AND APPARATUS FOR FLAMELESS HEATI NG OF A FLUI D The present inventioms'
rzl es generally to a nethdd“and apparatus for heating a fluid, and - .

p Fﬁlcularly, but not exclusively, to a flanel ess heater for superheating
liquid nitrogen for use in gel fracturing operations on 5 off%ﬁ??‘%-sz
and”gas wells. - Nuner ous operations are performed on oil "a a

wells which require | arge volunes of nitrogen gas. These operations nmay be
performed on both onshore and offshore wells. Such operations include f oam
fracturing operations, 10 acidizing services, jetting down the tubing or
down t he tubing-casing annul us, nitrogen cushions for drill stemtesting,
pressure testing, insulation of the tubing-casing annulus to prevent such
probl ens as paraffin precipitation, jetting with proppant for perforating
and cutting opera- 15 tions, reduction of density of well workover

fluids, displacenment of well fluid fromtubing during gun perfora- tion
operations to prevent excess hydrostatic pressure in the hole from pushing
perforation debris into the fornma- tion, placing corrosion inhibitors by
msting the inhibitor 20 wth nitﬂogéh, extingui shing well fires, and

other opera- tions. The present invention may be utilized with any of these
operations. One particul ar NaOREEAti 0, [§| ﬁacturing of a subsurface
formati on of the well by pgd ] FgﬁéFLﬁfﬁy hi gh pressure into
the formation. The fract

The- present ihvention relates generally to a
method and apparatus for heating ‘a fluid, and particularly,
but not exclusively, to a flameless heater for superheating
liquid nitrogen for use in gel fracturing operations on

5 offshore 0il and gas wells.

Numerous oberations are performed on‘oil and gas
wells which require large volumes of nitrogen gas. These
operations may be performed on both onshore and offshore
wells. Such operations include foam fracturing operations,

10 acidizing services, jetting down the tubing or down the
tubing-casing annulus, nitrogen cushions for drill stem
testing, pressure testing, insulation of the tubing-casing
annulus to preventfsuch problems as paraffin precipitation,
jetting with proppant for perforating and cutting opera-

15 tions, reduction of.dengity of well workover fluids,
displacemént of well fluid from tubing during gun perfora-
.tion operations to prevent excess hydrostatic pressure in
the hole from pushing perforation debris into the forma-
tion, placing corrosion inhibitors by misting the inhibitor

20 with nitrogen, extinguishing well fires, and other opera-
tions; The present invention may be utilized with any of
these operations.

_ One particular such operation is the fracturing of
a subsgrface formétion of the well by pumping a fluid under
25 very high pressure into the formation. The fracturing fluid



whi ch ¢s punped into the'well often conprises a foamed gel which is
produced by the use of nitrogen gas. The nitrogen for the foamfracturing
ﬂ%ratlon is generally stdred in a liquid format tenperatures of 5 _
approxi mat.ely -320 F(-196 C). For pressures encountered in these foam
fracturing operations, the nltrogen chagges state froma liquid to a gas at

approximately [err]. It is, therefore “désirable to heat up the nitrogen
gas o a super heated state 10 so that the foamfracturing fluid being :
punped down t.h wel l will ness it | anb ent tLenmperature. his is
because of "Pf"fg nﬂ‘r?e?é"ﬁn?eaddv’éf‘s ?ec? %glﬁ Eﬂ%ﬁf‘%gfse ﬁﬁﬁ'ﬁfi SFIvery

| ow t enper ahiich its prosadetl diyhetlve sesdecoHreibnogenbgashe nitrogen foam 15
For | and based wells | | Pe. n clydes
J'%J.Wrw%&gﬁzt}ﬁa{ﬁ@gf 19&! Pp@@{l{-%ﬂ?ysg@kkhbﬂ by

open flane heat er s. wever ore we or sa

envi r onmenganeraddynstasnh im arekiquid nbermeat herperrtunes. ofher ef ore, it

I s necessapy }gxga@@éiyzljnbﬂgx {gg°¢hg ni trogen whi ch does 20 not have an
open fl ane. guch | anel ess nitrogen heaters have preV|ou%Iy bg grOV|ded
ogmyfrac

by utilizing the hea?%‘erﬁ@"r%ﬁ%ﬁ epcovptenat imntheseo HyL1RE
mechani cal opefadiomiss, ebhe/eﬁﬁﬂfwgabycnmgeﬁt stateofaok &l Biquidndot ken

14 d ¢ o nBBPofdn MR RRATR e - 200er B bR o Tor Bt ey EBEmeEoRR At act ur ed
by the Zw desErabde R@sm u:ir gam s:attnmgenngasotoSanbapAnhgaCaldl Bdakiea.

10 so that the foam fracturing fluid being pumped down the well
will be at an essentially ambient temperature. This is
because of the numerous adverse effects upon mechanical
equipment of very low temperature which would otherwise be
presented by the nitrogen foam.

15 For land based wells, the nitrogen heating equip-
ment.éénerally includes open flame heaters. However, on
offshore wells, for safety and en#ironmental'reasons,.open
flames are not generally allowed. Therefore, it is
necessary to provide a heater for the ﬂitrogen which does

20 not have an open flame.

Such flameless nitrogen heaters have previously
been provided by utilizing the heat generated by an internal
combustion engine and mechanical components driven thereby
to heat a coolanf fluid, and then transfefring that heat to

25 the ﬁitrogen through a coolant fluid-to-nitrogen heat
exchanger. | '

One such prior art device is manufactured by the
Zwick Energy Research Organisation, Inc. of Santa Aﬁa,
California.

N

@



- The Zwi ck apparatus includes a single internal conbustion engine which®’
rives a hydraulic punp to produce hydraulic fluid under pressure which ing
tﬂturn drives a hydraulically powered nitrogen punp. 5 - | The Zw ck
pparatus uses a single coolant-to-nitrogen heat exchanger neans for
vaporizing the liquid nitrogen. Zw ck does not include a second heat
~exchanger for transferring heat directly from engi ne exhaust gases to the
nitrogen. The cool ant system of the Zw ck device circul ates the cool antid0
fluid first through a hydraulic oLl -80-cool ant heat exchanger where heat
fromthe hydraulic systemof the engine and the conponents driven thereby
are transferred to the .coolant. Then, the coolant fluid streamsplits into
two parallel portions, one of which flows through the engine block to '
absorb Eﬁatzaigﬂ‘Eﬁgaﬁﬁghgeiné%udeﬁagdsﬁgglgtEﬁ%eghawh'SEPL%QWEnthrOUQh a
1 ra I'ng hea

mani f ol d surroundi e engl ne exhaust sor romthe engine

exhaust gh8ifel YRicAOHZRVes a‘hﬁﬂrﬁhiﬁé-puﬁﬁtﬁb ngahws Ayagald seass through.

the enginé block and the exhaust cooling nmanifolds, they“ once again merge
into a gilogdeupBegaprekisabel Whicheihcdukd BiReveeohaRlydiriawldchQ1y trogen

vaporizer. Fromthe vaporizer. the fluid returns to the hyraulic S oi | .
cool er pbwered nikpbgenngumpe | oop. Wth regard to the nitrogen flow system
of Zwick, the nitrogen flows fromthe nitrogen punp through the
cBol ant - t o- nTheogwihckecaprpaxakirsgusesnd shogleocopd angi-itoraddrogenypass is
provided around the cool ant-to-nitrogen heat exchanger by neans of which.
|iqui d heat exghapggEnmeanspory yapordzingushe: id satrogeni-t r dydskheat
does not include a second heat exchanger for transferring heat
directly from engine exhaust gases to the.nitfoqen;
The coolant system of the Zwick device circulates the coolant
10 fluid first through é'hydraulic oil-to-coolant heat exchanger |
where heat from Ehe_hydrau;ic system of the engine and the components
driven thereby are transferred to the coolant. Then, the coolant
fluid stream spiits in;o two parallel portions, one of which
flows through the engine block to absorb heat from the- engine
:15- and the other of which-flows through a manifold surrounding the engine

exhaust for absorbing heat from the engine exhanst into the coolant



exchamger to aid in controlling the tenperature of the nitrogen gas being
i?Jected into the well. The | oad on the-single internal combustion engine
of Zwi ck may be varied - -by "varying the back pressure on the hydraulic punp
dricven by the engine. Another prior art flaneless nitrogen heating
unit i's manu- factured by Airco Cryogenics, a division of Airco, Inc. of
Irvine, California. The Airco device also uses a single internal conbusion
: engi ne 20 driving a hydraul i c.pugp &hich produces hydraulic fluid under
' pres?‘sure for driving a liquid nitrogen punp. -The Airco device utilizes
air~as the heat exchange mediumfor transferring heat to the liquid
‘nitrogen to varporize the same. This is acconplished in the follow ng

manner. Agh@ide Phepyp Zﬁe twocgf.@@gﬁxs gaﬁgoxhésd hnﬁﬂemﬁéﬁénﬂi&% i‘z‘x%

drawn. Disposed in enum ¢ er In eat exchange cont act
“the air fLpw agnaaseeéaéwﬁa ha-x@fazdeauthéy%hcwa@ainhﬂéigexmeagsr
wherein hydraulic fluid heated by the engine and its various operating
conponent 8ihgléi sereamnewhibhoighdibecbedr 80l theotbolanti £18b@+td-nitrogen
exchanger -to heat the air. An enginle coolant fluid-to-air heat exchanger,
i .e., thevapgrbseradi Brom, the waporilzeposhe Fhuideretermsn tbatherhyoaulic
trans- ferring heat energy fromthe engine coolant systemto the air
flo%ing tatbugeoiae phenehycrompieting the loopadditionally, the exhaust
gases produced by the internal combustion engi ne are dunped dlrectly into
the pl enum chaftbEh FegaFrd %Pt khenaigregen&iay ?ﬁéFE?h?§u§H1¢kv the nitrogen

flows from the nitrogen pump through the coolant-~to-nitrogen heat

S
h

exchanger and then to the well head. A bypass is piovided around
the coolant-to-nitrogen heat exchanger by means of which liquid
10 nitrogen can be bypassed around the coolant-to-nitrogen heat |
exchanger to aid in controlling the temperature of the nitrogen
'gas being injected into the well.
The locad on the single internal combustion enéine of Zwick
méy be varied by varyin§ the back pfessure on the hydraulic pump
15  driven by the engine.
Another prior art flameless nitrogen heating unit is manu-
' factured by Airco Cryogénics, a division of Airco, Inc. of Irvine,
California. |
The Airco device also uses a single internal combusion engine
20 driving a hydraulic pump which produces hydraulic fluid under pres-
sure for driving a liquid nitrogen pump.
‘The Airco device utilizes air as the heat exchange medium
for transferfinq heat to the liquid nitrogen to varporize the same.
This is_accomplished-in.the following manner. A large plenum

25 chamber is provided into which ambient air is drawn. Disposed in

@



Me air flow ng through the plenum chanber, after it has been heated by #he
hygraulic oil-to-air cooler and the engine radiator. 15 and after-it has
ed with engi ne exhaust gases, then passes over an’ air-to-nitrogen heat

exchanger wherein heat energy is transferred fromthe hot air tothe liquid
nitrogen to vaporize the same. The |oad inposed upon the internal '
conmbustion engine of the Airco device may be varied by. varying the pressure
in the vaporized 20 nitrogen discharge line to raise the pressure

- agai nst which the nitrogen punp=i s5working and in turn raise the load on"
the .hydraulic punp driven by the internal conbustion engine which in turn

I ncreases the | oad. on the I nternal conbustion engi ne. Nunerous problens are

encouthe! sleUbhchiBodl | 66 hURE SEXAGRGED conedBEILYLRCEANSS1E" illbshae O

alr as rans ori OUS poor

| transﬁﬁérgﬁﬂfHEgﬁerOQpﬁ%ﬁF%&Pié bigutg- Qﬂgn%QStuéﬁcHEnggg'ﬁﬂéréi§ocauses

the systemto VEry mu ependent upon anbient air it1ons proper
oper ahy@Paulyldi E100d| hdat88cpyOrh8cehgifié AHAKYLEaVHECORE épébacszhenum
chanber required fébr the us€ of air as a heat-transfer nmedium the Airco:
systeebmpoueﬁysnnﬁhciﬁéarateaaenﬁoegatenelhyerahaicobilheopaeseHEatnventlon
of equal capacity.j Thus, it is seen that the prior art has recogni zed the
Sneed éxchangéanebeheahlthegahrvaporlzer but the devices 10 of this type
described -in the prior art have certain short- comi ngs and di sadvant ages.

