per engine revolution. The amount of air taken in by the engine is

I
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WO 2010/ 074694PCT/ US2009/ 005314 2 proportional to the density of the air
fed to the intake mani fold. Thus, achieving a desired torque |evel requires
achieving a certain intake air density. [0006] Air density is proportional
to pressure divided by tenperature. The requisite density can be achi eved
by any of sWP2&W0Hbnbi nati on of preiure 5 and t enperRETYRIARIGher

t enper at ure neans hi gher pressure is eded to achieve a desired density,
thus, it i.s known to use an intercooler (e.g., a heat exchanger after the

first of Ptmrﬂ@ﬁﬂr &5 SPeS HehSitg A1 1178 rairffe@" o the' fitak® "MBARSION, TRaS, an -~
aftercooler (e.g., a heat exchanger after the second conpressor) to cool it

agai n af aehiexing-2 desired tprquesievel requiresGthieving ancertaiafintakei aiedansityol i ng
these coolers are, the less energy is expended in conpressing the air.

- However, extensive air cooling devices may cause a pressure drop,

count er afQ0Q€] t dr density iss podpartionabteppressure divided by teraperatureablThet o

e 7 AT SebRe 8RR achlenly B . mh s B op o e
| Nt ers00LRY tempeiafiig 874 MYIEr fenpdratdretmeans!if ﬁé_‘PFF‘%su?é@%?HHH%Of the
[ Ras %XI sted a need

surrounding air. [0008] Accordindgly, there or an
ai rcr af t aphigue @ dasired density, thusyitde kmowr to useiar intercooter (eggt @ heatpr essed

air, and_to: other deviges negdi efficient cogling. Preferred embhodi ments
o " the pPESAGHT AR | B ABSERT Ivp cBuesmaSS I rcomleay R Br diske
further &sﬂr@?@%i@ﬁ,vaﬂaasﬁsaﬁéeWY(s. .,Té*%éahNéhEHéF'}#e[rOQR@ﬂ thd S6-onaus
enbodi nents, the Eresent I nvention sofves sonme or a of the needs

ment i one€OBEPEEISOrptd eedlitiagainmftera aecomdheompressioghl y ef fici ent cool i ng
system : _ :

10 [0007] The more effective at cooling these coolers are, the less energy is
expended in compressing the air. However, extensive air cooling devices may
cause a pressure drop, counteracting the benefits of the compressor. Thus, it
is desirable to maximize the cooling capability of a cooler while minimizing its
pressure drop. Typically, the temperature of the coolant used. to cool an

15 intercooler or an aftercooler is limited to the ambient temperature of the

 surrounding air. |

[0008] Accordingly, there has existed a need for an aircraft powerplant that

can provide highly efficient cooling to compressed air, and'to other devices

needing efficient cooling. Preferred embodiments of the present invention
20 satisfy these and other needs, and provide further related advantages.

SUMMARY OF THE INVENTION

[0009] In various embodiments, the present invention solves some or all of
the needs mentioned above, offering a powerplant héying a highly efficient
cooling system.



WO 2010/ 074694PCT/ US2009/ 005314 3 [0010] The powerpl ant of present

I nvention is configured for use in a range of flight conditions, and
typically includes a power converter, a cryogenic source of fuel for use by
t he power converter to produce usable energy, a fuel heat exchanger, a
source of MEWOYE4Ddre oxi di zer for uge by the power 5PEBVS0VS3145 fjr st
conpressor for the oxidizer, and a fiMst-conpressor heat exchanger. The
fuel source is configured to provide the fuel at a tenperature bel ow

anbi ent ra il [ id : eat
exchangxgpelirglaco-ir;!:'|é§)u?)rv‘§el%lfmp E%ﬁt@aﬁ'%? E@} ﬁ;vre E#hbtﬁ plée CP ﬁgguééodafac-eqs-g;ﬁ]dé? ﬁgggby cool
a cool ardf flight eunaitions, eamd | typically imchidest at poper atomerter) 4 @pydgertine way
to efficien?l gj}gi eve bett tlrwnintgrcool er ng aftercooler cooling,.i§ by
using a SOWeR P B fan tise R e RRWET.SPgVeertor prosuSe il SHPTa A 8l hanger
Is confi € _ b: ) LNk~ L ehal e t he
fuel he%x%‘g%g - t?ggg‘fe%ﬁ%ﬁgﬁgﬁgge‘sr&#n?gfp?eﬁi aqreﬁgﬁeﬁ?iqﬁs@t pégvr?gr essor
and bhe qomwerter,0avfirst asorapressor er dhiedogidizer] @andoat first-Cunspresspr heates f or
a reductioHai n thg_npower consuned by the air conpressi on systemfor a high

al ti t ud&Xchgnaer- Jheruglsedicea sLonigured i9 dreyes thaduehat ajtempsrakie of f
froma 'Uéib\!v‘!arﬁ?ﬂéh?@@rﬂgb?étﬁre%(/gwfé raride ﬁ ﬁiyhf €8H8itonk! %é)flfe‘lg’ré’a?
conpressor Is also used, the colder air educe I1ts corrected mass

f1 ow, rexechanger isscoofiguredetodseatfilied from theifael sourcesapdttherdbiscobkae is a
20 uni que %égz bet ween the cooling needs of an intercooler and the

war mi ng G908 mperalide below the ambignl temperatuy@ser pl ant typical Iy further

includes a second conpressor intermediate the first-conpressor heat
cecdld- SORETES<BRel Web e eHiFiantyaptieve; bager daisbedier candi AETcoRlsh
Lo SRR LY (RinG X RARR cOULRL natolsll, MBS &
t he fuelheataexehangergyds aonfigarexlibtoanisesnthet ecqudant ate.thét subeammbidnd
oxi di Zerferirl%te?erltﬁ?g ifr%trﬁa trtuQ ?uesl%eoaqdex%ﬂgﬂag? (9 E:ogln t?!ne oxidizer intermediate the
first compressor and the power converter along the oxidizer flow path. This
16 provides for a reduction in fhe power consumed by the air compression
system for a high altitude engine, such as one that burns hydrogen gas that is
boiled off from a liquid hydrogen tank. Moreover, if a subsequent high-
pressure compressor is also used, the colder air will reduce its corrected mass
flow, reducing its power needs and/or its size and weight. Thus there is a
20 unique synergy between the cooling needs of an intercooler and the wérming :

needs of the hydrogen fuel.

[0012]) The powerplant typically further includes a second compressor
intermediate the first-compressor heat exchanger and the power converter,
along the flow path of the oxidizer. The second compressdr is configured to
25 further compress oxidizer frorh first-compressor heat exchanger prior to use
by the power converter. A second-compressor heat exchanger is also
configured to use the coolant from the fuel heat exchanger at the sub-ambient
temperature. It cools the oxidizer intermediate the second compressor and
the power converter along a flow path of the oxidizer. This reduces the



t he power converter along a flow path of the oxidizer. This reduces the WO
2010/ 074694PCT/ US2009/ 005314 pressure required to achieve the desired
density of air fed to the engine, and thereby reduces the conpression work -
requi red. Thus there is a unique synergy between the cooling needs of an

af t er cool erWaAMIOHEMvar mi ng needs of Ef?e hydr ogen fuel .PGI/UQRUWIBIS3FO aid in
| owering the tenperature of the coolarft, a ramair heat exchanger upstream
of the fuel heat exchanger is configured to cool the coolant to a

t enper at gressup@reqGiréd' %6 athmR ﬁi@aﬁﬁked aaﬁgggbwaﬂ»f fHe &AGinca@nd  heat

exchanger includes a front ramalr heat exc ger and a rear Tamair heat
exchangethetteby sredaaes dhet bermpressionawoek regained.10 Thushthegerisabouniquer am ai r

passageway. The front ramair heat exchanger is downstream of the rear
Famarr NeroY,bemRge thd coring REsHS OF RaddRicoRlSs) A thes AErTuNg,essBh ¢ hat
- the frongf fiaMrbgBR3lieexchanger is configured to further cool cool ant

received fromthe“rear ramair heat exchanger. [0015] The cooling system
i ncludes three cooling loops with thermal | oads. 15 These three | oops

respegti {Oﬂ%]i NqYy BRY M EfoﬂBhMgtt'hl% férﬁ%éra‘?&fé bPrtheloéBcMa 1% rr?fﬁ-al?%é%:t?“ and

both portions of the ramair Tool er. Advantageously, this efficient
al | ows fexchangereapstsearks ofirthe sfuel desatt exchangereisi sonfigiiredo éstcaad nther at ur e

ranges, while, sharing the rk for cqolant flo of a simlar tenperature.
20" 001 efORPRER 3 S Betaltss Hiatds Mt ARey M bIed ORI AP 1 bocome
apparent fromthe follow ng detail ed description of the preferred
enbodi e 4yt aken with.the acc anyi.n rawi pgs, which il]Justrate, by way
o exanpitOT4l 2 THE eh Ai8Sar SretiEnaRrandudrs BREnuer A heabs¥siandsr, ot
particul ghd P4 [7-Xa Ry [quz(tcﬁ I ' ) bui | d
and use an eanfggrrr@ﬂ% %Eftgﬂg? t he Fﬁggﬁm%ﬁ&g?%ﬁngrvtﬁgt@Q@‘gh&tnoéﬁfiltr‘né)att t he
enurid} at exchangerslong@a ramiair passageway. iThecfroptiraro-aieheat excpangeércis! ar
exanpl es of the clai r’rﬁ\d i nvention. WO 2010/ 074694PCT/ US%OO /005314
downstream of the rear ram-air heat ‘exchanger “along a heat-exchanger
coolant passageway such that the front ram-air heat exchanger is configured

to further cool coolant received from the rear ram-air heat exchanger.

[0015] The cooling system includes three cooling loops with thermal loads.

15 These three loops respectively incorporate only the front portion, only the rear
portion, and both portions of the ram-air cooler. Advantageously, this
efficiently allows for the heat sinks and sources to operate in their best
temperature ranges, while sharing the work for coolant flows of a similar
temperature.

