of f shore oi

gas wells which require large volunmes of nitrogen gas.

061 "METHOD AND APPARATUS FOR HEATI NG A FLUI D' The present inventione
- generally to a nethod and apparatus for heating fluids. In one

gul ar aspect, the invention provides a flanmel ess heater adapted for
heating liquid nitrogen for use in gel fracturing opera- 5 tions on

and gas wells. Nunerous operations are perforned on oil and

the

be perforned on both onshore:.and of fshore wells. .Such opza?oml ncl ude

foam fracturing operations, 10 acidizing services, jet

These operations na

€

tubing or down the tubing-casing annulus, nitrogen cushions for drill stem
testing, pressure testing, insulation of the tubing-casing annulus to

prevent such problenms as paraffin precipitation,

perforating

and cutting operations, 15 reduction of density of well

wor kover fluids, displacenent of well fluid fromtubing during gun

perforation

operations to prevent excess hydrostatic pressure in the hole

from pushing perforation debris into the formation, placing corrosion
inhibitors by msting the inhibitorﬂM%trrnfrogen, 20 ext i ngui shing well
fires, and other operations. The present invention may be utilized with

any of these operations.

a subsurface fornatlon of the mell by punplng a f|UId under very high

préssure into

the well often conprises a foaned - 2- gel mhlch I's produced by the use

of hitrogen

10

20

gas. The present invention relates generally to a method

and apparatus for heating fluids. In one particular aspect,
the invention provides a flameless heater adapted for
superheating liquid nitrogen for use in gel fracturing opera-
tions on offshore o0il and gas wells.

Numerous opefations are perfbrmed on 0il 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,
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 prevent sﬁch problems as paraffin precipitation,
Jetting with proppant for perforating and cutting operatioms,
reduction of density of well workover fluids, displacement
of well fluid from tubing during gun perforation operations
to prevent excess hydrostatic pressure in the hole from
pushing perforation debris into the formation, placing
corrosion inhibitors by misting the inhibitor with nitrogen,
extinguishing well fires, and other operations. The present
invention may be utilized with any of these operations.

Cne particular such operationis the fracturing

- of a subsurface formation of the well by pumping a fluid

25

under very high pressure into the formation. The fracturing
fluid which is pumped into the well ofteén comprises a foamed

jetting with proppant for

One particular such operation is the fracturing of

ANG Af FEUEDhi ch is punped into



The niktrogen for the foamfracturing operation is generally stored in
~liquid. format tenperatures of approxinmately - [err] 5 For
pressures encountered in these foam fracturing operations, the nitrogen
changes state froma liquid to'a gas at approximately -200 F (-129 [err]C).
It i.s, therefore, desirable to heat up the nitrogen gas to a superheated
state so that the foamfracturing fluid Qelng punped down 10 the well will
be™dt an essentially anbient tenperature? “This is because of the numerous
adverse effects upon nechanical equi pnrent of very |ow tenperature which

mould_otherw%%éagﬁlgheggnkgggggehhgyntﬂgog?Py ﬁﬂ}ﬁggéeﬁagg based wel s,

the nitrogen t1ng equip- nment ~ gener a open flame heaters.
However, on of fshore PPsniFEPSSEfE?? the €ﬂ9?rﬁﬁﬁeﬁﬁﬁ}n$easﬁh%t1®$en

‘flanmes are nqls ge&e&alllm QEBQ\éﬂdlnTMEﬁﬁiarﬂorht atStBREeBaBaYes OoPr ovi de a

heater for the nltro ﬁg e?_ngéogﬁve an open flame. 20

FI amel ess nlffgﬁgﬁi e&?é QeFplad?Bu&ly been provided by utilizing the

heat geneSated by an i fber prlessorbasencnushgrad indthesaafioanl frxacpariong s

driven there t oqls u h ransferred
tt%yerta(%l%?@ ne g}%%an bﬂaﬁggg‘ wiheh i‘ﬁ&m §2j5 }éxc‘% 204

to the nitrogen through a co brogen_heat anger. One
such prior a@2sdéfi eRPreximAtera¥t nfel By The9Z6) ek Eheigy thevefene.
Organi zat i ondesigabafe SanhaaAnap eaki ﬁﬂwbgenTQasZ%CK aaﬁafawﬁea ncl udes a