Ve have nodndengine daolaptofdiuidetaoainnbeappaxshasgess ihaael &b heating

of afluid such ag ni trogen, whereby many of the di sadvant ages associ at ed
wi-t h pRgbRe Fa diator, is also disposed in the plenum chamber for trans-

ferring heat: energy from the engine coolant system to the air
flowing through the plenum chamber.
_—~ Additionally, the exhaust gases produced by the internal
combustion engine are dumped directly into the plenum chamber to
mix with the air flowing therethrough. | |
The air flowing through the plenum chamber, after it has been
Jheered by the hydraulic oil-to-air cooler and the engine radiator
and after it has miked with engine exhaust gases, then passes over
" an air-tc—eitrogen heat'exchenger wherein heat energy is transferred
from the ﬁet air to the liquid nitrogen to'vaporize the same. |
The load imposed ﬁpon the interhal combustion engine of the
‘Alrco device may be varied by varying the pressure in the vaporized
nitrogen discharge line to raise the pressure against which the _
nitrogen pump is working and in turn raise the load on the hydraulic
pump driven by the internal combustion ehgine which in turn increases
the load on the internal combustion engine. . |
. Numerous problems are encountered with the Airce'type device

25 mainly because of the use of air as a heat trahsfer medium. Air

”»



15 techniques are reduced or overcone. According to the invention, there isf/
provi Yed apparatus for heating a first fluid, conmprising: a first internal
awnbusti on engine; a nain punp for punping said first fluid; transm ssion
means connectlng sai d englne and 20 said nmain punp so that sai'd main punp
is driven by said first engine; a second internal conbustion engine; a
cool ant system neans for circulating & eoolant fluid and transferrlng heat
energy from'said internal conbustion engines to said cool- ant fluid; a
cookant fluid-to-first fluid heat exchanger neans, 25 for transferrlng heat
ener gy frohs sminpteooiensly| ppert Beali rapsfer meddum & comBRanfrGi ¥idn

retarder nPaNgsd CoRECEhE0uEe S GmbiadnENhads QRURYIThd Wy e lHd b
varying load“on said first engine so that an anount1§a1heat ener

t ransf er r XY gRRchi depandenk) “BBHbﬁE'PF'SH’%H‘@'Fﬂ@ I iM% p‘?‘??ﬁ d 30

?nddf rom S@%&é‘»@p&ﬁgt Ahaidxbﬁasmyddauastof lehied Lairge bulleyeaneidurs ofi d
oad exerted on said e said trans..mssion fetarde i S

i ncr easet!; theiPLARMB; ﬁﬂgﬂgafﬁ%gﬁareﬁt EPRatPS r‘ﬁ)us?’lf(’)n %Fl%gne%erabl e

i hdependentﬂ-gmofeﬁanddiumst thet Airneb systbest den vexy muchs clarger sthansecond

internal 35 co e e I i [

-7- heat s%uﬂrzé@l n a |t?g%@t °¥a¥hg P?(ragtg &ftn;i?rv)r?é*ﬁ ??m%u%sﬂ%%n%él%yﬁy.

t he anount of heat eFangy L#anefGPPEdthPGn¢§ﬁ1?“@9%ﬂaqﬁﬂ¥ﬁ?mﬂeﬁﬂﬁﬂﬁé??on

engi ne to aﬁédnsea' 0t Al i‘iﬂmbiehgsﬂfﬂt%'g‘é&t Vi dHinkrle wk fiige edéviees
energy for heating 5 said first fluid desi red ter’g)eratéjre |‘s or{d

coolantinQFdW¥§3fFYB? FP&Fthégt1@xéﬁ§n§€ﬁ°ﬁbéﬁé cer

comings and disadvantages.

_ We have now devised an 1mproved method and
apparatus for flameless heating of a fluid such as nitrogen,
whereby many of the disadvantages associated with prior art

15 techniques are reduced or overcome.

Accord1ng to thé invention, there is provided
apparatus for heating a first fluid, comprising: a first
internal combustion engine; a main pump for pumping said
first fluid; transmission means connecting said engine and

20 said main pump so that said main pump is driven by said first
engine; a second internal combustion engine; a coolant
system means for circulating a coolant fluid and transferring
heat energy from said internal combustion éngines‘to said cool-
ant fluid; a coolant fluid-to-first fluid heat e;changer means .

25 for transferriﬁg:heat'energy from said coolant fluid to said
first fluid; and a transmission retarder means, connected
to said transmission means, for exerting a vhrying load on
said first_engine so that an amount 6f heat energy transferred

~ from said internal combustion engine to said coolant fluid,

30 and from said coolant fluid to said first fluid, is in-
creased as said load exerted on said'éngine, by said trans-
mission rétarder means is increased; and wherein said second
ihternal combustion engine is_ope:able independently of said
first internal combustion engine, so that said second internal

35 combustion engine may be selectively used as an auxiliary



yonprising the steps of: punping said first fluid with a punp; driving said
Cpunp with a first 10 internal conbustion engine connected to said punp‘by a
transm ssion having a transm ssion retarder; operating & second internal '
conmbustion engine; circulating a coolant fluid through a cool ant system
means; transferring heat energy frgm_said first- and second internal
conbustion engines 15 to said coolant fluid; transferring heat energy f
sard" coolant fluid to said first fluid; and retarding said transm ssion"

Wi th Saigh t5ARSTE SPhORaARERbHCE 02BE 1N RHelE MHEEARR daRsheubss ed on said
first 1nternal combustion engine so.that the anount of heat energ

t r ansfEIFIRL (YRR 2bh e .rRORREPRaP BN BRSTISS R sernes SLrom 3t nt fiuid,
and frfdﬁsalﬁzg@ﬁhamcéhuudtiansangihler %o fddﬁdd,cdaamcriensml 8§ said | oad
exerted on_sai rs ine. by s rans i'on retar

mcrea%‘é%uf ho °§b85r ﬁf’%g"&ieﬁﬁeg ninaei ATk qrége ﬂi’?%after be
descr lskzerhvﬁﬂst ef Pubdctot a depishd tedpenatmd namtsaitinedglintnel ess

ni tro%e]ﬁé}ﬁaél nPir %a?g{lgg Hg\gﬁr gg‘gﬁqng;@t e'lﬁ;é nvention is not limted to

such ogen vaporizing unit of the 30
present inventi o’fhe nthventignf plsp provides (Qomﬂ'tqurpféﬁg?m%lml ving a

Ni L1 oQene HUIP #1109 gghsalarﬁa%ﬁba%%pr%&%ctt% S dge 4 an ifg is a

transm ssion retar
engi nesa¥dfinshpftubd Wathi AgPumIpsy e rdvimg 2aid PRI h cachirfh 35
t b t ra0Eei Sl Odoibaat #6h. englihe ¢ohnes tidde tiralaiiiiiiikp By a

transmission having a transmission retarder; operating a

.The i nvention al so provides a nethod of heating a first fluid, sai d-xrret,ho'd

second internal.combustion engine; ¢irculating a coolant
fluid through a coolant'system means, transferring heat _
energy from said first and second internal combustion engines
15 to said coolant fluidj; transferring heat energy from said’
coolant fluid to said first fluid; and retarding said
transmission with said transmission retarder and thereby
' varying a load exerted on said first internal combustion
~ engine so that the amount of heat energy transferred from '
20 said internal combustion engines to said coolant fluid, and
from said coolant fluid to said first fluid, is 1ncreased
- as said load exerted on said first engine by said transmission
retarder means is increased. | ,
' The method and apparatus of the invention will
25 hereafter be described with reference to a preferred em-
bodiment, namely flameless nitrogen heating, it being
understood that the invention is not limited to such a
method or apparatus.
A flameless nitrogen vaporizing unit of the
30 present invention includes a firSt'internal'combustion
engine driving a nitrogen pump through a transmission.
Connected to the transmission is a transmission retarder
for varying the load on the first internal combustion engine,
for example by varying a level of hydraulic fluid present in
35 the transmission retarder. This varies the heat output of

for varying thé |oad on the first internal combustion .



8 the.engﬁne and, thus, the heat available to the first fluid. A second

i nternal conmbustion engine is provided, which preferably drives three gAF
h?drauFic oi | :punps against 5 a variable back pressure so that a variable

| oad may be i nposed upon the second engine. Liquid nitrogen is preferably

first punped fromthe nitrogen punp'drhven by the first engine, into a
first heat exchanger where heat may bBe“tiansferred from exhaust 10 gases
fromthe first and second internal conbustion engines to the liquid

nitroden tQ cause. the nitrogen t ransf ok i.nt. asequs state. The
gaseous ni %mﬁﬁ?%?ﬁn??#éfe aBFyg?ggﬂéa?n?gaégggégnéghggg e%fﬁ%hger wher e
it is supeilhgiated by an engine coolant fluid to heat the gaseous nitrogen

to 15 essentially an agp'ﬁﬂa iﬁgggﬁgiuFgmblgﬁaﬁgpgﬁg%gkﬁgsggybleabd§ then

injected into the well. e _engi ne cool ant ) ) cool ant
ci rcul at i athimhtranefigrerkly dripesf thnpeyhydrentds Rddt PHMPS asAInAt

sources; Thugrla0ie By ckeptbaBale" 680that2d aeia8dlealbald Mad dg ectly
fromthe internal conbustion engine. Heat may al so be transferred to the-

cool ant_ f 13FRP IS HROR 1ERP sELEANE| BRELRAFCh fl ows through the transnission
of the first internaigaddusitpogengisecpoederadlyr ismits pump edetfrraler

| Ubr i cat | HRGTLPTBED BYmPrar tRbRcER, tBe Bir et sheistnanth 3 F¥Re o
conbust i otheayi erechamgen wherenheatemeybbei transfiersed from exhwaisthd t heir
ionanatr ey LU BRI SR Bl Nl
to the liquid nitrogen to cause the nitrogen to be transformed
into a gaseous state. The gaseous nitrogen then preferably
flows into a second heat exchanger where it is superheated
by an engine coolant fluid to heat the gaseous nitrogen to
15 essentially an ambient temperature. The superheated nitrogén
is then injected into the well.
The engine coolant fluid flows in a coolant
circulation system wherein it preferably receives heat
from séveral sources, Thus, heat may be transferred to
20 the coolant fluid directly from the internal combustion
engine., Heat may also be transferred to the coolant fluid
from transmission fluid which flows through the transmission
of the first internal combustion engine and the transmission
retarder thereof. Heat may further be provided to the
25 coolant fluid from lubrication oil pumped by the three
pumps attached to the second internal combustion engine.
In an alternative embodiment these three pumps and their
related oil to coolant heat exchanger are replaced by a
water brake dynamometer which pumps the coolant fluid.
30 The coolant fluid circulating system pfeférably includes
| a comingling chamber for comingling warmer coolant fluid
fiowing from the internal combustion engines to the coolant
fluid-to-nitrogen heat exchanger with cooler coolant fluid
flowing from the coolant-fluid-to-nitrogen heat exchanger

35 to the internal combustion engines. This aids in controlling



The coolant fluid circulating systempreferably ifcludés a coningling
agber for com ngling warmer coolant fluid flow ng fromthe internal

- combustion engines to the coolant fluid-to-nitrogen ‘heat exchanger with
cooler coolant fluid flowing fromthe cool ant fluid-to- ni trogen heat,
exchanger 35 to the internal conbustion engines. This aids in controlling
the tenperatures of the internal conBusti on engi nes to prevent overcooling
of the sane. The purpose of the second internal conbustion engine is to

prOV|de addi tional, heat for the vaporizatiop 5.qof.the nitrogen. This sedbﬁd
P o b HARER AR 6 S0 +HESREabCPARRY SHasn (REISIR 85t om ar o 0
|ntercpamaaﬁaidMéﬂbdbiiﬂgtofntnénahmeonbust|on engine and its associ ated

heat transfer éhg -t hat _the f% |ntehnaltconb ne may be used
al one for nitrog RHRRIPS 0% {’?ﬂ BECPHY O SRR 3h°°mq'f“f M heat may be
gener. atea@:.lm;e a.s|1n:gIra'wgdqeadditihnalapenrtza‘brorthteherra@ufr:.aﬂdmen for

hi gger Jfealy i | BLELNBboSRADLALLORIN YRR P il od and 11

heaf trans sys wor KI'ng i n conjunctron wth that i nterna
conmbusiandn msguaﬁsqnm%§xaat otnankfer systemgmasiecsosdinterconndated

vapori giing @l W08 St est %ﬂﬂﬁ&ti@hESn@Eﬁeswﬁ 18 idMbddid€ed

essentially anmbient conditions.. In ord the i_nvention nay be nore

fully Bﬁﬂ§r§mﬂﬂfoQﬁ%¥%ﬁﬂ%v|§hﬂﬁdEhPofFH€taéEGﬁﬁa§%lﬁfqhﬁﬂﬁ#ﬂﬁg i n whi ch:
20 engine @Rl used #ldieViow fAitoogenTpedduvtiiod appaapdss of the

| ”‘iS“t If%@ ?S’.%%l ysuaf:f.t:lj.c e:lrg %%egi:tlglggegeugle%erated by a single
' engine for the vaporization thereof, _and then for higher rates
the second internal combustion engine can be activated and
its heat transfer system 'working in conjunction with that of
_ the first internal combustion engine provides a total heat
15 transfer sufficient for vaporizing nitrogen at these higher
-rates ‘and superheating it to essentially ambient conditions, .
_ In order that the invention may be more fully
understood, reference is made to the accomﬁanying drawings,
_in which: o
20 FIGURE 1 is a plan view of one embodiment of
appér'atﬁs of the invention, namely a flameless nitrogen
unit; .




- 10« FIG 2 is a left side elevation view of the apparatus of FIG 1: | "
FIG 3 is a schematic representation of the nitrogen flow system 5

AG 4is a schematic representation of the coolant flow circul ating

system FIG 5 is a schematic representation of the flow of |ube oil from

the nitrogen punp to the lube oil-to-coolant fluid exchangers, the flow of

the transmssion fluid fromthe trans- 10 m ssion to the
traqgﬂissionfto-coolant fluid exchanger, and the flow of hydraulic oil from
the Three punps attached to the sec- ond internal conbustion engine to the
hydraulic oil-to-coolant fluid exchdfgers; FIG 6 is a sectional view of

~the nitrogen vaporizer discharge 15 = nmanifold showi ng the connection of

Gas. Losni tr of8f- nat ScRchanber ianadt kakanak LFPER Eh APpRERERE N T !

exchangg; gghG 17 is an elevation view of one of the coolant fluid co-
m ngl i ng chanmbers; 20 : FIG 8 is a sectional elevation view al ong

line 8-8 of Fk, 3 jand Skfremdtie PepPbséRBhARLOACEE! PReVhe¥ragant elbne 9-9
of FIG 8 FIG 10 is a schematic representation, simlar to FIG 4, 25
il lustrgysegman alternative enbodi nent of the present invention wherein the
second engi ne drives a water brake dynanoneter. _

5 FIG. 4 is a schematic representation of the coolant flow

circulating sysﬁem:

FIG. 5 is'a-schematic representation of the flow of lube
oil from the nitrogen pump to the lube oil-tchoolant fluid
exchangérs, the flow of the transmission fluid from the trans-

10 . mission to the ﬁransmissién-to—coolant fluid exchanger, and the
flow of hydraulic oil from the three pumps attached to the sec-
ond internal combustion engine to the hydraulic oil-to-coolant
fluid exchangers; -

FIG. 6 is a sectional view of the nitrogen vaporizer diséharge

15 manifold”showiné the cénnectipn of a bypass line thereto for
bypassiﬂg ligquid nitrogen around both the exhaust gas;to-hitrogen
heat exchanger and the coolant fluid-to-nitrogen heat exchanger:;
| FIG. 7 is an elevation view of one of the coolant fluid co-
mingling chambers: . \

20 FIG. 8 is a sectional elevation view along line 8-8 of
FIG. 7; and

FIG. 9 is a horizontal section view about line 9-9 of
FIG. 8.
FIG. 10 is a schematic representatién,'similar to FIG. 4,

25 illustrating an alternative embodiment of the present invention

wherein the second engihe drives a water brake dynamometer.