20 [0016] Other features and advantages of the invention will become
“apparent from the following detailed descriptidn of the preferred embodiments;
taken with the accompanying drawings, which illustrate, by way of example,
the principles of the invention. The detailed description of particular preferred
embodiments, as set out below to enable one to build and use an embodiment

25 of the invention, are not intended to limit the enumerated claims, but rather,
they are intended to serve as particular examples of the claimed invention.



5 BRI EF DESCRI PTION OF THE DRAWNGS [0017] FIG 1 is a system|layout of a
power pl ant two-stage air conpression systemfor a first enbodi nent of a
power pl ant under the invention. [0018] FIG 2 is a systemlayout of a
cooling systemfor the enbodi ment 5partially depicted in FIG 1. [0019]
FIG 3 is ¥WOWi/EM% ayout of a powerphant t wo- st age ai PCEYRPPEYSIAN system
for a second enbodi nent of a powerplart under the invention. [0020] FIG 4
is a system |l ayout of a cooling systemfor a fourth enbodi ment of a

power pl ant- under the B'F(‘IEF"DiE‘fSCR IK?Q@#T'H@DIQAVWI\HBSYStem | ayout of a
or a fi

portion of a cooling system th enbodi nent of a powerpl ant under
the invention. [0022] FIG 6 is a system|ayout of a portion of a cooling

system f Vagjcat 4 ' | 3 : dially
depi ot ed0 1T I Bn RvtelR Bl ol eGEB bt oA R IR S 1

[ 0023] Bystem femna ficst embodimerntdofab powespldntishdeetheinventioenuner at ed cl ai ns
may be better understood by referring to the follow ng detailed
description, which should be read with the acconpanying draw ngs. This

det ai | eJ00t8kr i pKG.02 isfa sgstam Uayoutpof becoalhge spstemniorn theoembodimentnt i on,

set gut bel 0 epapl e_agpe to build and use particular inplenentations of
the 20 H?v"@& é)?P'cteéP'Ho'ﬂér"-n“(-ended to linmt the enunerated clains, but
rather, it is intended to provide particular exanples of them WO

2010/ 074&84 CT/ US2009/ 005314 6 [0024] Typical enbodinents of the present
i nventi 6801¥ki delG-3 magystemrlay r IPMerplant fwerijage R EOMPERRAIPR 1 |
such as | | ' ' ' : 0. produce ener gy
froma Ts gg*éngﬁﬁr%%bgéﬁ%@é&[ﬁh&;ﬂgig%gpr)%\fvgﬂﬁtlantzlé@&%ffth%:)’ih g g{g';(gn't ur bochar gi ng
system i ncl udi ng an intercooler

[0020] FIG. 4 is a system layout of a cooling system for a fourth
embodiment of a powerplant under the invention.

10 [0021] FIG. 5 is a system layout of a portion of a cooling system for a ﬁfth
embodiment of a powerplant under the invention.

[0022] FIG. 6 is a system layout of a portion of a cooling system for a
variation of the fifth embodiment of a powerplant partially depicted in FIG. 5.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

15 [0023] The invention summarized above and defined by the enumerated
claims may be better understood by referring to the following detailed
description,  which should be read with the accompanying drawings. This
detailed description of parﬁcular preferred embodiments of the invention, set
-out below to enable one to build and use particular implementations of the

20 invention, is not intended to limit the enumerated claims, but rather, it is
intended to provide particular examples of them.



5 and an aftercooler. The powerplant is provided with a cryogenic fuel
source (e.g., a cryogenic hydrogen tank) providing fuel for the engine at
bel ow anbi ent tenperatures. [0025] A powerplant cooling systemincludes a
fuel heater in the formof a heat exchanger configured to heat fuel from '
t he sour ce W9 241/87146%4and to cool a 10 %ool ant to a t enpdCIUSRWIPNAL i s bel ow
the anbi ent tenperature. This provide® for the coolant to be used to by the .
i ntercool er and aftercooler for significant cooling wthout causing a

signific re Hbq.i | t: eSS eded by
t he conp?gggrsq.gp rdté#\grﬁ@v\%dltur tggﬁa{h%gpﬁﬁéégfe 15 |6§§§fqﬁhgﬁﬁﬁl€?lﬁts of :
reduci ng%o?erpia@iincﬂddi_c‘agrmr pﬁW&Unc'omm'tb flera.ramhﬁc'dsi mﬁimtedhalecbmbur?ﬁoarﬁy ihs
extracted fromthe engine exhaust by oW ot _exhaust gases t ugh the
Tt by e ShGIfBotal is REMTGUSSRAPEIUES GHATgY JraiRiBe| (B posidizer-aThge. t he
conpr essg f i [/Si c | ess
pover - neefiatiCases 18 18 FtEGE AERTRIGRY Spstet Mqined g RtercbgRE no
that & heammramLaﬁemopmur'E??qil;ivmia'pvddtlis%lq_ﬁoyidelﬂlrwithmicgybw fumﬁll sourge Eack
pressure, to the engi ne e |lower. Typi-ca -5 pisa | ower intake
br ossur d69 A GPdaRIENYPragen tamldl proviEme: fudletar tfie fangine ot bR ased
di fferen%bhﬁ{t\t@ﬁ@e}é}g{é’%}t ake and exhaust pressure of the engine.

a

D fferences between I n e and 25 exhaust pressure account for the punping
|l oss (which is a torque | oss when exhaust pressure is greater than the

pr easar SUPRSY ol Bow BT R sf Bt Ihoidués L B bt 8 i ed
conpr es sheatpexahanger cogfigured to heat fuehrar the0soLied RETuES 2Pt 0684 7
10 coolant to a temperature that is below the ambient temperature. This provides
for the coolant to be used to by the 'intercooler and aftercooler for significant
cooling without 'causing a significant pressure drop, thereby reducing the
compression power needed by the compressors of the two turbocharger

~ stages.

15 [0026]) The benefits of reducing the required compression power are
realized indirectly. Energy is extracted from the engine exhaust by flowing hot
exhaust gases through the turbine stages of the turbochargers. This provides
the pdwer to drive the compression stages. If the needed compression power
is reduced, then less power needs to be extracted by the turbine stages. This

20 in turn means that_ the turbine pressure ratios will be lower, and consequently
the back pressure to the engine will be lower. Typically a 4-5 pisa lower
intake pressure is anticipated.

[0027] Reduced back pressure means an increased difference between the
intake and exhaust pressure of the engine. Differences between intake and
25 exhaust pressure account for the pumping loss (which is a torque loss when
exhaust pressure is greater than the intake pressure) or pumping gain (which
is a torque gain when the intake pressure is gréater than the exhaust
pressure). Thus, reducing the required compressor power through the use of



hydr ogen- cool ed cool ant results in a reduced back pressure, and thereby, a
torque gain of the engine. [0028] POANERPLANT TWO STAGE Al R COMPRESSI ON
SYSTEM [ 0029] Wth reference to FIG 1, the powerplant of the first

enbodi mrent 5 includes a power generation systemincluding an internal
conmbust i on WYW4@Agi ne 201 that dri wes a generator 2 PET/USHOYPASMnat | ve
enbodi nents the power generator coul d‘be an engine that directly drives a
mechani cal system such as a propeller system or a fuel cell. The

power pl yid @béﬁucb@féwéeélaa\t%aawlm %/ﬁécﬁme%bﬁewfpreyé@é gpdcgreBy, Ahe
operation of "the powerplant over an 10 envel ope of operating conditions

(e.g., domqueagaimmfthefengimer generation requirements), over a range of
operatl ng conditions (e.g., tenperatures and pressures throughout the
power pl ant), and over a range of anbient conditions that can range from
sea- Ieve[DOQB]T‘pePQWE&DIa‘hNTpT\A@-ﬁTMECNR CAMPRESSIONGUSTEMS. 15 [ 0030]
As an oxi di zer, the engine uses anbient air received in a first air scoop
301, and that is first conpressed in a first-turbocharger conpressor 202
and cool[6028}h aWitmtreferencerto2Bl&;. dndhe hmwemhmteef;ékﬂeifushembodiment

seco d-t.urb char ger co res or 204 and Ied I n.an agftercooler 2 5 Engi ne
exhads: elgss:R powss,ganeabon; systed noiifing an hiimal apbitionpsts

parti cul Wé? r P56
second- tet’ﬂ ide ggﬁgre@ﬂteﬂvg? %e 71, 55% ch2 dfrhlt%Igﬁtghggsecon(ghﬁ}%&%gpggrr

conpr es sggnetamr coutd beeamn engleaethgt directly drives aumbobaricgkesystembsueh @8, whi ch

at hﬁiﬁhé%‘%r%élf%o%f%%&]"f‘%r chiel il oL powe %ftﬁaégaﬁﬁé'ﬁﬁseé%ic“%h& oo

the exh S5 5%61@@ urdBdtd tntleY thet 8p él'%ildnublP'tﬁésﬁ ¥Edlant over an
2010/ 074 4PCT/ us20 005314 8 carry the heat fromthe conpressors to the

i nt d0cocnvelqEs afndperfatiege OOhdItIOﬁSS(e ghi aven antange ofi power cgerierption  of
t hese power pl ant

t hat heat, but be cooled,. To efficie tI 00l 0
componerPaurEmeRlidvr i Finds clRparaing pndits fo-ol B RbstatiRs Bilas o
cool i ng ﬁé§§ﬁ@sttﬁfdt%lﬁﬂjtttWerb% cf 6%:6@%%& 'o?%?nt‘ﬁ‘ehf‘c@ﬁ‘dlﬁf)ﬁsc' ent

| evel of cooling. [ I NG SYSTEM [ 0033] In"the follow ng description
consecutthat caefmecf;onmmma} &empecatures and pressures to stratospheric

conditions.