30 hydr aul | ¢ SR " 0 ip EBES GO BRAAF BRERFATE, RLBF Fy EELAS UPRER Safry
power ed - riot r ddpeen wmlﬁqaw:.mebE\Ma@_kaappasanusabénsaubseng| tempetature o- Thls
nitrogen heal; £%ERANIR oFENE hihe¥8U8" hat-BPskNErFbOYsdupon mechanical
equipment of very low temperature which would otherwise be
presented by the nitrogen foam. '
For 1and based wells, the nitrogen heating equip-
15 ment generally 1nc1udes open flame heaters. However, on
offshore wells, for safety and environmental reasons, open
flames are not generally allowed. Therefore, it is necessary
to provide a heater for the nitrogen which does not have
an open flame. |
20 : Flameless nltrogen heaters have previously been
provided by utilizing the heat generated by an internal
combustion engine and mechanical components driven thereby,
to heat a coolant fluid from which the heat is transferred
to the nitrogen through . a coolant fluid-to-nitrogen heat
25 exchanger.
' One such prior art device is manufactured by the
Zwick Energy Research Organization, Inc. of Santa Ana,
California. The Zwick apparatus includes a single intermnal
combustion engine which drives a hydraulic pump to produce
30 hydraulic fluid under pressure which in turn drives a
hydraulically powered nitrogen pump.
o The Zwick apparatus uses a single coolant-to-
nitrogen heat exchanger means for vaporizing the liquid
nitrogen. Zwick does noi'inelude a second heat exchanger

35 for transferring heat directly from engine exhaust gases



ni t rogen. Zwi ck does not include a second. heat exchanger 35 for "
transferring heat directly from engine exhaust gases -3 - to the .

ni trogen. The cool ant system of the Zwi ¢k device circulates the ceol ant

njd first through a hydraulic oil-to-cool ant heat exchanger where heat.
the hydraulic systemof the 5 egglne and the conponents driven

eby are transferred to the coolant”™ Then, the coolant fluid stream .
splits into two parallel portions, one of whi ch fl ows through the engine
bl ock to absorb heat fron1the engi ne and the other of which flows through a
mani f ol d surrq:unollzt ine 10 - exhaust for absorbing heat fromthe
engi ne exhaust 1 n nﬁ‘e c dnt fluid. After the two streans pass through
the engine block and t h&hexiemedantosyistemmafi thedZwitkegevnce a:g_ﬁttmmge
into a single g %%@l‘ﬂ@ﬂtcri‘lhiddh‘i?gteq}:?ﬁu#ge acfl 11?9&1{.& “Jfﬂitﬁ' n
vapori zer. Fromthe vaporizer t ret rns 0| I
cool er therebQ‘?&rrﬁP‘éﬂ‘ﬁ‘Pg%é' es@phentt fremgthe hﬁdrﬁ%lhﬂﬂigbmwﬁvxﬂsqstem
of Zwi ck, 5theemghhﬂgahdfhﬁwscBh@Bhthgn?EiOGﬁntﬁ&F@b}h&PﬁQ@%ﬁﬁ%ﬁfrredbv%ass
cool ant-to-ni t,rogen heat ex nger...an ea

i's provided aroun3 tﬁg cdol Ef tHFtFBQE ﬁeg}“égcﬁ g sRlibsintf which
| i qui d nitrogdwoc gariedliefppossionsoundet b 'cbbéhnflb\os Nthf OGEm heat o
exchanger to Oly |1 e r [ ei

X Changer 1o, Uikind 6IQLLOLb ABsbPE hEHRCEALA Engf xggfnxs'linﬁ § %ie Xeh i g1
conbust i on enypﬁéh0¢12WFcﬁhﬁﬂysbeavﬂfﬂé§°b§ vex9¢v@ﬂ%me h@@kﬁwsxmsure on

t he 10 exhaust for absorbing heat from the engine exhaust into the
coolant fluid. After the two streams pass through the

engine block and the exhaust cooling manifolds, they once
again merge into a single stream which is directed to the
coolant fluid-to-nitrogen vaporizer. From the vaporizer the

15 fluid returns +to the hydraulic 0il cooler thereby completing
the loop. ' ' |

With regard to the nitrogen flow system of Zwick,
the nitrogen flows from the nitrogen pump through the
coolant-to-nitrogen heat exchanger and then to the well head.