- Referring now to the drawings and particularly to FIGURES 1 and 2°
fl anmel ess nitrogen vaporizing unit of the present invention i's ‘shown
2 general ly designated by the numeral 10. The vaporizing unit 10 may: 5
gefierally be referred to as an apparatus for heating a first fluid, said
fluid being the liquid nitrogen. The apparatus 10 includes a rectangular
transportable skid franme 12 havr%g first and second opposed sides 14 and
16, and having third and fourth opposed sides 10 18 and 20. The first a

second. si des 14 i
appr oxi mat el 95|r1%f§fg§ €§ﬁ$t§%@%3 9% gﬁrg% %%?:ﬁy #%r *hrrd and
fourth ta JEGURESHH o2d |ﬁ7eeaflenginsaf nityegery mmzmt his

appr ox iyl of 1ffe i gdsent @Eeahtianaiar 8hewnSAntd LiHadiygpt . The
vapori zi ng apparatus 10 is surrougoe @% a protective cage 21 which, in a
of

pr ef er rARFIERRRIRY | thasnumesadh e yaRoTriing Wit TH) BA%tective
cage 521gdz§exr31138rwa\ra-éﬂeﬂ-eareclasoahhab hbewe:roxcqrwmrgsam nmay be
nore cl earI g%gél g/b gtgd ugoght @&‘3{% I&are first and second
int er nd7Y tiusd Being, Fegﬂr & h may al so be

referred to as fr'nsé applaratesdipoinacladesc as rdatanguladier r ed enbodi nent,

engi NS A AL BP0 8EFa FERE! 1 YORLAAEV AL 06« ST Son gl oS, 22

and 24 are on frame 1 he respect1ve ax rotation,
26 and s@'&emfﬂt rendrthk andfhavihgetbinds apd fioguth oppasédnsdes

subsjganig Eﬂrl&’ 400 a7l £Prst and second sides 1k and 16 define a
width of frame 12, which width is approximately 95 inches

(241cm) in a preferred embodiment. The third and fourth
sides 18 and 20 define a length'of frame 12 which length
is approximately 168 inches (427cm) in a preferred .
15 embodiment.
' ' The vaporizing apparatus 10 is surrounded by a
protective cage 21 wh;ch, in a preferred embodiment, has
a height of 96 inches (2kkcm). The protective cage 21
is not shown in Figure 1 so that the other components
20 may be more clearly lllustrated. .
Mounted upon the frame 12 are first and second
internal combustion englnes 22 and 2%, respect1vely,
which may also be referred to as flrst and second power
sources, In a preferred embodiment, engines 22 and 24
25 are General Motors 6V-92T diesel engines. Engines 22

and 24 are oriented upon frame 12 so that the respective
axes of rotation, 26 and 28, of the crank shafts of
engines 22 and 24 are oriented substantially parallel to
third and fourth sides 18 and 20 of frame 12.




_thirdeand fourth sides 18 and 20 of frame 12. 12 A conpressed air systeé%%i)
i§ provi ded on the apparatus 10 with an air conpressor driven by first
engi neé 22 commected to-a conpressed air storage tank for use with
conpressed air driven starters on the engines 22 and 24. 5 A

ni trogen punp 30, which nmay al so be referred to as a main punp, is located -
on frame 12 between the first engine 22 and second side 16 of frame 12. In
a preferred enbodi nent punp 30 is preferably a Halliburton HT-150 positive
disﬁTécenent punp havi ng Linde HP-60 fluid ends. 10 Ni trogen punp
30 is drivingly connected to first emgine 22 by transm ssion neans 32 and

by a gear reduction box 31. In a preferred enbodi nent transm ssion 32 is
“an Allison HT-750 transm ssion, and gear reduction box 31 provides a 5-to-1

gear reducti ol Rempressedinit syistem3dsapdorid@ed3dn the apparatusheo
transm ssion 32 is equipped with a hydraulic transm ssion retarder 33 of a

desi gn weiithkkramvaitro dompare ssliorl lded vien biye fdiris twenglinepRateaneetadmoner
simlar to that of a torque convertor with a | oad exerted on the '
transni s& eonpressed adrssitoriage tankr for msenyitbpeotpresspdnair driven
controll able | evel of a transmission fluid 20 - present in the

t r ansni s Ht@FEeR% e the eRIimegh 22 @M R4uid | evel in the retarder is, the

hi gher the | oad exerted will he. The second engi ne 24 has triple punp
i e uni't 24 MLAFROET, SYe 3o MRAGR T, QIR0 BeLFRIRTERS 51 BRndly

COMECt eI S, S Y P A 5 M, 255
24 are C%ﬂﬁﬁﬁbﬁ%fﬁ% 16 of frame 12. In a preferred embodimént pump 30 is
-preferably a Halliburton HT-150 positive diéplacement pump having
Linde HP-60 fluid ends. |
1° Nitrogen pump 30 is drivingly connected tq first engine 22
| by transmission means 32 and by a gear redgcfioq bpx 31. In a
;preferred embodiment transmission 32 is an Allison HT-750 transmission,
and gear reduction box 31 provides a 5-to-l gear reduction hetween
transmission 32 and pump 30.

- 15 The transmission 32 is equipped with a hydraﬁlic transmission
retarder 33 of a design well known to those skilled in the art
which'opg:a?gs in a manner siﬁilar to that of a torgue convertor
with a load exerted Sn.the transmissién by the tr#nsmission retarder
being dependeﬁt upon a controllable level of a transmissicn fluid

;_QG present in the transmission reﬁarder. The higher the fluid level in
the retarder is, thé higher the load exerted will be.

' The second engine 24_has a triple pump drive unit 34 attached
to the rear.end'theréof to which are drivingly ;onnected first, sec-
ond and third hydraulic pumps 36, 38 and 40, ﬁwo of which can be

25 seen in FIG. l. _
.The exhaust systems from engine.zz and 24 are connected to

an exhaust gas-to-nitrogén heat-éxchanqér 42 whicg is located



an exhaust gas-to-nitrogen heat exchanger 42 which is |ocated - 13 -
pet ween and above the engines 22 and 24 as shown in FIGS. 1 and 2. ' The »
d¥haust heat exchanger 42 is a means for transferring heat enerdy fromthe
haust gases produced by:engines 22 and 24 directly to the nitrogen-

| owi ng through the tube side of 5 exchanger 44. The tern1"direct|y"
is.used to indicate that the heat energy is not passed through any ..
i nt er medi ate heat transfer fIU|d_neghun1betmeen t he exhaust gas and the\J
nitrogen. A coolant fluid-to-nitrog héat exchanger 44 is |ocated behind
second engine 24 near the fourth side 20 of franme 12, for 10
transferring heat fromthe coolant fluid dlrectly to the nitrogen. First
and sdshmeerpanshtabiove hemngines) dhanskrd? 48 Fhews i FIGtated near
third and fourth sides 18 and .20, respectlvel of fra 12 just_to the
rear @9 i%st THRI VNBIE HRpaxchangar A2 %s"pé@ﬁ#% or jgransferring

{r ans %b"ve ”a”%?éfé%b"é‘r% i bt St DEE o R0 2 S 4’? the
engi neud 3 Ap 1y, L' AU B e 3 %%%*i%% e "#‘“% 46 Beg -t ’
g1 rst a?fg“é}“%i‘.ydrﬁ&ﬂ %}ﬁﬂ“ﬁ? ‘%é%ﬁ&g 85 ind Ay ¢ |

provided ftor” transferring heat energy ron1a raulTc fTurd punpe y

DUNDS Hifat Hhens 4b (ot HFadeud Aeddd Chng e Ciiga £008 i &0n AIe e MY

also be referred to as hydraulic fluid-to- coolant fluid heat exchangers.
25  fluid medivmbetaan thlexhddst sga8 @ndlethd aiitrog@ierring heat

A coolant fluid-toenitrogen:heat exchanger 44 isllecated
behind second engine'24 near the:fourth side 20 of frame 12, for
10 transferring heat from the coolant £fluid directiy to the nitrogen.

First and second eodlant.fluia comingliné chambers 46 and

—_—

48 are loceted near third and fourth sides 13 and 20, respectively,
of frame 12 just to the rear of first and second engines 22 and
24, respectively.

15 Located above tranemission 32 are a plurality of heat
exchangers for'transferrihg heat.energy from various sources on
the apparatus 10 to the engine coolant.fluid which circulates
through the cooling systems of the eeqines 22 and 24. These heat
exchangers include the fcllowing. |

20 First and second hydraulic system coolers So_and-sz, respectively, .
are provided for transferring hear energy from a hy&raulic fluid |
pumped by pumps 36, 38 and 40 to the coolant fluid. HYdreulic
coolers 50 and 52 may also be referred to as hydraullc fluid-to-
coolant fluid heat exchangers. .

25 A transmission cooler 54 is provided for trensferring heat



energy fromthe transmission fluid circulating through transmssion 32, and
its associated transm ssion retarder 33, to the coolant fluid. First and
stcond: nitrogen punp cool er's 56 and 58, 5 respectively, are provided for
transferring heat energy froma lubricating fluid circulating through .
nitrogen punp 30.to the coolant fluid. Nitrogen punp coolers 56 and 58 may
also be referred to as nitrogen puapikubricating fluid-to-coolant fluid
heat - exchangers. 10 . Referring nowto Figure 3, a schematic flow
di agk@#m i s shown for the nitrogen system of the nitrogen heating apparatus
10. The niemwestgsn fxnom Boe t thanshi geidnnflubdenifeoikaiingqidhdomighr ogen
.source 60 ' s 4 Jd fe d; ' a ls f I mtely
15 3. 000 ol ams o Af: A L PY RPREEDR et trBnEaRas BN el ed o
frame 12. W diteihycteant2fteidect s the discharge of nitrogen pump 30 to

the tube side of exhpusit hgRd SEHRAIRItHgehiChu}NBEdl 83568 mAM5Y0i nes
22 and 24 are 20 passed through the shell  side of exchagggr 42 as indi cat ed

t |
by arrdws TEFRARFIEEELYMAT S RE VHIeHoheR FFERFEARFLRE BREE SPen®uSTIRat
exchanger A2Aubricd €N flui@® Oireapa bxhgutRi-yulhr hl trdgenCoumphagohars

supplied exhaust eééga er 42.1s 25 approximtely_suffici.gnt to wvaporize
the nitro seetant %?‘?Zeaﬁﬁff?ﬁﬁﬁnpg's?tgog;ﬁﬁﬁslsge%’ﬁar? o222 A heans
of condui heéGeflerrddniperas mittovdgepppanp nhtbrichting €loddi-tt o6 odilraach s

t he vapor&qﬂiéﬂﬂéggﬁgkgﬁgﬁkgpg_tube side of coolant fluid-to-nitrogen heat

exchan%Fr
1 Referring now to Figure 3, a schematic flow

diagram is shown for the nitrogen system of the nitrogen
heating apparatus 10. The nitrogen pump 30 takes liquid
nitrogen from a liquid nitrogen source 60 which, in a
preferred embodiment, has a capacity of approximately

15 2,000 gallons (7.6m3).' The liquid nitrogen source 60 is
not located on frame 12. A discharge line 62 connects the
discharge of nitrogen pump 30 to the tube side of exhaust
heat exchanger k2.

_ Hot exhaust gases from engines 22 and 24 are

20 passed through the shell side of exchanger 42 as indicated
by arrows 64 and 66. _

The liquid nitrogen from pﬁmp 30 enters exhaust
heat éxchanger_42 at a temperature of approximately -320°F
(196°C). The heat supplied by exhaust'exchanger ko is

25 approximately sufficient to vaporize the nitrogen and the
vaporized nitroéen exits exhaust exchanger 42 by means of
conduit 68 at a temperature of approximately -200°F(129°C).