15 [0030] As an oxidizer, the engine uses ambient air received in a first air
scoop 301, and that is first compressed in a first-turbocharger compressor 202
and cooled in an intercooler 203, and then compressed. in a second-
turbocharger compressor 204 and cooled in an aftercooler 205. Engine
exhaust is used to power the first and second turbochargers. More

20 particularly, the engine exhaust is first used to energiZe a second-
turbocharger turbine 71, which drives the second-turbocharger compressor
204, and then to energize a first-turbocharger turbine 73, which drives the
first-turbocharger compressor 202, before being exhausted to the atmosphere
75. Optionally, an afterburner 77 may be used to add energy to the exhaust

25 stream, and thereby into the turbines.

[0031] The engine 201, the first compressor 202 and the second
compressor 204 are all significant sources of heat. Compressed airstreams



to represent system conponents of simlar types. For exanple, reference
nurmeral s 111-113 represent various portions of a hydrogen pathway. 10

Ref erence nunerals in the 100s represent various pathways. Reference
nunerals in the 200s represent various heat sources and heat sinks.

Ref erence nWREPHI046PH t he 300s represent sources and siPKEUBHIPHFIEL ances,
such as air or hydrogen. [0034] The er@i ne 201 of this enbodi nent uses a
hydrogen fuel and, as 15 previously noted, anbient air as an oxidizer. Wth

referenceafr) theGhest fréfn @ﬁ@?@dgﬁﬁféésBFsdit&%E%tér@éﬁﬁ{@l%?Ngfﬂftﬁgfdolérr om t he

first air stoop 3%1 IS receiv In a conpressor |
first-tu20bcwhichereraowerae sigmifice parhef thatteatybbbotustdertunpbpreoaled. punps
once-conpressed air intg, a once-conpressed air passageway, 102, whi ch | eads
to the i Peﬁgﬁzb?’ily f@@s ﬂf'ﬁ§929°W#fB|?BbcH%PPQWt§' t"‘ﬁ‘é'qgn\?’éDCB cHelm® air
using a t [ Il 0 | LI @, whi ch
'he power Cond; cbda, thes BaNerlant ridk FCE0find SRt ABRATHY i g
substant differentodevigesibiithi ary efficidrtuevelaafdonting. si gni fi cant pressure drop.

[ 0035] Once-cooled air energes fromthe intercooler 203 and passes 25

t hrough a once-cool ed air passageway 103 to the second-turbocharger

conpr essf0032]4. COOLINCOSYSTIEEMochar ger conpressor punps tw ce- conpressed
air into a tw ce-conpressed air passageway 104, which |leads to WO

2010/ 074694PCT/ US2009/ 005314 9 the aftercooler 205. Simlar to the

i nt er coo[@033]t hén dhe éollowihgrdesariptiohlubrisecative oefierersce dumibers sre wisedc ool ant

that is substantial-ly, colder than the anhient air in which the _power plant
P oper ald AEPrEREnF SYSIETE HATIPORRGIBF STBlleH PRGSOy EXampIE raprence ©

Twi ce-co el ’_ S e\, ak C 203 an e gh a
tw ce- cogpgg;@i%r gggggge&%@%épt%géé\g n'lg@ttﬁbﬁ ﬁie%eﬁala r';gagﬁl.%aimw'
10 Reference numerals in the 100s represent various pathways. Reference
numerals in the 200s represent various heat sources and heat sinks.
Reference numerals in the 300s represent sources and sinks of substances,

such as air or hydrogen.

[0034] The engine 201 of this embodiment uses a hydrogen fuel and, as

15 previously noted, ambient air as an oxidizer. With reference to FIG. 2, as
previously indicated, incoming ambient air from the first air scoop 301 is
received in a compressor inlet 101 of the first-turbocharger compressor 202.
The first-turbocharger compressor pumps once-compressed air into a once-
compressed air passageway 102, which leads to the intercooler 203. The

20 intercooler cools the once-compressed air using a coolant that is substantially
colder than the ambient air in which the power plant is operating. This
extremely cold coolant provides for a substantial cooling ability without
causing a significant pressure drop.

[0035] Once-cooled air emerges from the intercooler 203 and passes

25 through a. once-cooled air passageway 103 to the second-turbocharger
compressor 204. The second-turbocharger compressor pumps twice-

- compressed air into a twice-compressed air passageway 104, which leads to



[ 0036] The hydrogen fuel for the present enbodinent is boiled off from

l i quid hydrogen in a cryogenic hydrogen tank, and is extrenely cold (on the
order of -220C). In order to be conpatibl-e with typical hydrogen fue

i njectors, 10 the hydrogen tenperature nust be raised by about 200C up to
about - 20CWOrHANAE needed t o marn1tge hydrogen can r E&d{USFOHROSr | ved
fromwaste heat fromthe engi ne. Thi s®Ywaste heat can be tapped at several
different locations in the system Sonme points for extracting waste heat

have syng ?%f@rb&oll%f" Dok tslh rhifkRr tortﬂ%qhterééel@rtfh% éﬂﬁg@h@g Jold e twieel he

hydrogen from 15 one of e waste heat sources. enefits can inprove
t he overczdmpmsedmnusmgfa cdmlapbmatm; substantiGBy Lolder dham thé ambienbair

cryogeni.c h ogen from drogen source 302 such, as a, cryogeni,
pasens irUh Then PRSI AITH Bt OReTALNg; BoRn. AWl Hpe& Oﬁyamg%n bifeantoos
The 1 1 Sirobyd0grap hoavibeieRien 6P GbFAY draelhdaser2BoltRog05oaha

hydr ogerl energes fromthe first hydrog passes through a
oncebhegasdes\thraggm al twiee-tbdléd air passagévm,drlosan hrdnlet of Qe ergineecond
hydr oge%eat er again heats the once-heated hydrogen gas. Advantageously,
“the sec hydrogen heater can be used by the control systemto provide
adequat e hydrogen heating (such that the 25 injectors will operate

BiSS?&'ey[bnhElfi B8 MTORBRCtHE 5 thEchreeatt (erabaRiatent i BRIGR AL SR ar ogen

ﬁgg;gSZn X ne&QPOZ?%FWﬁP e?ggﬁ?n%%vm l’m?e?\g%ﬁ%ﬂg(ﬁ?& %‘i’hé‘eat ed

2010/ 074ﬁeepcw¢2mp9mm14o e d;m}ﬁﬁallblawnhngymoaletnydragendpek injeators, t he

engi,ne 1 a_an .engi ne- cool an heat ha

1P 4BC, 108 hidkPadh BRTHsTeEs, moBb be Jaisadh BY AR 0N U5 pboyt 120Fe

second- t neRd l(!lpa?ﬁp cRe! Al S

pot ent i ﬁe{l)ﬂgggst antelagfag eat E%@U?Q/ggdg%gzl ti oré(ﬁyhggtdaénvs%gﬁ?rges r%?;[/él ncl ude

t he gendreatdroplthe engdinear ithis wagteohdat 228 b&dapped ali several difigremd

carryi n(‘?ocatlons in the system. Some points for extracting waste heat have
synergistic benefits that result from the transfer of heat to the hydrogen from

15 one of the waste heat sources. These benefits can improve the overall

efficiency of the powerplant.

[0037] Incoming boiled-off cryogenic hydrogen from a hydrogen source 302
such as a cryogenic tank passes through a hydrogen input line 111 to a first
hydrogen heater 206. The first hydrogen heater heats the cold hydrogen gas.

20 Once-heated hydrogen emerges from the first hydrogen heater 206 and
passes through a once-heated hydrogen line 112 to a second hydrogen
heater 207. The second hydrogen heater again heats the once-heated
hydrogen gas. Advantageously, the sec_:ond hydrogen heater can be used by
the control system to provide adequate hydrogen heating (such that the

25 injectors will operate properly) in situations where the intercooler and
aftercooler do not provide enough heat to adequately heat the hydrogen.
Twice-heatéd hydrogen emerges from the second hydrogen heater and
passes through a twice-heated hydrogen line 113, which leads (not shown) to
the engine 201.



[0039] In addition to the first hydrogen heater 206 and the second hydrogen
heat er 207, other significant heat sinks include a front ramair heat
exchanger 211 and a rear ramair heat exchanger 210. Il ncom ng anbi ent
ramair froma 10 second, ramair scoop 303 is received in a ramair inlet
121 of the WP3HOOT4M ai r heat exchanger 211. Once- heat RETAIS208/8¢53kes from
the front ramair heat exchanger 211 4Ad passes through a once-heated
ramair passageway 122 to the rear ramair heat exchanger 210. Twi ce-heated

air ener ro ' >ad 1R S 8S gh a
i cor el amiit pEWerRi Sperstl, (It 20d Nideh digneRddaf” ]
the aircheat exchangerxt B)hettee 3first-turbochargery canpressor t R02s (ofa tihe '
aircraft, that require war air.- [0040] The cooling systemijncludes three
separ at e W(?o&Fesrt &9@? Mgﬁs sgeoRddurasharggry coRyresean 204 ey et wor k
oper at es ' hSy | C ' [ G i f : I
requi rerr%ﬁ?i’sd?%#&i ?gé)ﬁ gg%teacl:'t ?@ghﬂé{lﬁ%}l E{Elﬂﬂgﬁﬁ% rrag!t%r orﬁgs\br %q%ﬁﬁéeﬂgérélpnar y
poverdl asburces! imay inelude khe Wenehatope 18, eand! varigus bady 213thtithet can
operate at |qw tgg eratur es,\gguch as DYNALENE The s?:ygnd network is the
engi ne c%ﬁ?ﬁagU"?M » CHIRYIPE- uses an appropriate cooling fluid such as
glycol. The third network is the engine-oil cooling | oop, 25 which uses