- 20 A bypass is provided around the coolant-to-nitrogen heat
| exchanger by means of which liquid 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. '

25 - " The 'load on the single internal combustion engine
of Zwick may be varied by varying the back pressure on the
hydraullc pump driven by the engine.

Another prior art flameless nitrogen heating unit
is manufactured by Airco Cryogenics, a division of Airco,

30 Inc. ef Irvine, Califorhia. The Airco deﬁice also uses a
single internal combustion engine driving a hydraullc pump
which produces hydraulic fluld under pressure for driving a
liquid nitrogen pump.

The Airco device utilizes air as the heat exchange

35 medium for transferring heat to the liquid nitrogen to



heating unit is panufactured by Airco Cryogenics, a division of Airco,

inc. of Irvine, California. - The Airco device also uses a single i nter
combustion engine driving a hydraulic punp which produces hydraulic fluid-
under pressure for driving a liquid nitrogen punp. The Airco device
uti-lizes air as the heat exchange 35 4&mediumfor transferring heat to the.

| ipt1i d nitrogen to -4- vaporize the same. This is acconplished in the

" following manner. A.large plenum chanber is provided i nto which anbi ent air
is drawn. Disposed in the plenum chanmber in heat exchange contact with the
air flow ng t9aperdseUghei Same. aTRWsredlldde digrildtied i tie %‘i‘.‘iﬂ%ﬁ%
wherein hydraulic fl ui eat ed f.%“t he engi ne and its various ogeratl g com
ponents is ci PREP&Y2d $htRTER PHEMR & dit Rrevdidedhdatoeythshger to

heat the air.amhiengi atrcbsldrdwi! uiDidposdd ﬂreaﬁheemh&mgercha%erf ine. the
engi ne radi at i ' i i N r tor ansferring
hegt ener gy fgg%ttﬁéé%ﬁgf%eé%%f%ntﬁéﬂ;& el'% ?&H{nhf?&g{f% Itov?nrr?gi"fﬁrﬁﬁgﬁst he

pl enum chénbe? . PYEEPE BRati s tethin hratk iexshangesr oderednhpydireulicer nal
conbusti on engivid AeatedPey the cériginé Nind tifts MarioRlsCOperatafReEohl N X

wth the air ] heret hrough, . The air f|ow t hrough_t he pl enum
chanber, afteﬂ’ﬂg&ﬁgs{ een '%]g?tgeod b“}'ﬁﬂ%‘é%ﬁ&ﬁea%ﬁ%%‘b‘aﬁst i3-torddFer and
the engine raléat cexcimangéx cko ihedtasths addr.wi t h engi ne exhaust gases, then
passes over an air-to-"id I GgeIhd&%%Folant fluid-to-air heat exchanger,

10 i.e. the engine radiator, is also disposed in the plenum

ﬁydra-ul I c punp-driven by the engine. Andt her pfi or art flaneless nit roi;@
0

chamber for transferring 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
15 plenum chamber to mix with the air flowing therethrough.
The air flowing through fhe plenum .chamber, after
it has been heated by the hydraulic oil-to-air cooler and
the engine radiator and after it has mixed with engine
exhausf gases, then passes over an air-to-nitrogen heat
20 exchanger wherein heat energy is transferred from the hot
gases to the liquid nitrogen to vaporize the same. |
‘The load imposed upon the internal combustion
engine of the Airco device may be varied by varying the
) pressure in the vaporized nitrogen discharge line to raise
25 the presdure_dgainst which-the'nitro;en pump is working and
 in turn raise the load on the hydraulic pump driven by the
internal combustion engine which in turn increases the load
on the internal combustion engine.
. Numerous problems afe encountered with the Airco
30 type devicg mainly because of the use of air as a heat
transfer medium. Air is a_notbriously poor heat transfer
medium as compared to a liquid and the use of ambient air
causes the system:to be very much depenent upon ambient air
conditions for prdﬁer operation., Additionally, due to the
35 | large bulky nature of the pienﬁm chamber required for the use