Conduit 68 directs the vaporized nitrogen into
the tube side of coolant fluid-to-nitrogen heat exchanger

30 44, Warm coolant fluid from the system generally shown in
Figure 4 is passed through the shell side of exchanger 44
as indicated by arrows 70 and 72. The heat transferred from
the coolant fluid to the vaporized nitrogen in coolant fluid
heat exchanger 44 superheats the vaporized nitrogen to

35 approximately ambient temperatures of 70°F(21°C)—t 20°F
(11°c) at conduit 73 exiting exchanger 4k,



#psed through the shell side of exchanger 44 as indicated by arrows 70 and
The heat transferred fromthe coolant fluid to 'tthe vaporized, nitrogen ®

in coolant fluid heat exchanger 44 superheats the vaporized nitrogen to 35

approxi mat el y anbi ent tenperat ur e of [err] [err] at conduit 73 exiting
.exchanger 44. - 15 - As is shown in Figure 3, the exhaust heat exchanger
42 ;and the cool ant heat .exchan 44 are so arrapged . rel ative to the e

direction of flofHfT hﬂ"ﬁ‘f‘fr’o‘giimf sheggihﬁﬁgguﬁé‘a?‘eé?changer 42 s ™
. | ocat edxzhapyiercdrd aind heh€ onbebant chabatxekengagesd thAakrier o bypass conduit
" neans 74 _is provided for pAsSi liguid nit en _past exhaust heat

exchan@gfan TS rf%’.adt esp%;s/e%’? n&%‘?%?l%?pggség Hdﬁ?t %ﬁ? is a manual ly

oper abhé trogero|that vih & Gexiawest fheat deschangens 42oi sl 0 ocarttedol | i ng t he

anmognt uﬁfstgr'ew %@lﬁ,{g&g&%gmé thQ@ﬁéﬁ%eﬁr gynd exhaust heat exchanger

e

42 So that a contro portion of nitrogen Is so bypassed. A second bypass
conduit neans 78 #&rfinseby¥pasancondnibymeanengll Leupaoyidesyen past both

the expaysbypeaisity %cgaweﬂﬁae@gsn a880ekiauseohallt RekhadgEanger nmeans

44. Disposed,in second bypassing conduit 78 is _a nmanually operabl e control
val ve B@ang ity | P R Fieshybypane 6PndNith 7tthd safo AUl LY qui d
ni t r ogepepablied ddidl wElPd (70 yWHESch CpReviiesBanmpans eoxtrol | ed.- 20
Thgoflgg%t%% f%%g”%kéngﬁgﬁhgquuiiq&?&“ﬁiléogen’which is bypasséd

around exhaust heat exchanger 42 so that a-cbntrolled

-<3§44. Warm cool ant fluid fromthe system generally shown in Figure 4 I's,.

portion of nitrogen ié so bypassed.
A second bypass conduit means 78 provides a means

for bypassing liquid nitrogen past both the exhaust heat

15 exchanger means 42 and the coolant heat exchanger means Lk,
Disposed in second bypassing'conduit 78 is a manuglly
operable control valve 80, which is a needle valﬁe, by means
of which the amount of liquid nitrogen passed through
second bypass conduit 78 may be controlled.

20 | The first and second bypass conduit means 74
and 78 are commected in pérallel so that tﬂe second bypass

means 78 is operable




gperable . 16 - independent of first bypass means 74 allow ng liquid
itrogen to by bypassed through either one or both of the bypass neans.
Di scharge, conduit 73 from cool ant heat exchanger neans 44 and second bypass
conduit 78 are both connected to a discharge 5 mani fol d 82. Discharge
mani fold 82 is.shown in section in FIG 6. Dis- charge manifold 82 includes
a fitTst inlet 84 to which is con- nected conduit 73, and a second inlet 86
to WHich is connected bypass conduit,Z8. 0 A thernowel | 88 is
di sposed in manifold 82 so that a tefnp- €erature.indicating nmeans (not
shown) may be connected thereto to neasure the tenperature of the
super heat i dpdrideif) o filrdt5 Bigadn mthd MImalloWioigl 18uild aigirogen et 90
thereof. The outlet 90 is connected to a nitrogen discharge line 92 which 5
directs tée wpshenied thtowdere it one ox foxebhi of (hhet byPasise meaniso
nitrogen gas is used to produce-the fracturing gel solu- tion which is in
turn directed Dischapgen caditit B finom (eoalarnt rohemgeare mgans 4 ch
is being treated. Connected to.the conduit 73 between cool ant ea%} -
exchangerami second hypPAs S RN 4 Anm it Fanected £a & ;A}ﬁ,ﬂ AHI%al ve
102 and an access flange 104 adj acent an access valve 106. Referring now to:
FIG 4, tMREeld 8%y eshown a schematic flow di agramfor the coolant fluid

id
L A oy Uy P D e

charge manifold 82 includes a first inlet 84 to which is con-

" and AL are connect éd i'n‘par allel so that the second bypass means 78 is

nected conduit 73, and a second inlet 86 to which is connected
bypass conduit 78.
0 A thermowell 83 is disposed in manifold 82 so that a temp-
erature indicating means (not shown) may be connected thereto
to measure the temperature of th;'superheated nitrogen which is
discharged from manifold 82 through outlet 90 thereof. The
-oﬁtlet 90 is.connecfed'to a nitrogen discharge line 92 which
5 directs the superheated niérogen vapors to a foaming unit 96
| where the nitrogen gas is used to produce the fracturing gel solu-
tién-which-is in turn direéted through a conduit 98 to the well
head 100 of the well which is being Ereate§. |
COnnécted.to-ﬁhe conduit 73 betﬁeen coolant heat exchanger
0 means 44 and discharge manifold 82 is a safety relief valve 102
and an access fl?nge 104 adjacent an access valve 106.
. Referring now to FIG. 4, fhere is thereshown a schematic
flow diagram'for'the coolant fluid which flows through the shell
side of coolant fluid heat exchanger 44 as indicated by arrows

5 70 and 72 on FIG. 3.
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17 - In FIG 4, coolant fluid-to-nitrogen heat exchanger neans 44 is ¥
pwn schematically in a manner simlar to that in.which it is shown in

G. 3. Conduits leading into-and out of the shell "side of exchanger 44
a¥e designated by nunmerals 70 and 72, res- 5 . pectively, correspending
to the arrows 70 and 72 of FIG 3. The warmcoolant fluid enters heat
exchanger 44 through conduit 70 and in the exchanger 44 transfers heat to

the nitrogen flowi ng through the tube side of exchanger 44, as indicateddy

arrows 68 and 73 shown in phantoyp | ises, and a cooler coolant fluid exits
10 exchanger 44 by neans of conduit 72. The other end of conduit 72 is
attached to a tube side inlet 108 of hydraulic cdoler 50, ., A tube side

outl et 11PnoFIGyddautoolant| €lutd-teo~-nbbhnegéendheataekchangedemeahst 112 of
second hydraulic cooler 52 by a conduit 114. 15 "A tube side outl et
116 é# tscshdwhyschematicadlyrislai mapner admidart soathabeisi wbirchl ét 118
of transmi ssion cooler 58 by conduit 12W A tube side outlet 122-of
trank®i SBoWR #80FEG.53. | sCendnbétscleadingcdntni andoguphpéhthe sheali s

COARSEAR ok MR T KrSCARLEhAERAK ndeRraLe DECab Sanebhol o2 o
20, BhesHTRETC VB YeppRths, BarenUibebul o haf 73! o FIRLCE, P Ral 0L
coribaldberady! $06.8, Uichut, Guak BathaiSatndunkhedinh SUBugEchsr o0 1
condghd i40the exchanger 44 transfers heat to the nitrogen flowing '
ﬁhrough ) {:he tube side of ‘exchanger 44, as indicated by érrows 68
and 73 shown in phantom-lines, and a cooler coolgnt fluid exits
exchanger 44 by means of conduit 72. .
The other end of conduit 72 is attached to a tube side inlet
108 of hydraulic cooler 50. A tube side outlet 110 of hydraulic
cooler 50 is connected to a tube side inlet 112 of.secdnd hydraulic
cooler 52 by a conduit 11l4. '
A tube side outlet 116 of second hydraulic cooler S2 is con-
nected to a tube side inlet 113 of-transmissioﬁ cooler 58 by

conduit 128: A tube side'dutlet 122 of transmission cooler 54 is

connected to a conduit 124 which in Euriz is connected tn hvdraulically

parallel conduit 126 and 128 leading to tube side inlets 139 and
132 of first and second nitrogén pump coolers 56 and 58, respectively.
A tube side outlet 134 of first nitrogen pump caqler 56 is
connected to a first inlet 137 of first comin@ling chamber 46 by
a conduit 136; "A tube side outlet 138 of second nitrogén pump
_ cooler 58 is connected to a first inlet 141 of second comingling

chamber 48 by a conduit 140.

N



- 18-*~The details of construction of com ngling chanbers 46 and 48 are
sgown in detail in FIGS. 7-9. Coolant fluid exits a first outlet 142 of
con1ngllng chamber 46 t-hréugh a conduit 144. The other end of conduit 144
is con- 5: nected to an inlet 146 to the water j acket of first engine
22. The coolant fluid then flows through the water jacket of engine 22 and
exits the water jacket at outlets 148 and 150. A conduit 152 is connected
at.oQe end to outlets 148.and 150_an 8at the other end to a three-way-
thernostatically controlled val ve~15 10 - A first outlet 156 of

val ve 154 is connected to a conduit 158 f or directing coolant fluid to a
radi ator 160. A second outlet 162 of valve 154 i's connected to a conduit

164 for dir epki detaddk- oEntohkdrdction 8Ecabfihglehglohambetsr 86 &Adi ngling
chanber 146. Dependi ng upon the tenperature of the coolant fluid entering
15 48hareoshatwncahl detadllr ahl 2dG8al ve9154, the coolant fluid i's directed
to one of first and second-outlets 156 or 162. |If the coolant fluid is too
hot it is dfrodapl fdufidr exitat Refizsé antilet d¢4avefi- comdnglingdthenber160

“where the coolant fluid is cooled by heat exchahge wth. air flow ng past
the oufl§i §8rePgRadi sPRAULE0144cx hEhe ggher epdsef camrduds| AAf isuFents

ted d 2. and dir- ectl d_inlet first
Bom ngPPRGSENERDER TAGSETAAS D! he PRRT APFEBECAL: ALERENSREHOR) ?51523'5?‘3

172, “pBoot8ReTRIRY, kHEp KTEE' PReBloiEhd Hheess shekRelPs Sndthe 472 o1
and exits the water jacket at outlets 148 and 150. A conduit 152
is connected at one end to outlets 148 and 150 and at the other end
to a three-way thermostatically controlled valve 154.

io - A first outlet 156 of valve 154 is connected to a conduit 158
for dlrectlng coolant fluld to a radiator 160. A second outlet
162 of valve 154 is connected to a conduit 164 for directing cool-
ant fluid to a second inlet 166 of first comingliog chamber 146.

Depending upon the temperature of the coolant fluid cntering
I35 ~ thermostatically controlled vélve 154, the coolant fluid is directed
to one of first and second.outlets 156 or 162. If the coolant
fluid.is too hot it is directed to first outlet 156 and to conven-
tional radiator 160 wbece the coolanc £luid is cooled by heat
exchange with air flowing past the outside of radiator 160. Other-
20 wise, the coolant fluid is directed to.second ouﬁlet 162 and dir-
ectly to second inlet 166 of first comingling chamber 146.

The coolant flcid directed through conduit 158 to radiator

160 enters the tube side of radiator 160 through inlets 170 and 172.

25



adi ator 160 and is directed to inlet 146 of the mater Jacket of flrst'?'

ghgi ne 22 by a conduit 176. An overflow conduit means 178 is connected.to ¢
3 overflow outlet 180 of radiator 156 and an overflow outlet 182 of first
om ngl i ng chanber 46. Overflow conduit 178 is connected to a first® surge -.
. tank 184 from which a coolant fluid make-up conduit 186 directs cool ant '
fluid to a make-up inlet 188 of first radiator 160. Surge tank 184 serves
to de-aerate the coolant fluid and provide make-up fluid. Al of the  w
coolant fluid which flows fyomgirst comngling chamber 46 through conduit
- 144 to the engine 22, or which i1s recycled through the radiator 160 and-
then back to the engine 22, eventually returns through the conduit 164 to

the segpad &%f&aé%mmcemm B%4+80aCRABECE 10 BRclety 1YY descr i bed
ool ant ul

The ¢ entering second Inle 6 wh ch as j ust been heated by
thgaiatst €60i 88a22si aiphrebaakby iRiLEed 10t BEOEneTWHat@redaticklt t he cool er
coolant fluid entering first inlet 137 within the com nglli ng chanber 46. A

- poft fbpsef ehgifieci Bgl adcondudst 176yi d i s that which was previously :
described as exiting first outlet 142 of com ngling chamber 46. A second -
porti ohnodvenflowncondudtcmehnst 178uid wonhectiede tohanmhevesElow t S second
outlet 190 of com ngling chanber 146 by means of conduit 192. The
towpbett L8O of radiatoraiséf rniddasnoyerfiow outliet d8219E filwst preferred
enbodi nent , proxi mately 160 to [err] géprr] to [err]) - 20 - The
eppingling ehasgercéﬁran?verﬁieweﬁpeﬂpﬁg cted it® approxi mately