engine ojl_as its cooling fluid. The three networks thermally interact, and
the cont [QA39])y s iR addionte the first hydmaendieatsr aﬂﬁmthee*seﬁmd hydregenni ze
the effigj RFE L 7 005314 .
11 [0041&6\‘%{% réé’?;*l%’f’é‘ﬁﬁfﬁfhﬂ?eﬁéﬁ“ﬁ@&%ﬁﬁ 'Fﬁsﬁéﬁ?%ﬁéﬁpﬁég%%%ﬁ@ 01 is
i n oper a21b@and a rearssm-aticheat exchariger 210. ameoningfarhbieht rarhcait frongaol i ng
fluid, which s punped thrgagh a engi ne- heat ed- cool ant passageway 131 to

t he Whgi $RCQNShIraRM-alesa00p 303 g seceived imaeramgin inlelod2hief the rordrananger

cool s 20% | De- t ' I |t I a
cool ed e%é?‘r?real?%égﬁgﬁé]&pggg'agse’nm%ﬂ%%%‘fgﬁae?ﬁ%ﬁ%%@ﬁﬁéﬁg%ét r@)‘(@ﬁangert 209,

i n whi chex¢chargersdd amd passes daougharohbe-heatéd cami-dir passagewapd@2 tbhe

cool ant-gil heat exchanger 209 passes _the oil-warpged engi ne cool ant through
~an oil - rjadsay exghapger 840« Twicetheated aifeemerdes frommtivprea t h

respect Lk | DEspH 06k hHn o] | | | sshpat.es heat

oL ts AT R BRaadi 10 nkCBRser AnRAHIT S Miodheaie 3aegincs, Mo
passtpyevpgssageway t123 todvecumei eximsst aixcédraiste@ Sy tthet aineraftpte\theusl! y
di scussed. The coqgl.ant-oil heat exchanger cools .the_ engi ne-heated oil and
passes - oAER re Qﬁflort By othegrpert B§IQ,fdhﬁia'r%ﬁgéggfeml‘"rﬁ?w@ﬂ?eﬁ’o t he
second hyrogen heater 207. The remaining engine heat in the once-cool ed
oil is the heat used by the second hydrogen heater 207 to warmthe

once- heat ed hydrogen for use by the engine, as was di scussed above. The

o s L TR BRIl BSOSt and AR RekibE 00! o

cooling fluid passageways. Each network operates using a distinct cooling

20 fluid appropriate for the thermal requirements of its respective network. The
first network is the primary powerplant—cdoling network, which operates using

a cooling fluid that can operate at low temperatures, such as DYNALENE ®.

- The second network is the engine cooling loop, which uses an appropriate
cooling fluid such as glycol. The third network is the engine-oil cooling loop,

25 which uses engine oil as its cooling fluid. The three networks thérmally
interact, and the control system 55 controls the operation of each network to

maximize the efficient operation of the powerplant.



20 [0043] Unlike the second and third networks of cooling fluid

passageways, the primary network is not a sinple cooling |oop with al
elenents in seriés. Instead, the prinmary network is a series of cooling

| oops that partially overlap. As a result, there are |ocations in which
cooling fl WQ2HIHIdei ved fromtwo or nore thermal |y diPEE{U§2A09/8058kdces. The
systemis typically . designed such thal125 cool ant streans that combine from
different sources are close to the sane tenperature. WO

2010/ 07 /Wﬁﬁ.ﬁ Eﬂg,’f oY SiHEh bH1tiggnact ual
fluid rgrgrgidn int Fe}% amqéég%%@ﬁgkﬁﬁ%qggg' wth g?otgﬁg?ﬁal ggg Igﬁg t hen
separ at epédratién otidissipates esignificant anaurteofiretdriptooits cobling fluids whichot t he

case. [Q045] Th irs ri mary-network cogling | oop i he gngi ne: heat
ool | ng 18 ARped il BreTainb tiEatedwadialy PaRRoRTRY 333 R BNGINe hea
exchangeioopiist ExdHdrigdry208 "@ié( eﬁgme@%oﬁgﬁ' Hé%%%%hhhgé%eo% bos

engi ne- heat cool ant passageway 1 that extends to the rear ramalr heat
exch&ngdhe 2éfginphdated | gnginer togplantigandt passest itethrooghi agcdade, erginei | | be

descri bed below. The rear,_ramair heat exchanger 210 ¢ s, the, hot .
engi ne- RORETCEAS A0 DM 13Ra108 CRRIPAEOR e HERooE ALa g W hise A

passes iijseltd Qiriwe ABLE drioihee shbiHe-60 LATingP RRFRICTRY ciRfan at

\
partially overlaps w er coofi ng | oops, scri be el ow.
The coolexthangen20Begsassesothentilwerssat enginkseoetant tiroughoan wilevaraedr am ai r

heat exchanger 210 ck.to e engi ne-cqqal ant heat exchanger 208, providin
t he coolpﬁngS\Nﬁé{- ?"GM&HPtheng@%ﬁéﬂne- 15 cool ant geat exchgng'er °
208. [0046] The second primary-network cooling loop is the

co es -goolers cool i | gop. Techni.cal | the c ressor - |l ers
cogﬁbngiﬁgﬂﬁi sVilt r%%élg%?ng?ﬁgiBeT%SQO%IMtIOQBn&I‘n&%?@nSVéﬁfa%SW th the
except | efisdipaldihédt it A8l 6, AP iLPiinpt egiRRIRated bil rpYGY'a Bgiet || be

di scussed as a 20 single loop In the two separate coolers are cool ed

i n par alhesited{oliogagsagewdie 1ddnto ¢se woatanttail hieab @xchgngen209: thati waer cool er
S oy DRt R LSRIahDR Bl elohabbr R S SRR v
thr ough Haied ohfdrid pA8EES once-cooled oil through a once-cooled oil passageway
15 142 to the second hydrogen heater 207. The remaining engine heat in the
oonce-cooled oil is the heat used by the second hydrogen heater 207 to warm
the once-heated hydrogen for use by the engine, as was discussed above.
The second hydrogen heater 207 passes twice-cooled oil through a twice-
cooled oil passageway 143 and back to the engine 201.

20 [0043] Unlike the second and third networks of cooling fluid passageways,

| the primary network is not a simple cooling loop with all elements in series.
Instead, the primary network is a series of cooling loops that partially overlap.
As a result, there are locations in which cooling fluid is received from two or
more thermally distinct sources. The system is typically designed such that

25 coolant streams that combine from different sources are close to the same
temperature.

[0044] To simplify the description of the primary cooling network, it will be
described as a composite of three separate cooling loops. The three cooling



cool ant passageway 162. The hot-intercool er passageway 161 and hot- 25

af t ercool er passageway 162 join and intermx their contents to forma hot
conpressor-cool er passageway 163. The hot conpressor-cool er passageway 163
then joins and interm xes with the hot engine-heat cool ant passageway WO
2010/ 074694WORI082000/ 005314 13 151 (a§ ment i oned abovehCHES200080338p and
forma rear-ramair heat-exchanger inﬂ t passageway 164 |eading to the rear
ramair heat exchanger 210. [0048] The rear ramair heat exchanger 210

cool s t hpyopRlare UIRERSHY béIBW 56 if"tﬂ%'éédg&%l‘;ﬁnLgmréﬁ%iﬁé‘Fr?fh%oé’ér% |88§ et

aftercool er 205 and passes once-cool ressor-cooler coolant on to a
once- coowbenc mixed swith -another loop!and thers sseparated. Backvwout lagain,t bat lity

overl aps w tg t he gool equﬁ_'ng{i e-heat cool ant passageway 152, and then

parti al | §hepdeadesstepdihe itBHSéSM@P‘h&?ﬁ%ﬂs of cooling loops to lead to
the front ramair heat exchanger 211, as will be described bel ow. The front

ramair Bf@ exchanger, 211 is cooled by 10 air that is colder than the air
cool i ng Hlear hea%f%i P”H@&Y‘"@R’ﬁéﬁ&@ﬁ"'@gdpoﬂd@i the tangine-hegdGaelings f ect
ft [ { t : '

211" ool ©OP N EndIindt CooNGodd. thel cibihe3doidrt it RRRho8l 208700

but rel aheats! primapg-aetworkrboekint tatdd passes 4t imod ot rengine-dreat lvdolant
tw ce-cool ed C(zgressor-cool er coolant on to a tw ce-cooled 15

conpr essBASAAAVRY ¢ad that exiands detheg rearanyaircheatgxchanger 218; papially; t h

anot her | | [ ; ) I Ces.500l ed
conpres sg\?é}ltl:écfgﬁgé Q’@Q’o@?%”%']aé‘%@g‘mée ﬂ/gggéoq%s%r%%%f g’?l-sgp}a h;ﬁyre ogeea% heat er
206 whi crarsairs hdat exchearigern2iOycools themsstaenyginechebheobtantefront ftheydr ogen

tochill the tw ce-cooled conpressor-caooler cqolant 20 to a tenperature
vel 1 1hel %W'Pﬁec%%i@fi‘tehﬁaft@ﬁé'@'a%r?é?8 #Rd Rassea it onitp a geoled erginerhgatoul d

nave becgodiahit B4SRagowhy 452! Which BariEHy SRRdds with VtAEPEoSRRY IdtpsPbs! N
will be described below. The cooled engine heat coolant passageway 152
extends from the rear ram-air heat exchanger 210 back to the engine-coolant
heat é_xchanger 208, providing the cooled engine-heat coolant to the engine-

15 coolant heat exchanger 208.

[0046] The second primary-network cooling loop is the compressor-coolers

cooling loop. Technically, the compressor-coolers cooling loop is two

separate cooling loops that completely dverlap with the exception of the

intercooler 203 and aftercooler 205. However they will be discussed as a
20 single loop in which the two separate coolers are cooled in parallel.