20 exchanger wherein heat energy is*transferred fromthe hot gases to the
liquid nitrogen to vaporize the same. The |oad inposed upon the internal
anbusti on engine of the Airco device may be varied by .varying the pressure
e vaporized nitrogen discharge line to raise 25 t he pressure agai nst
the nitrogen punp is working and in turn raise the |load on the

aul i ¢ punp driven by the internal conbustion engine which in turn ~
i ncreases the load on the . internal conbustion engine. Nunerous problens are
encountered with the Airco 30 type devixe mainly because of the use of '
al(r:I as a heat transfer rredl um Ar is a notoriously poor heat transfer

medi um as co ared to id t he use of ,ampi.ent air causes the system
to be very L*rf%ﬁﬁ%deé'ntme T, o K 8° n?‘&ﬁ's?of §VSEPBo&F operat?/on
Addi ti onal Iyery,lumd:m lahgéis thdraragyesymticdny Likieutdasf ofhéhel enemeoharrber
required fo at transfer nmedium the Airco system
s very rruc% #arger t%a&g\ syst%’%ﬁq% that of the present invention gf

equal capacity. Thus,Thus; sitscigh sepn thad Fheoprier REd F‘ééotjecBgnl zed the
need for sa ﬁii’é@'ﬁ&é fédd oM & AMMUNAYss Hik rd@enCeapoiritzirs tywae i ncl uded

n the t h hqr t t | ar | h
regard FL' CReTicta b TS ST AR Sot A BE RodP eroP SVE38Y- 2 ng
| ar ge vol unhsve)fnmermgsrsbmjbwuingsagam::tqmltal@yr wi®hc areglairidi tty’ of
accurately ais SbLbdos1liey AP Yo adifRlsdeanalrd flalko selbbrggen and

.its correspondin ture as It enters the we have now
devi sed an ¥Hp€ @ﬂg9|gﬁ%ng§ deaigrogen and with regard to thelr

10 capability of accurately controlling the amount of heat

transferred to the nitrogen and 1ts corresponding tempera-
_ture as it enters the well head.
We have now devised an improved flameless heater,
parficularly but not exclusively for use as a flameless
15 nitrogen heater, which heater oVereomes or reduces many of
the disadvantages associated with prior art devices.
According to-the.invention, there is provided
apparatus for heating a first fluid, comprising: a
closed reservoir for said first fluid; a first power
20 source; a second power source; a coolant system means
for circulating a coolant fluid and transferring heat
energy from said first and second power sources to said
coolant fluid; a coolant fluid-to-first fluid heat
exchanger means for transferring heat energy from said
25 coolant fluid to said first fiuid; and means for
passing said first fluid through said heat exchanger means.
Preferably, both power sources are internal
combustion engines.
In order that the invention may be more fully
30 understood, reference is made to the accompanying
drawings wherein: '
FIGURE 1 is a plan view of one embodiment of
apparatus of the p:esént invention which embodiment

is a flameless nitrogen unit.



partioul arly but not exclusively forr use‘as a flaneless 15 nitrogen heate
whi ch heater overcones or reduces many of the disadvantages associated wi
prior art devi ces. According to the invention, there is provided apparatus
for heating a first fluid, conprising: a closed reservoir for said first
fluid; a first power 20 source; .a second power source; a coolant system
means for circulating a coolant fluid and transferring heat energy from
sare first and second power sources to said coolant fluid; a cool ant