190 The tenperatur f the coqlant fluid exilti
a-girst surg tank ia? from ﬁ? a coolant fldy% make-up conduit

186 directs coolant £luid to a make-up inlet 138 of first radiator
160. Surge tank 184 serves to de-aerate the coolant flﬁid and
proVLde make-up fluzd. |
All of the coolant’ fluid which ‘flows from ' first cominglzng
chamber 46 through conduit 144 to the engine 22, or which is recycled
through the tadiator 160 and then back to the engine 22, eventually
feturne through the conduit 164 to the.second inlet 166 of co;
mingling ceamber 46 as previously.described. The coolant fluid
entering second inlet 166 whlch has just been heated by the flrst
engine 22 is physically mixed wzth or comingled with the cooler
. coolant f£luid entering first inlet 137 within the comxnglxng chamber 46.
A po:t;on of this comingled coolant fluxd is that which was
previously described as ex}txng first outlet 142 of comingling
Ychamber 46. A second portion of the comingled coolant fluid within
the chamber 46 exits second outlet 190 of comingling chamber
146 by means of conduit 192. '
The temperature of the coolant £luid entering first inlet
137, in a preferred embodiment, is aoproximately 160° to 170°F

o

(71° to 77°C)




outlet. 5 . The com ngling chanber 46 serves to raise the

t énperature of the cool ant~ Fluid directed to the cool ant system of first
engi ne 22 higher than'it would be if the com ngling chanber 46 were -
elinminated and the conduit 136 were connected directly to the conduit 144
Thi s hel ps prevent over-cooling of the first 0 engi ne 22 and prevents
t he mmechani cal probl ems which can_arise as a natural consequence of
over>¢ooling an internal conbuStlg efigine. The entire systen1shomn in FIG
4 may generally be referred to as a cool ant system neans. . The

vari oys, .C iC ro to
the héar %%%% %%gﬁg 4Q§;y%% Eﬁ%al %gﬁggsgrﬁgg&n SE% dDQ%ébélant %|UId
condugy ’ﬁﬁé o V@R 0 "&QE% L :f: i

cool an?p'f}%u ggghgﬁge?{hﬂ%t%o t e%?"l%r%st%@;?\: %sgé%r}g%gngltrt\%g %ﬂ &%]4
may 0fxrstgﬁﬂﬂr%bbbn@?d@%%&%stQza%n% 39901 Q@%ﬁ@%ﬁdﬁd&ﬂ} qQEBPECt (gBPC)
means. Al'l of the various heat exchangers, comngling chanbers, radiators,
sur ge g ksacwperepd the like shown in FIG 4 nmay generally be descrlbed
as being disposed in one of these first or second coolant fluid conducting
steans. 25 The comihigliswr ahambex A6 servies cortductaise then tesngadatuye f| uid
-21- from exchanger 44 to the engines 22 and 24 splits the two parall.el

streaf &thet MQlcatlﬁuimdmm dld dhhesoosdantasyshen of ftgisted at t he

tee 204 in the first coolant fluid con- ducting neans. The first and second
engi n@8gines?@ higher than it would be if the comingling chamber 4

firstzand second outlets'142 and 190 is approximately 180F [err] for each (%%b

were eliminated and the conduit 136 were conngcted directly to
the cdnduit 144. This helps prevent over-cooling of the first
0 engine 22 and prevents tbg mechanical problems which can ﬁrise
as a natural consequence of over-cooling an internal.combuStion
engine. |
The entire system shown in FIG. 4 méy generally be refefréd
to as a cooiant system means. |

The various conduits which return the coolant £luid from

W

engines 22 and 24 to the heat exchanger 44 may generally be
described as a first coolant fluid.conducting means, and the
various conduits copducting coclant fluid from coolant fluid'
heat exchanger 44 to the first aﬂd secbnd'engines 22 and 24 ﬁay
0 generally be described as a second coolant fluid conducting means;
All of the #érious heat exchangers.'comingling chambers,
' radiatbrs, surge tanks, pumps and the like shown in FIG. 4 may
generally be described as being disposed in one of these first
or.second coolant fluid conductiﬁg means. |

s The second coolant fluid conducting meané supplying fluid .



L

S \ therefore, be said to be connected in parallel between the first an
&ond coolant fluid conducting nmeans, so that the coolant fluid fl ow ng
om t he second cool ant fluid conducting nmeans to the first coolant flukd

conducting neans is split into first and second-coolant fluid streans

flow ng past said first-and 0 second internal conbustion engines’ 22 and

24, respectively. The com ngling chanbers 46 and 48 nay each be generally

‘referred tto as a transfer neans, connected to the first and second cool ant,

fluid conducting neans betw&en 2hhe =engi nes 22 and 24 and the heat exchan®€r
means 44, for transferring heat energy fromcoolant fluid in the first

L

CoOleain ehidhdngeRdUq! ikl tHRARRJiReE0P22nd 120 Golldhenweaaryd cool ant fluid

conducti ng nmeans. The com ngling chanber 46 coul’'d be replaced by a nore-
conyaFailaedl sheaamexatantrr ced Q2s5doeTheotewd ?atﬂaﬂ.ﬁellmsi:fdé&lg Rge 0 and
fromengine 22, but due to the fact that the fluids are identical and the
t enpgainucomtiihied att ithe itees204 imheheorfiirgt rRpolamthaluis pro-erred
because it provides a nmuch | arger heat exchange than would a conventi onal
sheducting: meansxchIhgefigistsiand secondienginesr@2 and 2® mayThe conduits
connecting second com ngling .chanber 48 with second engine 24 are simlar

to therefore.dbdec sl toe b SPnMacked: dn Ranaidealhheatueens they figak engine -

22. The second comi ngli .chanmber 48 includes the first in- 5 l et 141
oniande segRad cealant, Flid Fandacting) s ans. 5% Ak G SARIAA 106 and

198f1§§%9@ﬂo%&%5¢%r% 8tb% Pe L (%%Jf%n (¥Tg¥atc&§g%cting'means to.

the first coolant fluid conductingameans is split into.first
and second coolant £luid streams flowing past said first and
. second internal combustien-engines 22 ahd.24, respectively.

The comingling chambers 46 and 48 may each be generally
referred to as a transfer means, connected to Ehe first and
second coolant fluid conducting means between the engines 22
and 24 and the heat ekchanger means 44} for tﬁansferring heat
energy ﬁrom-coolant.fluid in the first coolane fluid conducting
means to coolant fluid in the second coolant fluid conducting
means.

The comingling‘cbamber 46 gould'be :eplaced by a more )
conventional heat exchénger'which does not mix the £luid fiowing
to and fiem engine 22, but due to the fact that the fluids
are identical end'the temperature differential is small the
comingling chamber is praferred because it provides_a much
larger heat eXchange than would a conventional Sheil_and tube

exchehger of similar physical size.



i

Condui*t's 192 and 200 returning coolant fluid from comingling chanbers 46
an¥ 48 both connect to a carmmon return line 202 at 10 a tee connection
204. Return conduit 202-is connected to a suction side of a coolant fluid
punp 206. The di scharge side of coolant fluid punp 206 is connected to the
conduit 70 which has previously been described as connected to the inlet of
the shell side of 15 cool ant fluid heat exchanger 4. Punp 206 is a
hydrawlical |y powered punp which is driven by a hydraulic notor. Although

not illustrated in FIG 4, it is desirable to conduct a smaller portion of -
the flow of warm coolant fluid fromthg2discharge of punp 206 through a
heating jacket around 20 the fluid end of nitrogen punp 30 to heat the
sarne. - 23 - The details of construction of com ngling chanber 46 are

shown i n Fl GBhe7cendusssordnoernianli sagecohdnbominglisgsehambhery48onst ruct ed.
FIG 7 is an outer elevation view of com ngling chamber 46. 5

Comi ngl wAghcsespee saginel 34care samilaz t9 shasnjuatcdesaribedchetweani ng
208 to which the inlets 137 and 166 and _the outlets 142 and 190 are

connect 4¥SK 68512561P§ chamberc46; angn&iggcrngineof2nousi ng 208 by a

| ocki ng col | 212. The ov QW 0 cap 210.

Referring nowioSEFen °°m?59§é85|%h&ﬂkségggfﬁﬁﬁi§achegBﬁuleFﬁelg 8 of
5, 7o B THIERAR, oS SyReRL S0k B ekl s MRRa G S R,
to the gykibersUnb3Cand 198YS' Blcond outlet 198 is connected to a conduit
200.
Conduits 192 and 200 returning coolant fluid from comingling
chambers 46 and 48 both connect to a common return line 202 at
| 10 a tee connection 204. _
Return condﬁit 202 is connected to a.suction side of &
coolant fluia pump 206. The discharge si@g of.cooiant‘fluid
pump 206 is'connected'to the conduit 70 whgéh has previously
been described as connected to the inlet of the shell side of
15 coclant fluid heat exchanger 4. Pump 206 is a hydrauligally
. powered pump which is &ri;en by a hydraulic motor.
Although not'illﬁst:ated in FIG. 4, it.is desirable to
conducﬁ a smailer §o;£ion of the flow of warm coolant fluid
from the discharge of pump 206 th;ough a.heatinq jacket arocund

20 the fluid end of nitrogen'pump-30 to heat the same.

(



208 for attaching the sane to the frane 12 of the flanel ess nitro?
n vaporizing unit 10. Inside the housing 208 are first, second anhd third @
Jb ffles 220, 222 and 224.' As is best shown in FIG 9 which is a horizontal
\ S¢ction 20 view along line 9-9 of FIG 8, the baffles are attached to
wo central vertically oriented parallel support |egs 226 and 228 whi.ch set
I n rectangul ar cut-out spaces in the baffles. The baffles are attached to

t he support -l egs 226 and 228 by wel ding or other suitable neans. 25 /-
The operation of the com ngling chanber 46 is as follows." - 24 - The
cool er coolant fluid enters first ighet 137 and the warmer coolant fluid

enters second inlet 166 and the Two tréans of fluid begin comngling with
b o e A U LA A B 58
220" o, b K58y i o SO TR, o o B e D

i al Ty e ted A A R, SRR i o it fng e

Ref er rdampuav 4@, FI G 5, a schematic flow diagramis shown for the-shel
side fluids of the hydraulic coolers 50 and 52, the transm ssion cool er 54

sand the ni igoagigigJANY clomisds 66 tislkdes dhfettivally copidwted | ey Tiadrough
the tube sides of those exchangers is represented by phantomlines in a o
nmannerdriital haeisingr20® tdathisttovehe nifdléks 43Dramd dl66 amd rehatovtlets t he

two draw ngs.
142 and 190 are connected.

A cap 210 is connected to the upper end of housing 208
by a locking c&llar 212. The overflow outlet 182 is étﬁached-to'.

10 cap 210. _

Referring now to FIG. 3 -a sectionai elevation view about
line 8-8 of FIG. 7 is thereshown. A base plate 214 seals the
lower'énd of'cylindrical_hpusing 203._-First and sécond'mounting
brackets 216 and 218 are attached to the outer sufface of housing

‘15 _' 208 for attaching the same to the frame 12 of the flaméless_nitro-

' gen vaporizing unit 10. _

Inside the housing 208 are first, second and third baffles
220, 222 and 224." ‘

As is best shown in FIG. 9 which is a horizontal section .

20 view along line 9-9 of FIG. 8, the baffles are attached to two
-central.verticalif oriented éarallel support legs 226 and 228
which set in rectang@lar cut-out spaces in the baffles. The baffles
are atiached to the'suppért legs 226 and 228 by wélding.or other

suitable means.

The operation of the comingling chamber 46 is as follows.

It
)



In tdhe | ower portion of FIG 5, the three hydraulic punps 36, 38 and 40 '6§;a
ghi ch are -driven by second.engine 22 are thereshown. The di scharge sides -
226, 228 and :230 of punps 36, 38 and 40, 20 _respectively, are connected:
to a commopn discharge line 232. Dis- posed in discharge line 232 is a
pilot controlled relief valve 234 which allows the discharge pressure in
di scharge line 232 to be controlled and varied. The pilot controlled relief
valxg‘234 includes a relief valve which may be set at the desired operating
25 . backpressure for the discharge i ne232. The relief valve remains-
25 - closed for a very short pericd®of"time after the positive dis-
- placenent punps . 226, 228 and 230 have begun operati :uqé+4 the pressure in

di schar gthexooker heeolant praid enkers K1inHk cwlt%nf% i \kn%épﬁmi gned

}&2?22&%{%& i'gi?i@“%%%?fe?é@??mﬁé i#%@ﬂj%&e Ik %“cis”%%is?,foeée;

. lp.oa, . . . - :

ffléﬁel %Elfmﬁééfp e i oDl iy ot éaibae*‘e%°%%f%‘€e%€%f?;ﬁr% ef
ST IO . . . . -

Lo Y hat T g SOBEAGRRECFL ha 1y dingida | enfQIGE RoithdBInS ot 294

angl Chan%@tﬁé%aéi@& of43 hgndeld@® ¥fd V@itoeEiar o ¢H@ €DIHd Ols

consol e. I's- generated and transferred to the hydraulic fluid as it is

punped tféP1ebedd CePLE® Shy el Ss@ddnd Oarid Jeird tbalf P1és 1222 andiC2DEstd he
restriction in pilot controlled relief valve 234. The punps 36, 38 and 40

al ong Wi ifs@ié otheeohgn| midingl orfcomingl Dtd of thve dewa Liquixb| stieams neans,

connected to second internal combustion engine 24, for exerting a varying

| oad on so that the liquid exiting the two outlets 142 and 190 is essen-
tially of the same temperature at each of those outlets..

10 Referring now to FIG. 5, a schematic flow diagram is
shown for the .shell side fluids of the hydraulic coolers 50 and
52, the'transhission cooler 54 and the nitrogen_pqmp coolers
56 and 58. The flow of coolant fluid through the tube sides of
those exchangers is represented by phaptom lines in a manner

15 similar to thﬁt shown in FIG. 4 for aid in correlation of the
two drawings.