[0047] In the compressorécoolers cooling loop, the intercooler 203 passes
hot intercooler coolant through a hot-intercooler coolant passageway 161, and
the aftercooler 205 passes hot aftercooler coolant through a hot-aftercooler
coolant passageway 162. The hot-intercooler passageway 161 and hot- |
25 aftercooler passageway 162 join and intermix their contents to form a hot
compressor-cooler passageway 163. The hot compressor-cooler passageway
163 then joins and intermixes with the hot engine-heat coolant passageway



[ 0050] The first hydrogen heater 206 cools and passes the ultra-chilled
conpressor-cool er coolant through an ultra-chilled conpressor-cool er

cool ant 25 passageway 167, which splits into an intercooler input line 168
and an aftercooler input line 169, leading to the intercooler 203 and

af t er cool eWOWYNM@4pect i vel y. Thus, tge i nt ercool er aRETAPIEYRISHer are in
-parallel on this | oop, and both recei ultra-chilled coolant that is well
bel ow anmbi ent .tenperature. WO 2010/ 074694PCT/ US2009/ 005314 14 [0051] The

third priSte(as mentiohkdEbuvie)dolcvelldpsand forfl @ Fdapiram-afraiestaaichanges! | ng

| oop. Cold coolant fromthe front ramair heat exchanger 211 passes through
a front IPRWERASSagenayekehleaging daithe parsagrainheatexchianger 230shared wi th
the tw ce-cool ed conpressor-cool er cool ant passageway 166 and then 5 splits
off at a third-loop manifold 183 (which may or may not include a punp

cont r ol 1[8848), t Tlke gear rram-ajrs heat FxXchaogeo 2 cgols: tae droti apompresserageway

172 th | ead J 1 Jh 21 led b h
col d coSPRla Sauint EPRRR Eholr 203 daGRGRVEF 2Dbiand ASRRS ok o oo
onceshegiopfedh @dnipredaor-e68kes ecédlaht Wh ftb Ua donde-eaelede coniseBssf-86oler

addi tional - 10 source passageway 173 to aircraft payload devices 213 that
requi r e coplaNtmAssagevzly 16&, whickr inftiallygveriapsiwithdbe cadledrengineiheatby t he

once- heat ddj tional -sou cool,ing fluid, and pasf tw ce-heat ed

addi ti o%gﬁ?as'ﬂur S%QSWEWQ 5521 daPdr ofgR ap?'mia@g- tfgvftr sadeqpi orﬁ‘_éfﬁ'-pé%ur ce
passagewambifatiées bPtBoling Ibdpictorleat teankSroMBR-arSeat@ahingen2aagevay
165 and the cool ed 15 engi ne-heat cool ant passageway 152 to forma conpl ete

- over | ap asawillhredescrikaghbalow. 7Thedsontgam-pirtheat ®@xchaager 81 tds gooted byl d (and

t. b | L.abl e_by #t.h I t 5 h d
e 16, P85 0L P, GRLMGR rP eBP e B
addi t i oiding 6 tRe RaDEAGVFBCt bf4he FBhr Pawsaip helalt leXeBBAngeP 2962 #ea\iront egnent
176, still 20 overlapping with onl Elh t he once-cool ed conpressor-cool er

passageViaf-aisheap exgbangen2 11 £eols thereace-soolechgempressorreusel coolanty be
not ed t e Y Y%..S€e ng 175 is, the_ onl ortion
of the 3§ euieipaalierabad HultBERENE AR o BERR shRerSticatd e ool | ng
| oop papaeses Tihes twide-60blEd0BENMPrEBsdridodler tdbdiantioRd th0a twice-cooled
15  compressor-cooler coolant passageway 166, which initially overlaps with
another cooling loop, as will be described below. '

[0049] The twice-cooled compr_eséor—cooler coolant passageway 166 leads
to the first hydrogen heater 206 which uses the exceptionally low temperature
of the boiled-off hydrogen to chill the twice-cooled compressor-cooler coolant

20 to a temperature well below the ambient temperature. The coolant will be
colder than would have been achievable with 'just a normal ram-air radiator
cooling of the coolant.

[0050] The first hydrogen heater 206 cools and passes the ultra-chilled
compressor-cooler coolant through an ultra-chilled compressor-cooler éoolant
25 passageway 167, which splits into an intercooler input line 168 and an
aftercooler input line 169, leading to the intercooler 203 and aftercooler 205,
respectively. Thus, the intercooler and aftercooler are in parallel on this loop,
and both receive ultra-chilled coolant that is well below ambient temperature.



25 circul ate cool ant through the primary cooling network, this is a good
location for that punp. Neverthel ess, the placenent of additional punps,
some or all of which are typically controllable by the control system 55,
will provide for the control systemto regulate heat flow through all three
net wor ks sV 201847469e ef fi ci ency of %Ee power pl ant carPQI&USIeRIPA3Ked. |t
may al so be noted that, in WD 2010/ 072694PCT/ 11S2009/ 005314 15 addition to
the manifolds explicitly identified herein, there is a manifold 182

(whet her jggsed T9e third P Hﬁ‘ﬁ?ﬂheﬁkoﬂé’%dmﬁ% RtHeNadditibhal-HBatsolireee

cool ant passageways join or s unps (controlled or not) may
al so be Caalitgekbopl. o@gldoaeelagéfwm thén tond samsair eat emhahgéd2115pa[m54] I n
sone Ies&\rcom’mn situati onﬁ t he cool ant .flow rate r

by t.h
inter-co gpgt}@frgﬂhraép-taérr eaLeXchanger; exit pasS§adRYay | gijl ‘BVF' "bécﬂ‘qe;rgges
f1ow of mﬁlrm@eﬂw&erdwéu fcbﬁh rb%§ér—85@lb?%lﬂﬁa@§§sa%(@va? 9i6b 8Rd athbﬁ to
freeze the slowflow ng cool ant that passes hea r the inter- and
af t erS cosplids oft at altbirtiHoep rhanifolget8 ¢whioh mey or maynhot inictudeoal purnpf r om

i - o POl i Saol S heEc ey 3 Baneralor sl Bpseageay 172"
i o MRt dehde 18] ther GeRetftor D320nTHeNGeRiBRIGE 249Tis YBGRd! BE theotbie! !

val ve i s opene It pr des a S|gn| nt pressure drop,
conpensatoalant Ifmnmdhprfemstorasmmlsheat cencuangddmnoraﬂd ﬁwrplpassesmndme

addi ti onal sion creates additj ona t, and 15 thereby causes the

i nter- a'ﬁ%a@% dilmaé,sgump |9996f@93 Uﬁqhehmﬁ | anPNEE aq?ﬂe?égﬁ'oﬁﬁ svent i ng
t he ol f ibd ow of f
VD  Solres fSsageiay {7 R akEraltioayibad oWk DRI T Alire FBBIRY:
ALTERNATI VE EMBODI MENTS [ 0056] In a second enbodi nent of the invention, the

Lwo- St ag¥2] 23HEOHRERTE HAYIcHE CRTICERY 213PhRF Bobli Byothe ohcketed0s o

additional-source cooling fluid, and past twice-heated additional-source

cooling fluid through a twice-heated additional-source passageway 174 to join
with the once-cooled compressor-cooler passageway 165 and the cooled

15 engine-heat coolant passageway 152 to forma complete overlap passageway
segment 175. Using a pump 181 that forms a manifold (and may or may not
be controllable by the Con_trol system! 55), the cooled engine-heat coolant
passageway 152 splits off, and the twice-heated additional-source
passageway 174 continues on through a passageway segment 176, still

20 overlapplng with only the once-cooled compressor-cooler passageway 165 to
the front ram-air heat exchanger 211.

[0053] It may be noted that the complete overlap passageway segment 175
is the only portion of the primary cooling network through which each primary-
network cooling loop passes. Thus, if only one pump 181 is to be used to
25 circulate coolant through the primary cooling network, this is a good Iocation
for that pump. Nevertheless, the placement of additional pumps, some or all
of which are typically controllable by the control system 55, will provide for the
control system to regulate heat flow through all three networks such that the
efficiency of the powerplant can be maximized. It may also be noted that, in



enbodi mrent wth one or nore wastegates and/or a bypass valve. Mre
particularly, with reference to FIG 3, a second enbodi nent of the

i nvention has all of the elenments of the first enbodi nent except the

bl ow-of f valve. It further has an engi ne bypass port 81 configured to bl eed
air from t MO 0¥GARd 25 turbocharger ,&forrpressor 204 t o PCRASHRYP-4exhaust
upstream fromthe afterburner 77. so has a high-pressure wastegate 83
configured to bleed engine exhaust from upstream of the afterburner 77,
around tdRii S r u 7

A AR e A DS SR T I
it addi t(WbrremerypUmpmi loovaglr pamped) vats eegat todtionoirt ivshickdw drl medeair to

th t Ih t boch t 73 057 I
i o, oRiaReSaBenaySTolp: solf, 5o dheteuiepsgeonifolied s BULTEN 29e1 om i <
i denti cye b@até@al@ﬂ?%%@'@ aﬁﬁﬂht ab ﬁd!%akr@"rﬁﬁhif@lﬂs S5 except that the

hi - pressure wastegale 83 I's configured to bleed air to the atnosphere 87
rat her than passing it to the first turbocharger turbine 73. Sone

o varigti t a(gﬂn @ﬁ&g t | t By ot her
conb?nagpg?\g oflrhfﬁgﬁ%gg%g scrrr{)glcs oW O’Tﬁ? & Mt gggpl;ég%gr ne'ﬁgypﬂ%s port
81, and therentea-rcool&r Z%aegaafw-ccheaaeé is rreladivelbelaves dmistet dases; dié 10

Lot guiiew &t FuogPiBlaldh s ity Ardamst Realerais g £ anis to féaze°

enbodi MgRé %ro@iﬂwrn ddblér?el'h%t p%%bﬁ&'r@bi frdtatReRhests Unid éﬁér‘-é‘&bl@ﬂsr ggvi ces
that nust work with“significan otter alr tenperatures,
gener al Ithe rfﬁqtuhydrcb@@mlmatdmrEespnetvept dhisdeoolant fivra freezingein these
10 situations, the air compression system is provided with a blow-off valve 305
(see, FIGS. 1 & 2), that is typically intermediate the aftercooler 205 and the

engine 201. When the blow-off valve is opened, it provides a significant

pressure drop, and in compensation the compressors must provide additional
compression. The additional compression creates additional heat, and

15 thereby causes the inter- and after-coolers to increase their coolant flow,
thereby preventing the coolant from being frozen in the first hydrogen heater.
The blow-off valve is present along the twice-cooled air passageway 105.