P

fluid-to-first fluid heat -exchanger neans for transferring heat energy'fronr'

said 25 coolant fluid to said first §luid; and nmeans for passing said first
fluid through said heat exchanger neans. Preferably, both power sources are
i nternal conbustion engines. In order that the invention nay be nore fully

30 under st oodp1geferance iervmdael @1eR@tA6A0FRENYSAOLKYE PG tizer ei n: -
FIGURE 1 is a plan view of one enbodi nent of apparatus of the present

i nventi oafwhich enbodinent. is a flaneless nitrogen unit. . FIG 2 is a

| eft side elevation view of the apparatus of FIG 1; FIG 3 is a schemtic
represent ati ofI®f 3 hies rd tgahpmatiicowepyesentasion of the piGrogens fiow
schematic representatlon of the coolant flow circulating system FIG 5 is
a schenaf¥YE&teBpresentation of the flow of Tube oil fromthe nitrogen punp

to the | ube o*&sto ngléﬂgcgéﬁgéic representatlon of the coolant flow

circulating system;
FIG. 5 is a schematic ;epresentetion of the flow of lube
oil from the nitrogen pump to the lube oil-~to-coolant fluid
e#changers, the flow of the transmission fluid from the trans-
10 ﬁission to the transmissionftoecoolant fluid exchanqer, and the
flow of hydraulic oil frcm the three pumps attached to the sec-
ond internal combustion engine to the hydraulic oil-to-coolant
fluid exchangers; h _
FIG. 6 is a sectional view of the nitrogen veporizer discharge
15 manifold showing the connection of a bypess line thereto for
bypassing liquid nitrogeg around both the exhaust-gasfto-nitrogen
heat exchanger and thelcoclcnt fluid-to-nitrogen heat exchanger:
FIG. 7 is an elevat;cn view of one of the coolant fluid co-
mingling chambers, _
20. FIG. 8 is a secticnal_elevation view along line 8-8 of
FIG. 7; and _
. FIG. 9 is a-horizontallsection view about line 9-9 of
FIG. 8. |
FIG. 10 is a schematic representation, similer to FIG. 4,
25 illustrating an alternative embodiment of the present invention

wherein the second engine drives a water brake dynamometer.



hangers, the flow of the transm ssiron ffruid fromthe trans- 10

sion to the transm ssion-to-coolant fluid exchanger, and the flow of
raulic oil fromthe three punps attached to the sec- ond internal
conbustion engine to the hydraulic oil-to-coolant fluid exchangers; FIG 6
Is a sectional view of the nitrogen vaporizer discharge 13 mani f ol d
showi ng the connection of a bypass l'ine thereto for bypassing liquid .
nitrogen around both the exhaust gas-to-nitrogen heat exchanger and the <./
coolant fluid-to-nitrogen heat exchanger; FIG 7 is an elevation view of

one of the coolant fluid co- mngling chanbers; 20 . FIG 8is a
'sectional elevation view along lisne 8-8 of FIG 7; and FIG 9 is a

hori zontal section view about line 9-9 of .FIG 8 FIG 10 is a schenmatic
representation, _si.ml to F 25 14l ustr.atin n_ al atjve

enbodi ment gF%Fﬁglﬁgegéﬁtg?néé%t?%ﬁfﬁ&ﬁﬁwﬁﬁ#t3%535 g&ﬁglgnﬁPngfégrv s a .

wat er : d | Qn ¢ qr awi ticularly
to FI Gg’rﬁi%én?@%wﬁ}eﬁ? Fgﬁe?ggié‘g#% p\ga en véei%ogﬁ P%l%g%\l?n ?’?‘ aoﬁpgﬁgﬁ%r esent

I nvent iigiveint iPAOWS anawaeasaalf;éueﬁlsmggrwéﬂbrtaw_ém%ymtmr auméPa1 The,
vaporizing unit 10 may generally be referred to as an appa- 5 ratus for
heat i nThe apeirifzingdurnsgai d0fhay dyémeral Ihdod impfiedreid toges. anhappgpar at us
| 0 includes a rectangular transportable skid frame 12 havin% first and
$econd s fprsheasing anfizst fhwidavsaig thivid bedngoghenlégpbded si des’
18 and 20. The first and 10 second sides 14 and 16 define a width of
frane_ﬂitﬁﬂﬂ%51vwdth I's approximately 95 inches in a preferred