] In the lower portion of FIG. 5, the three hydraulic pumps
;6, 38 and'4q whiqp qfe driven by seéond engine 22 are thereshown.
The discharge sides 226, 228 and 230 of pumps 36, 38 and 40,
20 respectively, are cbﬁnected to a common discharge line 232. Dis-
posed in diséharge 1ine.232 ;s a pilot controlled ;elief valve
- 234 which allows the discharge pressure in discharge line 232 to
be controlled and varied. The pilot controlled relief valve 234

includes a relief valve which may be set at the desired operatipg

25 backpressure for the discharge line 232. The relief valve remains



gy transferred fromengine 24 to the coolant fluid in the systen1

-ond I nternal conbustion engine .24, so that an amount of heat 20, tY

Yustrated in FIG 4, and then fromthe coolant fluid to the Iiquid
nltrogen in the coolant fluid heat exchanger 44, increases as the |oad
exerted on second internal conbustion engine 24 is increased by raising the
backpressure control |l ed by pilot controlled 25 relief valve 234. 26-
A conduit 236 connects pilot contrglled relief valve 234 to a shell S|de\3

.inlet 233 of second hydraulic Cool 52. A conduit 240 connects a shel

5

'Anothshehyemaa|?36f|a?a apeu2A0| pketheorresata

10

15

20

25

side outlet 242 of sécond hydraulic cooler 252 with a shell side inlet 244

of f'&?&s&ddE?H|va899|Sﬁo?t Fer?@d of EEﬁE'a?td? 9HE|55524§vadEbL5t

hydraul 1 c coo 50 I'S connec conduit 248. Conduit 248 is connected

to t“@lﬁééﬁéh@'gﬁﬁ peuRRs, 2§§saadd2530whaoa Bé?uﬁOB@EEEQﬂn Oyhkfgt and
second filters 234 and 256 ‘The outlets of filters 254 and 256 are -

connethedpt@ssapduihsdidchargaS23angedtheshthé preseenwatuedatowhiehnmon
return conduit 262. Suction sides 264, 266 and 268 of punps 36, 38 and 40,
respethevaéy;eﬁreahVé.nmdesiqaddthotbpeneturhelreé;éﬁZvahveebpensnpletlng
the circuit for the hydraulic fluid through the shell side of hydraulic
cool et Shatnpoint and maintaingeaucanstapt2backpressuvet 8gadosg hydraul ic
oil reservoir 263 by a _conduit 265 and a back Qressure check val ve 267.
BY8taul i c notor (not shown)
|t 265 between

R JECTE L Bl A C TR SR M TR R e
”a'ntfinéfaffgﬂéiégg R2€¥ogen heating unit 10, there is located an o
~overriding relief valve which is xnte:connected_wzth pilot
controlled relicf valve 234 so that the setting of pilot con-
trolled relief valve 234 may be overriden and changed by operatzon
of the ral;ef valve located in the control console. | _
Heat is gene:ated and transferred to the hydraulic fluid
as it is pumped ch:ough the pumps 36, 38 and 40 and as -it drops
across tﬁe restriction in pilot controlled relief valve 234.
The pumps 36, 38 and 40 a;onc with pilot controlled relief
valve 234 provide a vagiahle load means, connected to seccond
internal,conbost;on opgine 24, for eierting a varying {oad on
second internal combustion engine 24, so that an amount of heat
energy transferred from enginé 24 to_the coolant fluid_in the
system illuatrated in FIG. 4, and then from the coolant fluid to
the liquid. nitrogen in the coolant fluid heat exchanger 44, anreases.
as the load exerted on second internal combustion engxne 24 is
increased by raising the backpressure controlled by pilot.controlled .'

relief valve 234.



constant pressure supply of hydraulic fluid to the- suction sides of punps
é%, 38 and 40 Referring nowto the middle portion of FIG S, the first 25
i nternal conbustion ehgine 22, the transmission 32 and transmi ssion:
retarder 33 are there schenatically illustrated. = - 27 - An outlet 270
fromtransm ssion 32 and transmi ssion retarder 33 is connected to a suction
side-of transmission fluid punp 272 by a conduit 274. The discharge from
punp>272 is connected to a shell -si @6 il et 276 of transm ssion cooler 54
by a conduit 278. 5 A shell side outlet 280 of transm ssion cooler 254

i's connected.to ondg#% 282 the ot ir end of ﬁfigh if,c?nneited to a

&thﬁr 284. &h%°BﬁP+Et ofiPRNEEES Ef ot ccoRRFRLLed D h: eY@t+¥®conduit 286
8 1 §Si 32

Fot ar def 35588 -?%tegﬁ?éﬁ fae"tRleforad] ok AAT R pYRREEL B 00 RE Lo f A"

I ncurreg ﬁ&uig % éﬂkéé gn 3$péﬂg %i&&sgﬁéﬁéﬁ %EftédeEcéﬁdaﬂg?LQ&g geat

S trans?erre cool an ul nmeans. o ransm.ssiron co ﬁ

Ref er ri agopgw fng& paeshapitsfaeoin%@ 284 HCrELEEUhgRLaA1 BISLEALLE"

| ubricating oil for t e nitrogen punp I S theres

lgibricagong Ai $haddi soad aﬁtzatdzasrthfﬁgstuﬁyaﬁahlﬂe @bblég hej¥arious
-noving parts of nitrogen punp 32 is represented schema- tically by nitrogen
punp | ubenndctédl €0280cofdaitup48cation oil is heated as it flows through
the manifold 290. The lubrication oil frommanifold 290 is carried by a
conduit 292 Condhitge4B £8 connectiedt tontwoxp8tadbhethconduptgvR50sand

described with relation to FIG 1. The gear reduction box 31 connects
‘transnm 282owhicht are connected to first and second filters 2354 and 256.

_pressureiof 22 psi (151. 6kPa) on conduits 265 and 269. This provides a ég})

The outlets of filters 254 and 256 are connected to qonduits

.10 258 and 260 which are connected to a common return conduit 262.

Suction sides 264, 266 and 26§ of pumps 36, 38 and 40,
respectzvely, are all connected to the return line 262 thereby
completing the circuit for the hydraulic £luid through the

shell side of hydraulic coolers 50.and 52.

15 Return line 262 is connected to a hydraulié 0il reservoir -
.263 by a gondﬁit 265 and a back présSure check valve 267. Another
hydraulic fluid return iine 269 from a hydraulic motor {(not shown)
which drives:éool§nt.pump 206, see FIG. 4, connects to conduit
265 between check vaive 267 and conduit 262.

20 Back pressure check wvalve 267 maintains a constant back
pressure of 22 psi(151.6kPa) on conduits 265 and 269. Tl;xis
provides a constant pressure supply of hy_draulic' fluid fo the

suction sides of pumps 36, 38 and 40. |

Referring now to the middle portion of FIG. 5, the first .

25 internal combustion engine 22, the transmission 32 and transmission

retarder 33 are there schematically illustrated.



nt ty ogen puhp 30. The lubrication oil is then carried‘ffon1gear reduction

31 by a conduit 294 to a lubricating oil reservoir 296. 25 - 28 - A

e oil punp 298 has a suction thereof connected to the |ube oil, reservoir
+ 296 by a conduit 300. A discharge side of punp 298 is connected to a shel
side inlet 302 of first nitrogen punp cooler 56 by a conduit 304. 5 °

A shall side outlet 306 of first nitrogen punp cooler 56 is connected to a
shell side inlet 308 of second nitrogen punp cooler 58 by a conduit 310. A

shel | side outlet 312 of second nitroge¥ purp cooler 58 is connected to aw’

conduit 314. Conduit 314 is connected to an inlet of filter 316. The 10 -
outlet of filter 316 is connected.to the inlet of nitrogen punp |ube -
. mani fol d 209 Ay cutdeti 2710 From tirandnission 612 mapd Hransnissicn iratdmder
for the lube oil. A safety relief valve 320 is connected to conduit 314 by
a conduid3 3 cannegked hq & Bickian Flde ok anseissinnduid pump 272
| ube oil reservojr, 296 by a_.conduit 324. The operatjon of the flaneless
ni t roger'l’yvép(ﬁq"iiqﬁ Fh4 1Fhe %QMQSI fron "P'ER/vsi.u:drs [RINRIASY tw
punpi ng rates ,of_.nj tr.0ge y.dhe first internal, co tion engjne '
heon ba 4, AneL pids, dHdk A8 %1 Kedndiilsdfer (oL T i 4 il Frs.
‘nigt r oge 1’ 3Q W G : i f S '
" 207R ML R FeaPdg 0 A SN Uodf A0 B Slncrea o
control leddnaid ey I detfeSRARA & UG & oditbdted o 14 HEIRSS £y,
gearing I n transm ssion 32. '
The outlet from filter 284 is connected to a return conduit 286
which is connected to an inlet 288 of transmission 32 and trans-
mission retarder 33. The transmission fluid is heated by the
10 ~ friction incurred in the transmission 32 and transmissioﬁ retarder
33 and that heat is transferred to the coolant fluid by means of -
transmission cooler 54.
Referring now to the upper partion of FIG. 5,'the circulation
system for lubricating oil for the nitrogen pump 30 is thereshown.
15 A lubricating oil manifold which distributes lubricating oil to
the variocus moving parts of nitrogen pump 32 is represented schema-
‘tically by nitrogen pump lube manifold 290. The lulrication oil
is heated as it flows through the manifold 290. The lubrication
oil from manifold 290 is carried by a conduit 292 to the gear
20 ' reduction box 31 which was previously described with relation to
FIG. 1. The gear reductien box 31 connects tranSmission 32 to
nitrdgen pump 30. The lubrication oil is then carried from
gear reduction box 31 by a conduit 294 to a lubricating oil

reservoir 296..

25



Si nul t aheousl y, exhaust' gases fromthe engine 22 flow through 25 t he (EQD
shell side of exhaust heat exchanger 42 and heat the liquid - 29 -
itragen. |f too nuch heat is being provided by the exhaust exchanger 42
it may be partially or entirely bypassed by nmeans of bypass conduit 74 and
control valve 76. The nitrogen then flows into coolant fluid heat exchanger
5 44 where it is further heated by heat transferred fromthe cool - ant
flui-d. Both the. exchanger 42 and the coolant fluid exchanger 44 nay be
bypassed by neans of second bypass condui bg78 and control valve 80. By

wat ching the tenperature indicated by a tenperature indicator (not shown)

di sposed in thernowel | 88, 10 an operator may utilize the valves 76
and 80, prinmaAai Lubeheitapump8098fhasfanguediont shereof tdwnéctedr€d utive Of
the nitrogen flowi ng out the outlet 90 of the discharge nmanifold 82. A

| ar ger blubkeoilatesenveindPfétbend coéndhitt 30Per ahudischarge sideogfn can
be made by varying the |oad on transm ssion 15 retarder 33 so as to
.vary thePHDRA288 dmgreannagtaddteoarshebhdsideyindety 302 ofafipshenitragen
thereby in the various heat exchange_systems. Sinultaneously with all of
this, of PEPRArSeOLlAE.P6iBYtRaRINGWEEI3PRom the tTansmi ssion 32 and

[5G by meant shab side; SubiRESIbE ot et rt calbiopet pitn SFoleE 78 ine
T o0 BBk 481k BNR RS i I BECheRERR AL EbShn Soldn irter
oS vl SR SORASDS, B80T sk SRRPLECTRCPTY Genfadld' lepbedte
t hen pump cooler 58 is connected to a conduit 314.
| Conduit 314 is connected to an inlet of filtef 316. The
10 ocutlet of filter 316 is connected to the inlet of nitrogen pump
lube manifold 209 by a conduit 318, thereby completing thé'circu-
lating loop for the lube oil. '
A safety relief valve 320 is cbnnected'to con&uit-314 by a
conduit 322 and the outlet of relief valve 320 is connected to
15 lube 0il reservoir 296 by a conduit 324.
The operatiaon of tha flameless nitFogen vaporizing unit 10
is generally as follows.
For relatively léw pumping rateé of nitrogen, only the first
internal combustion enginelzg need be'utilized. ‘The engihe'zz is
20 started and it drives the nitrogen pump.30 which pumps the nitrogen
through the élow system illustrated in FIG. 3. The flow rate of
nitrogen pumped by pump 30 is.céntrolled by contrdlling the'speed
of engine 22 and by the transmission gearing in transmission 32.

Simultaneously, exhaust gases from the engihe 22 flow through

25 the shell side of exhaust heat exchanger 42 and heat the liquid



the second internal combustion engine 24 is activated.” The second

rnal conbustion engine 24 is operable independently of first internal
ustion engine 22, so that the second internal conbustion engi:-ne 24 rmy

be 5 selectively used as an auxiliary heat source in addi'tion to first
I nternal conbustion engi ne 22 when the anobunt of heat energy transferred
fromthe first engine 22 to the coolant fluid is insufficient to provide

sufficient heat energy for heating the nitrogen to a desired tenperature%?}
in the cool ant heat exchanger nean2944= Once the second internal conbusti®n
engine 24 is activated,
adj ust ed

varying the back pressure on t 8 and 40 by neans

b i he 6,
of thé%ﬁFPéFﬂcon#EoFPedeshiEPaE5 9aP9én53H§°$ﬁgg§iﬁx FgﬁpSFQFHP& -

adj ust

Tha aBREPARERET 2,1t MAL PBURBF Ry t¥e St RRERESLVCPAPASRRAGBYoPEAPEM 15, 000
to 239fOQQp§g§”Q8£8uiEbbg'%gﬁ-ggﬁtQBEeri%Q 98 6440 standard MB per hour)
punp: 10,7000 ps |

at

rbadh et . - St 1€l . ! 226,
gzgoahHE23gﬁénﬁhﬁﬁagsﬁeEhﬁhn¥§3L§°Q“ES bbbiih?ﬁEQQid'BeWQ'QQchQﬁ?QE”pS

pressure o [ erT n Figure 10 an alternative

e attached system shown 1 n | ower portion o

sare_rcnlaaeéebitaisata&théekaeaéeaya?nasateexéﬁgf@bkea ETofl ithaNcBv1a

10

second punp 24. \Water brake dynanone

er 400 is an alternative neans for

exertang €lusdyi ngokhadhenexkebangez4430ahlathehecolantt fQuidedkchanger

15 .