[0055] ALTERNATIVE EMBODIMENTS

[0056] In a second embodiment of the invention, the two-stage air
20 compression system may replace the blow-off valve 305 of the first
embodiment with one or more wastegates and/or a bypass valve. More
particularly, with reference to FIG. 3, a second embodiment of the invention
has all of the elements of the first embodiment except the blow-off valve. It
further has an engine bypass port 81 configured to bleed air from the second-
25 turbocharger compressor 204 to the engine exhaust upstream from the
afterburmer 77. It also has a high-pressure wastegate 83 configured to bleed
engine exhaust from upstream of the afterburner 77, around the afterburner
and second-turbocharger turbine 71 to the first-turbocharger turbine 73.



~ 15 [0058] In a fourth enbodi nent of the invention, the second hydrogen
heater is integrated into the primary cooling network, and the third
cooling network is thernmally isolated fromboth the primary cooling network
and the second cooling network. More particularly, with reference to FIG

4, the secoMd2@r46Yen heater 207 is integrated into tHHRCTYE3P90H4ai r heat
exchanger input 20 passageway 164, and6i s t hereby adapted to use hydrogen

t hat has been once cooled by the first hydrogen heater 206 to cool cool ant

fromthegj r I , 1 ' heat
exchanger "2g: A RldRlorcy s % (G SRRt hac{Euato®s cofictheu B pieRy 3,

el i m nat fdtherdtatospheby paygrassiig ths filstaorbochar utlsinel73w adequat e hydrogen
heating at the first 25 hydrogen heater 206 en the intercooler 203 and

aftercooler 205 only require a slow flow of coolant. WO

2010/ 074 / Up2@OHIb 3drbbdirment | 60 tied ninventiehpWiaThtweoistagerpealrat ur e
cooling fluid. The ultra-chilled conpressor-cool er cool ant passageway 167

becones €PAPE§SSION Systempiiatidentical tocther seeonthemhadimenp of Hhe ipyeskien,

ul traz chj SKOLF, I I qlahf 0 hj yl oad
devi (;aa-e Zéﬁé&&hﬂ’%hmﬁﬁcﬁ'u (?%gglﬁ |“f§é§§b§{é an[s Egﬂﬁé%ggg?rﬂé%%q?%tﬁgéngo cool
the devi ggnosplrereh8T frlér ithdre gabSimy it to the Pt agfysoirargér arine 73. '

t emper at ur e- appropri ate passageway | ocation, such as the hot

conpr ess9PMe¥adBatioNs oh Haavsgcand andhthird, gmhadivents may becprovidadewith t he

t I : i .
b ough PHET e aREE 85 155 oBokh Uekobk % GRIE SARRLACE RIS 1o
exi sti ngpoaShaawhite ghrieus wdsteghtesat Betause! the atboveedesuribdik blovwtoff
addi ti onal - source passageway 173 (see FIG 6). [0060] SOVE ASPECTS OF THE

EvBAS VEXalveciidlis cenfigured fecrelatively dow-temperature gir,rit can e egefiguredt er 206
is ad i.pnal | i | ed-af f
'S a apts? é’tc %%l?é,llgé}ﬁwg@ﬁ!o&é\ﬁéé ﬂbé g\gfﬁ%ﬁmﬂm&ﬁ?ﬁbwﬁ\%ﬁ%, g@ng

hydr ogen Wi ce-cool e ressaor-cooler co

sub- anbi with thelineardatioss Whbie bplessuté aelievingntevicepethat unast Work with
ultra-chilled coolant at substantially the sub-anbient tenperature is split
bet ween $'§B'ﬁcﬁﬂﬁycl,‘l%tleé@'Q@Q‘Bﬁfétl&ﬁﬁeﬁﬂﬁwlﬂtgez@sa"mf%ﬁ'@ hé?Y'e&ﬁ’GVin des

for therqot&é%gd]gt%igpﬂ%gémgé)ol the air conpressed by the first-turbocharger

conpr essor second-turbocharger 20 conpressor 204, respectively,
W t hout causing a significant pressure drop to the conpressed gas. [0062]

The {g onfogsBT* 2 a1BaHNRINBBGRENt O the i &itidr tHE SEEEAEHYdrdgén hishtdr
is integrated into the primary cooling network, and the third cooling network is
thermally isolated from both the primary cooling network and the second
cooling network. More particularly, with reference to FIG. 4, the second
hydrogen heater 207 is integrated into the rear-ram-air heat exchanger input

20 passageway 164, and is thereby adapted to use hydrogen that has been once
cooled by the first hydrogen heater 206 to cool coolant from the intercooler
203, the aftercooler 205, and the engine-coolant heat exchanger 208.
Additionally, the coolant-oil heat exchanger 209 has been eliminated. Also, a
bybass 191 has been provided to allow adequate hydrogen heating at the first

25 hydrogen heater 206 when -the intercooler 203 and aftercooler 205 only
require a slow flow of coolant. '

[0059] With reference to FIG. 5, in a fifth- embodiment of the invention, a
highly cooled payload device 214 such as a low temperature sensor requires



hydr ogen heater 206, is configured to cool the coolant to a tenperature
that is above, but close to the anbient tenperature, thereby providing
conditions that 25 aid the first hydrogen heater 206 in dropping the
cool ant tenperature well bel ow anbient tenperature. WO

2010/ 07469 1836949/ 005314 18 [0063]., I n the case of ZRTASIEVYE3LI4t hat

I ncl udes the highly-cool ed payl oad deVice 214, which has a significant
cooling requirenent, the aircraft is configured with a highly-cool ed

payl oad c%ﬁhge&(ﬁh § "8 Bel6RCAMBISR dtelnfpératigrel 86 0f ﬂﬂldraTﬁéoulﬂ‘é aipegnt from
the first hydrogen heater 206 at substantially 5 the sub-anbient

t enper atcompressonodolencoolant! passagewdyp A6V detames the splitoffipgint/ farcal ed
payl oad heat excha r I S ically s ar t, romthe int er ool er 3 and
af t er coSERATEs €0g n‘ﬁ’;‘?pbyﬁnf)@@?é ﬂ1 ﬁ’e‘] HYRPIESSOEICe %a(j?B'Qt’}?devi ce,
as di SClﬂﬁﬁﬁfg;haﬂh@Vﬁ gh é@ﬁléétﬂéé%dd delc@Zﬂ)E\N%hQHHUHQEYarFﬁﬂé{;@l Peagat
exchanger romthé highl |'ed payl oad device) w I'tsT own cooling

| oopd | @Xehpngar oo fi garedadpemolothe htmvmereamd dhent baclpamm therexisting i ng
system i%gl és t he front Eamar r, heat exch er 211 and the rear ramair

heat ex pWay$ at 3ome, teraPRIAIHES- ?QBFﬂRﬂ ssAgRWay JpFalion. Rugh 8% changer
al ong t m%rﬁ@ achrripresssredeoler ThassdgeWway am63i I hRalg S¥SAAIET of Sthi®

downstream of the rear ramair Eeat exchanger al ong t he heat - exchanger
cool ant qmb@hgmniythess&paratmcoollaet looppasses ulitra-thilied epoipregsor-caoler

conflgured urt Cc00 cei,ved.fr t he ar rama r . heat
exchang&P%'g rgd% glhlfb%ﬁ hiy, €0 ﬂ@ﬁ%[?%ﬁaaﬁ ('ﬁﬁ/v%g]ftr éﬂﬁtﬁﬁﬁrﬂfc{kh'@ Q&F ant
pas$@gewisting’ %éslag ehRiYs dtMadi GodlBAt IoR4tBANISlicRNds VRN I 8Ace heated he 20
front ramaif heat éxchanger splits cool ant received fromthe rear ramair
heat ex@ddittpnalisoutceapassageway 84 (seed FAGs6yond stream The first streamis

directed to the front ramair heat exchanger, and then eventually on to
thermal |oads such as the intercooler 203, before returning to the rear

ram ai r [006@] exSOMEASPECTS OrEr'ﬁHEgEMBQBIMEN'H oop that includes both the

front ramair 25 heat exchanger 211 and the rear ramair heat exchanger

210 [0061] With respect to FIGS. 1 — 6, the first hydrogen heater 206 is adapted

to uses the exceptionally low temperature of the boiled-off hydrogen to chill

15  the twice-cooled compressor-cooler coolant to a sub-ambient temperature well

below the ambient temperature. This ultra-chilled coolant at substantially the

sub-ambient temperature is split between the intercooler 203 and aftercooler

205 in parallel, and provides for them to significantly cool the air compressed

by the first-turbocharger compressor 202 and the second-turbocharger

20 compressor 204, respectively, without causing a significant pressure drop to
the compressed gas.

[0062] The front ram-air heat exchanger 211, which is upstream of the first
hydrogen heater 206, is configured to cool the coolant to a temperature that is
above, but close to the ambient temperature, thereby providing conditions that

25 aid the first hydrogen heater 206 in dropping the coolant temperature well
below ambient temperature.