20

25

44 may be bypassed by me;ns of second bypass conduit 73 and
canfrol valve 80. By watching the temperatu:e indicated by a |
temperaturé indicator (not shown) dispdsed ih thermowell'aé,
an operator may utiiize the valves 76 and 80; primarily the
valve 80, for fine adjustment of the temperature of the'nitrogen
flowing out the outlet 90 of the discharée.manifdld 82. s

A larger.but less accurate adjustment of the £emperature.of'
the nitrogen can be made by varying the load'oh transmission
retarder 33 so as to vary the load on engine 22.and correspondingly
varf the heat generaged thereby in the wvarious heat exchange
systems. Simultaneously with all of this, of course, heat is
transferred from the pransmission-32'and'tran3missién retarder 33
to tfansmission_fluid #nd then to the coolant fluid by means of
transmission cooler 54. Also, heat flows in the nitrogen pump
lube_oil system'shown in the upper part.of'FIG. 5 to the nitrogen
pump'coolers'56 and 58. _ . '

If all the systems connecte& to the first internal combustion
engine 22'are.not capéblé of'providing sufficient heat for the

vaporization of the desired flow-rates of liquid nitrogen, then

t he amount of heat provided thereby may be grossly

igure 5



transterred fron1en§ine 24 to the coolant fluid, and then fromthe cool ant (i}§
fguid to the liquid nitrogen in the 30 coolant fluid heat exchanger 44,

i ncreases as the load exerted on engine 24 is increased. |In the enbodi nent

of Figure.10, coolant fluid exiting the shell side of heat exchanger 44 is
carried by a conduit 402 to an inlet 404 of water brake dynanoneter 35

400. Water brake dynanoneter 400 actqy as an i nefficient - 31 -

centt%fugal punp to convert nechanical energy from engine 24 into heat

energy in the coolant fluid. The |oad exerted on engine 24 is varied by
varying thgnbagkcBh@SSnitraddi RYmbi¥GhriYet®s #Hadeivavpang. This is
done 5 by neans of hack pressure valve 406., Coolant fluid exiting back
pressure vat§eS868nfs1gtey S "6"6&%}(’?%@@5 AReTAPIE rjed by
conduit 40fn#epandefplylor FHe stodnitirrdllicbniudtien éngine 2, 446 by a 10
the. pr essuFBa5T SPRo SE88RIn A THeTR R s P AT S B SEES kpag) as i s
required fselpetperlypused e e wwxildmainderabisourceyin exddittomduit 416
oL % LTEOCPILRE! shlhiell UBnRINT Ml DS oD Sl 6F
similar tobeaht eppreygliransfepyesd fraghdin finsk enpsinsi22pb? i B8 on no.
8110003 (pehbianedraas:d0{a0ahAura Jiant dRs Yidiitiénéufficient heat
energy for heating the nitrogen to a desired temperature
10 in the coolant heat exchanger means 44.
o Once the second internal combustion engine 24 is
activated, the amount of heat provided thereby may be
grossly adjusted by wvarying the back pressure on the pumps
36, 28 and 40 by means of the pilot controlled relief
15 wvalve 234. The fine temperature adjustment is still pro-
vided by the bypass means 78 and control valve 80,
Tha apparatus 10 provides pumping rates in the
overall range of from 15,000 to 230,000 standard cubic fee
per hour (420 to 6440. standard M3 per hour) at a pump.
20 pressure of 10,000 psi(700 kgf/cmz).
In Figure 10 an alternative embodiment of the
present invention is illustrated, in which the pumps 226,
228 and 230 and the attached system shown in the lower
portion of Figure 5 afe replaced by a water brake
25 dynamometer 400 which is driven by a second pump 24. Water
brake dynamometer 400 is an alternative means for exerting
a varying load on engine 24 so that the amount of heat
transferred from engine 24 to fhe coolant fluid, and
then from the coolant fluid to the liquid nitrogen in the’
30 coolant fluid heat exchanger 44, increases as the load
exerted on engine 24 is increased. ' -
In the embodiment of Figure 10, coolant fluid
exiting fhe shell side of heat exchanger 44 is carried
by a conduit 402 to an inlet 404 of water brake dynamometer
_35 400. Water brake dynamometer 400 acts as an inefficient



\Clained: a) Apparatus for heating a first fluid, Eonprising: a first--
os\er source; a second power source; a cool ant system neans for

culating a coolant fluid and trans- ferring heat energy fromsaid fifst
and second power 25 sources to said .coolant fluid;, and a coolant fl.uid-to-
first fluid heat exchanger neans for transferring heat energy fromsaid.
coolant fluid to said first fluid.=bBlA-nethod of heating a first fluid,
sai d method conprising the steps of: punping said first fluid with a 30';}
. mai.n punp neans; driving said nmain pu means with a first internal

conbus G rEf gL RR%Raf?n§°%V§€EoH&gBﬁFéPm%,QﬂﬂﬁixnﬁﬁﬂPeﬂEﬁ*ﬁE

ci rcul gl Rt WU BNéndt gy dihheRE0B0d1009 FNid.St aRdERdld transferring
heat ener f{fwnsaid,firié %nd secogﬁ-internar coqu tign engines to said
cool~ant°x§ %99 EIR P Ei Y KBEESSBY Y YIRS H S RTEFINTCt o

-32- saighiigtstwiich ddymamometeantoDdl disd pumplfimgst fMhisl dwadowachanger; - and
exer tal a-varyvi | aad .0on Ld _second_in nal conbustion engi ne and

t her?by t rmaer’?st{glerorr?n%ogﬁcl?rr%?%gggﬁganﬁgﬁjte of '6h'eat energy from said second
internal 5 conbaoekantnflubdt exdiivge beicdnpridasurenrivent@i iiscabl ant
fluid | | 4 T Wi sabdh0aqd g4 ‘ | CRgl | r nal
conbus:a%g'r?%éﬁaééh%éilys ?%%%ggdﬁpggge?g#cégstﬁ%%% ééadrr’gd%&to ourgéégi d -
speci f it@atd MR 4375661A tor further details. - . -

The coolant fluid is taken from sump'410'by a

10 suction line 412 leading to a coolant fluid booster pump
414 which boosts the Pressure of the coolant fluid up to
approximately 8 psig(55 kPag)_as is required for proper
operation of the remainder of the system.

A conduit 416 carries the coolant fluid from

15 pump 414 to tube side inlet 118 of-transmissidn-cooler 54,
The remainder of_the'system shown in Figure 10 is similar
to that of Figure 4. |

- In our copending U.K. patent 5pplication _
no. 8110003 (published as 2075661A) we have described and

20 claimed: ) '

a) Aﬁparétus for heating a first fluid, comprising:
a first power source; a second power source; a coolant
system means for circulating a coolant fluid and trans-
ferring heat energy from said first and second power
25 sources to said coolant_flﬁid; and a_coolaﬁt fluid-to-
first fluid heat exchanger means for transferring heat
energy from said coolant fluid to.said'first fluid.
b) A method of heating a first fluid, said method
comprising the steps of: pumping said first fluid with a
30 main pump means; driving said main pump_means.with a first
internal combustion engine; operating a .second internal
combustion engine; circulating a coolant fluid through a
coolant system means; transferring heat energy from said
first and second internal combustion'engines-fo said coolant
35 fluid; transferring heat energy from said coolanf fluid to



-33 CLAI M 1. " Apparatus for heating a first fluid, conprising: a @
fgl rst internal conbustion engine;, a main punp for punping said first fluid,
t ransrii ssi on ‘means connecting said engine and said main punp so that said
mai N punp, is 5 driven by said first engine; a second internal conbustion
engi ne; a cool ant systemneans for circulating a coolant fluid and
transferring heat energy fromsaid internal conbustion engines to said
coolant fluid; a coolant fluid-to-fi¥ s3tz fTui d heat. exchanger neans for
trafsferring 10 heat energy from-said coolant fluid to said first fluid;
and a transm_ssion . retarder, neans, .connegt to said Ir [V, SR nmeans,
for exertPRgdatdBsFi Ifféul d%? £89dat g"’%ﬂ%’lﬁ%’ ]or?%afﬂg]ndarﬁrggﬁt of heat
ener gy tr agehanges ;f r amds @xkritring ralvagningtleoxd eoyi sieidoseapydcool ant
fluid, 15.and frgmsaid caqolant f. uid | Lr Ld.:1S Lpcreased as
sai d | oad BYEFFE 83""5},’ = &g e by asf}al dﬁf%%}é}méé?%%ﬁég{é% e%'ﬂrreans is
i ncr easedinamreasiedr emowsdti ®fs domtd enarsnArawnpaid | secendi iBtpxngler abl e
| ndepeg- denblas 196 Untkibld Yo |4UI WU LAD LD 2881 DonsBatlal 20 sai d
second’i nF&rnar conbusty on engi ne may be sel ectively usgd as an auxiliary
n

heat. sour ceolaniddilpish tioo sadid) finsg £Inid B 23hPLPRrAN°ERGERE RRen the

amount of gheal SRRENIA iltRISAl It Ml iRl éhéinétisninenahsedubustion

i t d lant fluidis j fficient ' 5 sufficient heat
cnor gy | oRoRERERRS ERoIA 18 mad 9 P RIS B PEREEFAEEPE PR i 0
2

cool ant f boi7g66aAf ificxt flurtitkrhebdtadddanger means. ~ Appar at us
according to claiml1, wherein: said o



>

30 transm ssion retarder nmeans is arranged to have a trans- mission fluie
c'qp | ating therethrough; and said apparatus further conprises a T @

fansm ssion fluid-to-coolant fluid heat exTﬂ“ﬂﬂ“ﬂ)m& u transferring
heat energy fromsaid transmssion fluid to H'II le d. -34- 3.
‘Appar atus according to claim2, wherein: sai'd frahsmssiont .
fluid-to-coolant fluid heat exchahé%%'hnans is located, relative to a

™~

direction of flow of said coolant fluid in said cool ant” system neans, ‘,
downst @ L. o.fromsaid coolant fluid-to-first fluid heat exchanger neans
and up e f said first internal conbustion engine. 4. Appar at us

according to claim1,2 or 3, further conprising: a main punp'lubricating
fluid cjrcul ation ' emf or . pr %:Qi ubri lng fluid to.said nmain
punp; aiﬁ’d | ubi cat‘f‘%ga?ﬁlhgﬁg?'cg%a}n %ié&%ﬁgeéafﬁe% hn%%'?prr'r%ﬁﬁ%;s' connect ed
bet weena sEixvstaintpunpl| gombusttion fengithes r ;ulmaimpwystforand sai d

-cool ant ARS £ aagf.er L r om .S.ai ricating
o d (o etel; JRELCrirgt, ARIaE! ordh el alanld MR Sl le o 1 4
wher ei nsaid sengingr andt paddr maia pawo A fhat (saidaeain ewapgds neans is

| ocatpdir{#LAt b¥eshdardkeClon@ine; fl0Wdorti th€QU AN callohbtini N said
cool ant system neans, _downstream from said cool ant-to-first fluid heat

“exchang®éiRehs anfoaperte %S meang Lar RS HAtIRG IR sEPRR2REAGI ne. 6.
Appar atfifufd Cahdi 8gahfepyitly Bledit erlerigy Erob sdid BitePARLi sing: a

variabl e | oad, mEans, ¢7308°¢5°4.4% 2 dant £luid; a coolant
fluid-to-first fluid heat exchanger means for transferring

10 heat enérgy from said coolant fluid to said first fluid;
and a transmission retarder means, connected to said
transmission means, for exerting a varying load on said first
engine so that_an amount of heat energy transferred from
said internal combustion engine to said coolant fluid,

15 ahd from said coolant fluid to said first fluid, is
increased as said load‘éxerted on said engine by said
transmission retarder means is incfeased; and wherein

| said second intermal combustion engine is operable indepen-
dently of said first internal combustion engine, so that

20 said second intermal combustion engine may be selectively
used as an auxiliary heat source in addition to said
first internal combustion engine when the amount of heat
energy transferred from said first internal combustion
éngine to said coolant fluid is insufficient to provide

25 sufficient heat energy for heating said first fluid to a
desired temperature in said coolant fluid-to-first fluid
heat exchanger means. |

2. Apparatus according to claim 1, wherein: said
30 transmission retarder means is arranged to héve.a trans-

mission fluid circulating therethrough: and said

apparatus further comprises a tranSmissibn fluid-to-coolant

fluid heat exchanger means for transferring heat energy

from said.transmission fluid to said coolant fluid.



~ second internal conbustion engi ne, for exerting a varying |load on said
gecond int.ernal conbustion engine,; so that ergy

transfierred f.rom said second internal conbustl j d cool ant
fluid and, from 30 said coolant fluid to said 'jﬂy Bﬁlm .J EiEases as said

| oad exerted on said second internal. conbustl vari abl e
| oad neans increases. 7. Apparat 84 according to claim6, wherein:. said
35 variabl e | oad neans includes a hydraulic. punp neans, driven by said

secorfd i nter nal conbusti on engine, for punping a hydrautic fluid against a
control I &d vari abl Appacdtmgeapeesding, tooclaim Rhewhereion samaddsecond

- Internal t%%@é&?ééé’ﬂ) ”ﬂi&@d'éo'@&&f%ﬁ%df?hhnﬁé Sb&g ﬂh@rd}n‘%ﬁgﬁr ge 5
pressure : aratus accor urt conpri si ng:
.hydrauh(}#Ilﬂqﬁtﬁﬂ(xx#¥ﬁ¢17¢utd heéirexéﬁanget ﬁéansofoﬁaﬂﬂansferrlng heat

ener gy frygisald %{wdiﬁuéﬁdfwbﬁaﬁe 595%503&3&15 fhuhﬂst%eam

Apparat us according to claim38 rein:” said ¥ raulic. fl uid-to-cool ant
fluid hedrestafherotamt, f%‘&%ﬂ Fanﬁsaﬁ giuidyhgato sxshpRgerT MFARsheat

exchangeranb WfstiSeantoif Seafldt £ 8rs8i sAtepnhlucembastaohaeshgine.d heat

exchanger nmeans are all located, relative to a direction of flow of said
coolant fluid in said cool ant system neans, downstream from sai d cool ant
fluid-todiJrst fluikpperdtexcaccgedingate ehdimpdt,Ream Gf, fardhierr st and

second 2Q, 'Agg&%igw@%éw%&ﬂg PeBridlting £1u88PRLALYIAAGEY ding O

claim?9,
10 system for providing lubricating fluid to said main pump;

and lubicating fluid-to-coolant fluid heat exchanger
means, connected between said main pump lubricating fluid
circulation system and said coolant system means, for
transferring heat energy from said lubricating fluid to

15 said coolant fluid.