[ 0066] The second streamis directed to the engi ne-cool ant heat exchanger
208 (another thermal |oad) w thout passing through the front ramair heat
exchanger first. Fromthe engine-cool ant heat exchanger 208, the cool ant
WO 2010/ 074694PCT/ US2009/ 005314 19 returns to the rear ramair heat
exchanger MQ2018#6%f ormi ng a | oop thgy excludes the f REAUSRZAANEBI4 heat
exchanger 211. The engi ne-cool ant heat®exchanger 208 operates to cool the
engi ne 201 using a different coolant. [0067] The third-1oop nanifold 183

al so spl jooB3§oolRthe’ @55 VB Aeraffanat fin g&eé_ Qﬁé%ippgﬁ%o@acbﬁl%& 211

into a first streamand a second stream - The first s amis directed to

t he firsdeviger 3¢én whichehagoa, significandnceoling urequiremrentp theeairataft dads such
as the intercooler. 203, .hefore returning to,the rear ramair at exchanger
20, andbigERe K B g EaIed i iea nedd cXeRaBdET RUNTOLER L TarRS0r o 1 e

first sty I AR I ' t he
front ra%}%méjﬂgﬁg:'@%@gﬁacnfaglar leﬁghg f}ﬁ%téh)(%@?hpé%ﬂ Qﬁé?’? %ggéﬁaarﬁ%llp 210.
[0068 Tthe swi-ambient tempéraiure te cobl thk Ihighly-taoldd pdylcadddeeiceedThe t he

" generataqr, 212 nqt her therpal | oa and .then the coolant returns to the
Pront - disBlv-oodlad" Bavdars cPeat 1 SiRandhT” dae piGEl,  SaATaRe HAlhr tham ai
heat 15 ; r 183 : amair _

noat exchiicades 203 tnd MercIE: TS, Aol Che ShIedfRl Wit 2t RN e
first hycbalednpandeadrdeviée, as discussed above. Alternatively, it may be an
entirely separate heat exchanger (from the highly-cooled payload device) with

10 its own cooling loop.

[0064] In another aspect of the invention, the powerplant cooling system
employs the front ram-air heat exchanger 211 and the rear ram-air heat
exchanger 210, which is downstream of the front ram-air heat exchanger
along the ram-air passageway. The front ram-air heat exchanger is

15 downstream of the rear ram-air heat exchanger along the heat-exchanger
coolant passageway, such that the front ram-air heat exchanger is configured
to further cool coolant received from the rear ram-air heat exchanger.

[0065] The coolant manifold 181 downstream along the coolant

passageways from the rear ram-air heat exchanger and upstream from the
20 front ram-air heat exchanger splits coolant received from the rear ram-air heat

exchanger into a first stream and a second stream. The first stream is

directed to the front ram-air heat exchanger, and then eventually on to thermal

loads such as the intercooler 203, before returning to the rear ram-a.ir heat

exchanger, thus forming a coolant loop that includes both the front ram-air
25 heat exchanger 211 and the rear ram-air heat exchanger 210.

[0066] The second stream is directed to the engine-coolant heat exéhanger
208 (another thermal load) without passing through the front ram-air heat
exchanger first. From the engine-coolant heat exchanger 208, the coolant



heats the hydrogen fuel fromthe fuel source 302 using heat fromthe
conpressor-cool ers cooling | oop, which includes the intercooler 203 and the
20 aftercool er 205. The second hydrogen heater 207 heats the hydrogen fuel
fromthe first hydrogen heater 206 using heat fromthe engi ne-oil cooling

| oop, or i WAKHIHIHEEnati ve enbodi ment érom the engi ne ®6&USHYIPBHMS, eit her
of which includes the engine 201 (at 1Rast i ndi rectly via the

engi ne- cool ant heat exchanger 208). The two | oops have a partial thernal

| ndependefiffis Id‘tﬁéI%a?Erah’Ilﬁlﬁ Hbsf Q%hahgapémﬁ%%t fIrfifiRGCa 188p Bt not on

t he engi ne or engine-oil cool ant | oops nei't her the engi ne nor ‘the
engi ne- @xcludes thetfrantcramenir heeg e}schangdlrem:i)rrpﬂ'hesengmﬁat@mlant:dlﬂatng

I 010/ 0Z46894PCT/ US2 009/ 05314 20,L0070 I t 55
conti quiinABOEb AP AP AIES IR Nam B 20 DTS SRR GoPEs, and doos
so based on the tenperature of t he fuel recelved by the engine to regul ate
t he fuel I | bl.e b fuel t . Thus,
i ¢ adOPBRE "o Thel FirkdoBnamanteld 38 i pliBarbolant reEPyed OB « ner o
o8, RGBSR IR RRERBAGERY 1] ol 4Rt SHRER] aflith 8cdHid 8RbAM. | The

sufficiently warmthe en wth e coolant, the engine or engine-oil
cool i ng firsiogtseamyis Idﬂeatmijtct thef finst hgdrdm hea@rﬂ@ﬁ anpctbem]ewemlalmm

PONERPLA\ 00,721 ,Th b d b di t b d
't er naito 16etAgeds Such s e Misisedrer 295 beI0R ERuMinglodne Taar 4882l so
appl i cabfiengaf ef(?l?éng?é?liﬂ?ya'*ﬁc? i paft"of ﬁ‘iesé At Iogﬁfz‘éfsbhséétg@bb% withd

hydr ogen boi | - as can to coo conpresse oxl er m e real i zed.
[ 0073] | referencel tOéhecftretjstream oﬁtheheoolam roanifold ut81. céIha,t loop incladesel |

I f the fuel |
Tot B "B i 4ra kSt Pt yoroiiriar 211 ARl el TR IaskRn ARl ne. A
f uel celéxcﬁyﬁggﬁm\gul d likely place nore enphasis on reducing the

tenperature of the air going into a high pressure conpressor rather than
reduci ng the tenperature of the air going into the fuel cell. Thus, one

:gt : ﬁ't gf}gggtlsje lrJeTn?aénégoﬁ@bgﬁéﬁﬁﬂfroWl{hé thitallsdp mARIfSRY isWirBeEy &IRES W th
generator 212 (another thermal load), and then the coolant returns to the front
ram-air heat exchanger 211 without passing through the rear ram-air heat

15 exchanger 210, thus forming a loop that excludes the rear ram-air. heat

exchanger 210.

[0069] In yet another aspect of the invention, the first hydrogen heater 206
heats the hydrogen fuel from the fuel source 302 using heat from the
compressor-coolers cooling loop, which includes the_intercooler 203 and the
20 aftercooler 205. The second hydrogen heater 207 heats the hydrogen fuel
' from the first hydrogen heater 206 using heat from the engine-oil cooling loop,
or in an alternative embodiment from the engine cooling loop, either of which
includes the engine 201 (at least indirectly via the engine-éoolant heat
~ exchanger 208). The two loops have a partial thermal independence, in that
25 the intercooler 203 and aftercooler 205 are not on the engine or engine-oil
coolant loops, and neither the engine nor the engine-coolant heat exchanger

208 is on the compressor-coolers cooling loop.



20 an aftercooler. The intercooler is cooled by a coolant th
a fuel heater to a bel ow anbient tenperature. [0074] It is t
that the invention conprises apparatus and net hods for desig
power pl ants, and for producing powerplants, as well as the a

at is cooled in
0 be under st ood
ni ng

ppar at us and

- nmet hods of WR&M¥EIE| ant itsel f. Additionally, the varRQES208/0853b0di nent s

of the invention can incorporate vari 80s conbi nations of the
above-descri bed features. Mreover, it is contenplated that

br oader ¢ DTHECEGAtrOICEyRBRP 85 R Bonfiglfbd 30 UdhAf M€ Tpera

[ 0075] Il'e“particular f e1n I on have beén

the clains are
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ustrated and

descr i bevarious woblingcloappaaadt dbest sy dydseds onothd itemperatare aof the feele
fromthe spirit and scqope of the invention. Thus,

\évi E.Egﬂéhpq%pﬁgfrqun%gnth%@w Beereayater theedueinteraparatusg { 3 dewelenat isni y to
the prelgdding By SR Ridlelicototdl 05 FhilS) i ditda N dectlf inl sbihd findd fof ! |
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t,e%i b% t he above . .
intercOoler and aftercooler to sufficiently warm the hydrogen with the coolant,

the engine or engine-oil cooling loops may be used to further heat the fuel.
[0071] FUEL CELL POWERPLANTS

[0072] The above described embodiments are all based on an internal
combustion engine. Aspects of the present invention are also applicable for
fuel cell systems, and a similar benefit from the cold hydrogen boil-off gas can
to cool compressed oxidizer may be realized.

[0073] It should be noted that in the case of a fuel cell, the fuel cell
performance requires a certain air pressure at the inlet of the fuel cell rather
than a certain density, as with an internal combustion engine. A fuel cell
system would likely place more emphasis on reducing the temperature of the
air going into a high pressure compressor rather than reducing the
temperature of the air going into the fuel cell. Thus, one anticipated fuel cell
embodiment would include two serial compressors with an intercooler but not
an aftercooler. The intercooler is cooled by a coolant that is cooled in a fuel
heater to a below-ambient temperature.

[0074] It is to be understood that the invention comprises apparatus and
methods for designing powerplants, and for producing powerplants, as well as
the apparatus and methods of the poWerpIant itself. Additionally, the various
embodiments of the invention can incorporate various combinations of the
above-described features. Moreover, it is contemplated that the claims are
broader than the described embodiment.



di scussion, and is defined with reference to the followng clains. WO
2010/ 074694PCT/ US2009/ 005314 22 What is clainmed is: 1. A powerplant for use
in a range of flight conditions, conprising: a power converter
configured to produce energy fron1a fuel and an oxidizer; 5a cr ogenic f uel
source for W¥IHY4Me power converter,,the fuel sour ce PCHAI209%p

configured to provide the fuel at a t%kperature bel ow anbi ent tenperatures
over the range of flight conditions; an oxi di zer source for use by
the powq0OeSNVveWttile paftfcuta foraes cﬁ‘OtI'feCﬁ”l\}éﬁtl@ﬁ Ravéi sesrdiltstratedvane the
oxi di zer at a pressure bel ow a desired 10 pressure for use by the power
conver t glescribed, itawillibe appergntetheb vationsirgadifigations capr ke snade withgutf r om

t he OXId GisS conver

e hong ARG D e, Shi, B cPCorkd i s PhyBneBh,, Jhus, Atiaifon 68 ¢,
COS' ant jhvertidri hak beshdaycribedt rdetdil W%@F@\@Bhgmto thet grapsirag ur e;

a first-conpressor heat exchanger configured to use the first
cool &nt efmbandlm@tSutctIosbetmvmgmdmmy skill laabetamwnhappredmterthmwaﬂeueer ature
to cool § .di zer nterque % Be fIl‘SthO ressor a?(iih é)({
conver t POSIGANOHS Fap e Byt departig rom e SEsbe B the INEHiGH.