Se Apparatus according to claim &, whefein: said
lubricating fluid-to-coplanf fluid heat exchanger means
is located, relative to a direction of flow of said cooiant
20 fluid in said coolant system means, downstream from said
- coolant-to-first fluid heat exchanger means and upstream

of said first internal cdmbustion engine,

6. ApparatJ: accofding to any of cléims.i to 5,

.25 further compriéing:- a variable load means, connected to said
second internal combustion engine, for exerting a varying
load on said second internal combustion engine, so that
an amount of heat energy transferred from said second
internal combustion enginé to said coolant fluid and from

30 said coolant fluid to said first fluid increases as said
load exerted on said second internal combustion engine by

said variable load means increases.

T Apparatus according tq'claim 6, wherein: ~said
35 variable load means includes a hydraulic pump means, driven



m nmeans, said transm ssion fluid-to- 25 cool ant f|UId heat exchanger .
% is |ocated downstream of said hydraul ”,mmimrmﬂ 'mmmm fl.ui d heat _

Rxchanger neans, and said lubricating fluid heat exchanger

means is | ocated downstream of said §sansm ssion fui'-t%o-&aol ant fl uid

heat exehanger neans. 30 11. Appar atus according to claim9, wherein:
sai d cool ant system neans includes a first coolant fluid conducting means_;
for condycisaig saicbmbdlrmidridli combastsendehiglisle ,addrs nigt£r nal :

mbust t d 35 I fluid-to-figst flui-d heat han
moans ahdCEoRRddn g Lhe Aa e o comutert hgdiansabhe ddpsterery said
cool ant prblslsurfehomcsaihatmhearﬁoéd uonl- s@idi eebohlduh.chtbeﬁaleXchanger means
0 Sai debinkSla+dddh S6A0b 14U YollakoL0UE By LhOHeRRIL o Baiiidl U TR

fluid-to- co ant fluid changer neans, sal

flui @ tpressumet fluid 5 heat exchanger neans, and said transm ssion
fluid-to- coolant fluid heat exchanger neans al | bei ng disposed in said
second ¢ool ant fluid conducting neans Appar at us according to any.
of claifte 6 to 11; P?@’\ﬂr*é*%l%°%’%ﬁ¥f‘$a??aﬁlei!°03d ﬁ’Bﬁ‘ﬂ%‘erncl udes a water

br ake dyamlmt:.ﬁ@ ﬁemrdiﬂliteffm:.éatd-eeénﬂﬂtl fiardaheadnbusti on engine,

for conver% nechanlc &ﬁ¥:$f sgh nd i nternal conbustion engine
into he§t° °5'oo I 8" ear d*B8E 8N rPF'uF&:Hds nmoved 15
t hr 3Qg hhydrdu\l/at:eflmakd:odwaeird)maant flu:.d.

9. Apparatus according to claim 8§, wherein: said
hydréuiic fluid-to-coolant fluid heat exchanger meahs;

_ said lubriéating fluid-to-coolant fluid heat exchanger

15 means, and said transmission fluid-to-coolant fluid heat
exchanger means are all located, relative to a direction
of flow of said coolant f;uid in said coolant system means,
downstream from said coolant fluid-to-first fluid heat
exchanger means and upstream of Said first and second

20 jinternal combustion engines.

10. Apparatﬁs aécording to claim 9, wherein:
relative to said direction of flow of said coolant fluid
in said eoolant system means, said transmission fluid-to-
25 coolant fluid heat exchanger means is located downstream
of said hydraulic fluid-to-coolant fluid heat exchang'er"
means, and said lubrlcatlng fluld-to-coolant fluld heat
exchanger means is located downstream of said transmission
_ fluid-to-coolant fluid heat exchanger means.
30 | _ _
11, Apparatus according to claim 9, wherein: said
coolant systemlmeane includes a firSt'coolaht fluid
conducting méans for conducting said coolant'fluid from
said first and second internal, combust1on engznes to said
35 coolant fluid-to-f1rst fluid heat exchanger means and a
second coolant fluid conductlng means for conductlng sa1d



13. ~ Appar at us accor di ng to claim 12, wher ei n: —sai-d—wat-er—br ake

dgnanonet err means includes a variabl e back pres for varying
a back pressure against: 20 which sai d water braﬂﬁlﬂﬂ ﬁﬁ ql] nps said
coolant fluid so that a | oad exerted on said se Tt ey ustion

engine is varied as said back pressurg is varied. 2514, ~ Appar at us
according to claim 13, further conprid®i my: sunp means for receiving cool ant
fluid fromsaid back pressure valve means; and booster punp neans for

8 ot bl e S Ml A

further coepchahggr meansi topsand fFhtistatand] sfdcdnd dinmteirmal tdambwyst em f or

providing Jubricating fluid.to said,nai unp;,  lubricating . _
P01 6ct oo kPR Fab g ndar e BrAafad® 2 R vttt A hsetai o rai n
punp | ubriesthaggérundans,csaddl dubydcatdngmfdmd ddickcomdlaait Slastdm neans,

ror U1 anshestl o bighy 8k EKnk! 0GR sl ol Rl yih fddic S 0 cool ant
fluid;, and a transnlsglon Ut d- £ 0- cool ant ul eat . exchanger means for
transferriegehent Ehuidyhsat, g¥changensmesmisorll Heingidesnenshgin hr ough
said transga{iSsb@onactabight"e2Rid cOnAdRctinWhiliind. Ui d. 16.

Apparatus according to claim 15, wherein: said water brake dynanoneter
said lubricating fluid-to-coolant 10 fluid heat exchanger neans, said

transm ssiga, fl ui d-t Appapaktast atkoirdiheatt ocueiyavgec IEans Greo ali, | ocat ed,
re+atIVfb wherein: said variable load means includes a water brake

dynamometer means, driven by said second internal
combustion engine, for converting mechanical energy of
said second internal combustion engine into heat energy
in said coolant fluid as said coolant fluid is moved

15 through said water brake dynamometer.

13. Apparatus according to claim 12, whereiné. said
water brake dynamometer means includes a variable back
pressure valve means for varying a back pressure against
20 which said water brake dynamometer pumps said coolant
fluid so that a load exerted on said second internal
combustion engine is varied as said. back pressure is

varied.

25 14, Apparatus according to claim 13, further
comprising: sﬁmp'means for receifing coolant fluid from
said back pressure valve means; and booster pump means
for taking said coolant fluid from said sump means and
pressurizing said coolant fluid. '

- 15, Apparatus according to claim 12,13 or 1k,

further comprising: a main pump lubricating fluid circula-

tion system for providing ;ubricating fluid to said main

pump;” lubricating fluid-to-coolant fluid heat exchanger

35 means, connected between said main pump lubricating fluid



a direction of flow of said cool ant fl u_g__l_n,.sa.l_d—_@eeJr—&ﬁt——system rreans
Qﬂg streamfromsaid coolant fluid-to-first fluid heat ﬁi&ﬂgnger neans ?nd ‘B

st ream of said first and 15 second mternil“mwu“l““ i nes:

paratus according to claim16, wherein i recti on of
flow of said coolant fluid in said,gool ant sy'st ém rreans said transm ssion
fluid-to- 20 coolant fluid heat ex%ﬁanger neans i s Iocated domnstrean1of

sai-d wat er brake dynanoneter, and said lubricating fluid-to-cool ant f|UIQJ

heat exgggggﬁa tr{%#ssyﬁénpcai&d#f&ﬂé%fm%g@%g lhbgasm gga»on

fluid-t eat exchanger arat us
accor di fyansferying hent enengerfreom said tubrinatingt §dudidanto i ncl udes a

first coghantodivnt GARMUS! | NehdBRNEr4RsmELBEYA! F1M1 a0kH co@haRt fluid from
said first and second_i nternal conbustion engines to said 30 cool ant

f1 ui d- t §3Pids heptexahansea @eane L ok afcansfiesringoheatosremeyt | uid

CondUStEﬁﬁmﬂaa%&dﬂﬁhﬂsﬁﬂhﬂﬂfIﬁiéﬁl&iﬁ@@iﬂﬁin&'Hhﬂoﬁ@ﬁ”b&ibﬁﬁ?&ﬂéﬂ“
fluid-to-first fl%* eat exchange ns t i.rrst and second i nternal

conbus - REREH 0% iSHAT, ?al"be%mg‘br% d9R% tg}“"gal d lubricating 35

fluid-to-cool ant fl UI d heat exchanger neans, and sal d - 38 -

LTI A U SRS I GERL R bk B0 lgponed I
heat i ngwaterr drajideyidynamome teat hoskeid lubricating f1u1d to-coolant
10 fluid heat exchanger means, said transmission fluid-to-~
coolant fluid heat exchanger means are all located; relative
to a direction of flow of said coolant fluid in said coolant
gystem means, downstream from said coolant fluid-to-first
fluid heat exchanger means and upstream of said first and

15 second internal combustion engines.

17. Apparatus according to-claim-16; wherein:
" relative to said direction of flow of said coolant fluid
in said coolant system means, said transmission fluid-to-
20 coolant fluid heat exchanger means is Iocated downstream
of said water brake dynamometer, and said lubricating
fluid-to-coolant fluid heat exchanger means is 16c$ted_
downstream of said transmission fluid-to-coolant fluid
heat exchanger means. |
25 | | | | |
18. Apparatus according to claim 16 or 17, wherein:
said coolant system means includes a first coolant fluid
conducting means for conducting said coolant fluid from
said first and second internal combustion engines'té said
30 coolant fluid-to-first fluid heat exchanger means and a
second coolant fluid conducting means for conducting said
coolant fluid from said coolant fluid-to-first fluid heat
exchanger means to said first and second internal combus-
tion engines, said water brake dynamometer, said 1ubr1cat1ng
35 fluid-to-coolant fluid heat exchangef héans, and said



conprisinhg the steps of © punping said first fluid with a punp; driving s
?‘urrp'vm'thafirst I nternal conbustion engi Id punp by a
ransm ssi on .having a transmn ssion ret arder cond i nternal
combustion engine; circulating a cool ant ‘m ﬂﬁm EMOOI ant system

means; transferring heat energy from said I nt er nal
Conbustlon engi nes to sai d cool ant BBui-d; transferring heat energy from
sai d~cool ant fluid to said first fluid; and retarding said transm ssion 15
Wit R—said transm ssion retarder and thereby var g a |l oad exerted on sal d
first interaasmissbont fdnidngpneosdanitahenrte eaa%\s-msem means < redrlgy -
transfer rggy dgoalg%geaniﬁr B3k aceBhYAl BoARANE i Tnidlmnt Tl uid,
and fromsaid coolant fluid to said first fluid, is increased as said 20

| oad exer®®®¥®n said first engine by said transm-ssion retarder nmeans. is

I ncreased. 20. A nmethod according to claim19, wherein: said step of

{randh cok8n 11 ui d BrBSEPY RECRPACiPanentas s e o pettiod © 5 O

net hod aceamphi-dgihg thei stéPsonf20, puhephagn sadidd ﬁ&mmd‘lmlgi rvel ils subj ect ed

to a vari abI pad t n hRa t ﬁﬁﬁi from
t he secorfd BN g\L ?%%’%ggcgg an%Ui@?&lﬂstal %ireasté" e loa cf‘ge
second er@smescomeeasddtozsald pumpyp b &t GgammﬂWng\aarm&lau

substant| gl dyeitPssidh PEEGHAHTSCopRed il o el Ardterdires 1 Lo 9,
10 combustion engine; circulating a coolant fluid through '

a coolant system means; transferring heat energy from said
first and second internal combustion engines to said
coolant fluid; transferring heat energy from said coolant
fluid to said first fluid; and retarding said transmission

15 with said transmission retarder and thereby varying'a load
exerted on said first internal combustion engine so that
the amount of heat energy transferred from said internal
combustion engines to said coolant fluid, and from said
coolant fluid to said first fluid, is increased as said

20 load exerted on said first engine by said transmission

retarder means is increased.

20. A method according to claim 19, wherein: sald
step of retarding said transmission includes a step of
25 increasing a level of transm;ssion fluid present in said

transmission retarder.

21. A method according to claim 19 or 20, wherein .
sald second engine is subjected to a variable load so.that
30 the amount of heat energy transferred from the second
engine to the coolant fluid is increased as the load on

the second engine is increased.

a2, Apparatus for heating a fluid substantially
35 as'hqrein described With reference to Figures 1 to 9,



or Figures 1 to 9 as nodified by Figure 10, of the acc’t)rmar’fyi ng drawi ngs. ..
A nethod of heating a fluidSobstanmtiattyas 5 herein . -y
d ribed with reference to Figures 1 to 9 9 as nDdlfled
b i gure 10, of the acconpanyi ng draw ngs lﬁ"ﬁ!"ﬂj‘mnml speci fi | cat i on
been reproduced by phot ocopyi n% t he appl cants owi gal € ypescri It
may contain a few amendnents whi Ch & difficult to read. The orlginal
typescri pt containing thenme amendnents nmay be inspected on the prem ses QE;

the Pat%m;ﬂléﬁﬁgs 1 to 9 as modified by Figure 10, of the
accompanying drawlngs.

23. A method of heating a fluid substantially as

5 herein described with reference to Figures 1 toj9, or
Figures 1 to 9 as'modified by Figure 10, of the
accompanyiﬁg drawings.

-~

" The text of the spocifica.tion has been reproduced bdy pho'tooopuing' th applicants original
typescript, It gay contain a few amendments which are difficult to read. The original
tmacrj.pt containing thone anendnents may be inspected on the premises of the Patent Office