Accordingly, the invention is not intended to be limited by the above
discussion, and is defined with reference to the following claims.



20 2. The powerplant of claim1, and further conprising: a second
conpressor internediate the first-conpressor heat exchanger and the power
converter along a flow path of the oxidizer, and being configured to
conpress oxidizer fromfirst-conpressor heat exchanger for use by the power
converter; WAAIDAHEEecond- conpressor heat exchanger corBGTfiR2e/00¥14use t he
first coolant fromthe fuel heat exchaager at substantially the first
tenperature to cool the oxidizer internmediate the second conpressor and the

power co t: a flow path of the oxidizer. WO

2010/ 074%&%&@%@3?005314 23 3. The powerplant of claim?2, and further
conprising a ramair heat exchanger upstream of the fuel heat exchanger

al ong a %l ow ?okhr , Y i QLT : | the first
cool ant {l'o a'g corﬂblmra u?ﬂétrﬁgggiozﬂ!adgg&éﬂp&@§hglsmls%per ature. 5
4. The power pl apower oohaerteﬁconﬁ‘%ul redrtohsrodaceieniesgy froen adoekand aaat

exchanger _a&st_r,eam of the fue eat exchanger along a flow path of the
cool ant , O8A¥Shei ng configured to cool the first coolant to a second

tenpatature t | I, ent '

corrp?l’ si ng: l%tﬁl hléj g%on\?\gﬁﬁghp &offggllgén?g?{ggﬁgﬁgpggwggéqé@%?@% a\y?%g a

cool i ng fuelbeirgemfigured to previderthe ieekatr# tethperatureobéloguasbientt h a payl oad
heat exchanger configured to use the first coolant fromthe fuel heat
exchangelemperalyes ayver dne yange of flight coagitionsi ure to cool the payl oad

devi ce. an oxidizer source for use by the power converter, the oxidizer source
being configured to provide the oxidizer at a pressure below a desired
10 pressure for use by the power converter,; |
a first compressor configured to compreés oxidizer from the oxidizer
source for use by the power converter;
a fuel heat exchanger configured to heat fuel from the fuel source and
cool a first coolant to a first temperature that is beléw the ambiént
15 temperature; and
a first-compressor heat exchanger configured to use the first coolant
from the fuel heat exchanger at substantially the first temperature to cool the
oxidizer intermediate the first compressor and the power converter along a
flow path of the oxidizer.

20 2. The powerplant of claim 1, and further comprising:

a second compfessor intermediate the first-compressor heat exchanger
and the power converter along a flow path of the oxidizer, and being
configured to compress oxidizer from first-compressor heat exchanger for use
by the power converter; and

25 a second-compressor heat exchanger configured to use the first coolant
from the fuel heat exchanger at substantially the first temperature to cool the
oxidizer intermediate the second compressor and the power converter along a
flow path of the oxidizer.



15 6. The aircraft of claim5, wherein the payl oad heat exchanger is
separate fromthe first-conpressor heat exchanger. WO

2010/ 074694PCT/ US2009/ 005314 24 7. An aircraft powerpl ant cooling system
operating with a first coolant, conprising: a front ramair heat
exchanger NOWPH4494m air passageway, ihe front ram ai PCRASR0YUSBYnger

bei ng configured to cool the cool ant; 2 a rear ramair heat exchanger
downstream of the front ramair heat exchanger along the ramair

passagev@y, tie péwerp |émr616¢|émlreahnawehﬁeeearrmemg doapshirdeatof the rear
ramair heat exchanger al ong a heéat-exchanger coolant passageway such that

the f roraxchanger upsiceamecftherfyet heat mtfarggeralbng)afﬂmw path obthie cool ant
recei ved rear ramair, heat changer ; I rst ermal .| oad

Gownst r SOVATTE BE bl cotiet 1ol TS ARlHaotantin 4 $6¢ind RibPRiatRD o
bei ng cqphf IgLﬁlﬁﬂ/ett‘heré}ﬁBle‘ﬂ? téﬁ’\gb?éiu?é’.m ant fromthe front ramair heat

exchanger, and being configured warmthe received cool ant and pass the
war med cool ant downstreamto the rear ram air heat exchanger; a second

thergal 4 OadTh%’}S’odﬁé 15D rnﬁ”hh&'fﬂrtﬂ& %ﬁgﬁdé?ﬁ?ﬁ LI negfr ramair

heat "exchanger an st ream rom t ron eat exchanger, the
mani f ol exebangecupsireameof the foel Ineammrmtgerradmig/adlow path bktheear ramair
heat h ' .

ea excco%?a%i,r and tb%rng configured to cool the first coolant to a second temperature

that is above the ambient temperature.

5. An aircraft, comprising:
10 the powerplant of claim 1; and
a payload device having a cooling requirement;
wherein the aircraft is configured with a payload heat exchanger
configured to use the first coolant from the fuel heat exchanger at substantially
the first temperature to cool the payload device.

16 6. The aircraft of claim 5, wherein the payload heat exchanger is separate
from the first-compressor heat exchanger.



a first streamdirected to the front ramair heat exchanger and a second
streamdirected to the second thernal |oad; 20wherein the second thernal

|l oad is configured to receive cool ed coolant fromthe manifold, and to warm
t he. recei ved cool ant and pass the warnmed cool ant downstreamto the rear,
ramair heaWoa¥élZé¥er. 8. The ai rcraft power pl ant coRGTAP280908M of cl ai m
7, and further conprising a third the ftal | oad, wherein the third thernal

l oad is configured to 25 receive cooled coolant fromthe front ramair heat

exchangey, anAntefrcr&H | ',\@ﬁﬁ cool ant
downstreaJm to the mnwyégpl%ﬁgsb% gﬁér{%ﬁg??é%' rpmtr?mggg{)imﬁgt'system of
cl ai m 7, comprising:t he second |oad is a heat exchanger for a power-converter
cooling systemfor a pawer converter configured,to produce ene froma
fuel and an cAIGNLEMaGBeabexEnGss Alony BdBowslussaReNaY. oe et

power pl afﬁmfé?lohéé‘lge)&*%tn@@r | %m% ' neonverter cooling
system operates using a se?gﬂﬁﬁggﬁ nt Hﬁg\%&%&aéﬁpgﬁgg mel ting point than

the fdrst cood sear rabi-airheatvexchaager Hownstreamnmofitheafnget ram-dir ludxat

2 Tuel cRRendnaRnaond fhe BrBralEpassaseway. e it Thoraisddh exchengsher

ey o SOl 1R FUE LSRNy Sl SR SRhahE, 21 2
10a fi r scodlant passeagexwaysugke thatthéifpntednt-airineat ekohangeois ddnfiguved sour ce
using hef%t fufr{h%rpc%of ci:cgglfan rgeocleii\?egd #rgPrPthtehraetari_rngr{-gFrl S('-:ta'fi1 efxic Sﬁgé‘ﬁ at source '
10 a first thermal load downstream of the front ram-air heat exchanger, the
first thermal load being configured to receive cooled coolant from the front
ram-air heat exchanger, and being configured warm the received coolant and
pass the warmed coolant downstream to the rear ram-air heat exchanger;
a second thermal load; and
15 a coolant manifold downstream from the rear ram-air heat exchanger -
and upstream from the front ram-air heat exchanger, the manifold being
configured to split coolant received from the rear ram-air heat exchanger into
a first stream directed to the front ram-air heat exchanger and a second
stream directed to the second thermal Ibad;
20 wherein the second thermal load is configured to receive cooled coolant
from the manifold, and to warm the received coolant and pass the warmed

coolant downstream to the rear ram-air heat exchanger.

8. The aircraft powerplant cooling system of claim 7, and further

comprising a third thermal load, wherein the third thermal load is configured to
25 receive cooled coolant from the front ram-air heat exchanger, and to warm the

received coolant and pass the warmed coolant downstream to the manifold.

9.  The aircraft powerplant cooling system of claim 7, wherein the second
load is a heat exchanger for a power-converter cooling system for a power
converter configured to produce energy from a fuel and an oxidizer.



a second fuel heat exchanger configured to heat fuel serially received from
the first fuel heat exchanger, the second fuel heat exchanger using heat
froma second cooling |loop that includes a second heat source; and 15a
control system configured to control the operation of the first and second
cool i ng | o¥Y320HEdeP40n a tenperatureC§% the fuel that PETAISWP/HSH4py t he
power converter wherein the se d heat source is not on the first
cooling I oop, and wherein the first heat source is not on the second

cool | ng 10.0D Trelpdderplft BYRIPSyStenT BTl Wheteff diepéer bohoéngeat sour ce
derives heat from a corrpresse gas d whérein the second heat source
deri ves casdingfsystemiaperatas: usmg\aesemnd coolant havmg a higher melting point

than the first coolant.

11. A powerplant for use in a range of flight conditions, comprising:
5 a power converter configured to produce energy from a fuel and an
oxidizer; ‘

a cryogenic fuel source for use by the power converter, the fuel source
fuel being configured to provide the fuel at a temperature below ambient
temperatures over the range of flight conditions;

10 a first fuel heat exchanger configured to heat fuel from the fuel source
using heat from a first cooling loop that includes a first heat source;

a second fuel heat exchanger configured to heat fuel serially received
from the first fuel heat exchanger, the second fuel heat exchanger using heat
from a second cooling loop that includes a second heat source; and

15 a control system configured to control the operation of the first and
second cooling loops based on a temperature of the fuel that is received by
the power converter

wherein the second heat source is not on the first cooling loop, and
wherein the first heat source is not on the second cooling loop.

20 12. The powerplant claim 11, wherein the first heat source derives heat
from a compressed gas, and wherein the second heat source derives heat
from the power converter.