_ e”bOd'”ent'TﬂLh%pparatus-IU includes a rectangular transportable skid

frame 12 having first and second opposed sides 14 and 16, and
having third and fourth opposed sides 13 and 20. The first and
10 second sides 14 and 16 define a width of frame 12, thch width
| is approximately 95 inches in a preferred.emboaiment. The-
third and’ fourth sides 18 and éO'define a'length of frame 12
which.length is approximately 168 inches 1in a preferred ermbodiment.
The vaporizing apparatus 10 is surrounded by a protective
15 cage 21 which, in a preferred embodiment, has a height of 96 inches.
The protective cage 21 is not shown in FIG. 1 so that the other
components may be ﬁore-clearly illustrated.
| Mountedlupon'thejframe 12 are first And second internal
combustion éngines 22 and 24, respectively, which may also be
20 referred to as first and second power sources. In a preferred
embodiment, engines 22 and 24 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 23, of the crank shafts
of engines 22.and 24 are oriented substantially parallel to third

25 and fourth sides 19 and 20 of frame 12.



thlrd and fourth sides 18 and 20 define'a length of frame 12 which IengtE;;;>

_.|s apprOXJnater 168 inches in a preferred enbodi ment. The vapori zing

.apparatus 10 i s surrourded by -a protective 15 - cage 21 which, in a
preferred enbodi nent, has a height of 96 inches. The protective cage 21 is
not shown in FIG 1 so that the other conponents may be nore clearly

i 1lustrated. Munted upon the-frane 12 are first and second internal
cQubustion engi nes 22 and 24, respectively, which may. al so be 20
“referred to as first and.second power sources. In a preferred enbodi ment,
engi nes. 22 and 24 are Ceneral Mot-or € 6V-92T di esel engi nes.. Engi nes 22 and
24 are oriented upon franme 12 so that the respective axes of rotation, 26

d f h f i d
bstont Pal |y EbRRESDEL 181 Lo AIAIY% BRovila®ndbhe ShbE s n0 - (L 0
12, AvgeRPERSged ébﬁpﬁ&éé&fndﬁﬁrp‘ﬂydﬂr%% tnelaapaﬁaeeﬁné&w&an air

conpressor driven by first engine 22 connected t0 a conpressed alr storage

tank for auzemprebseanpiesseskade ik orsude! ¥ithOBohbLe S66A NeSr 2 Dh 24.
5 A nitrogen punp 30, which may also be referred to as a main

punp, i ssltac&erd on thenenqihéxnm@*analﬁa first engine 22 and second side 16
of frame 12. In a preferred enbodi nent punp 30 is preferably a Halliburton
HT-450 p05|t|6enéF§99§Beﬂﬁm9 Punpitreah meyLiadge Fp- eeferred taoes a0

s S2 TR BIE- obhr LPERURd i O, DA L2 Bervaet Eher FErsenpbaLben S and
31 prov: pesepdcsdel gl £ %%Tl.%ﬁ%%ﬁ@%ﬁ' 343, 38BaR5Abat e B0 5
(The tranpPetdraB1y?a 'ﬁa?ﬂ%@P@é’n Vit# 1 5 *pey@cwec disBP38bR8hL Tpump having
‘Linde HP-60 fluid ends.
10 ' Nitrogen pump 30 is drivingly connected to first engine 22
" by transmission meaﬁs 32 and Sy a gear reduction box 31. In a
preferred embodiment transmiseion'32 is an Allison HT-730 transmission,
and gear reduction box 31 provides a 5-to-1 gear reduction between
transmission 32 and pump 30. |
15 The transmission 32 is equlpped with a hydraulic transm;ss;on
) retarder 33 of a de51gn.well known to those skilled in the art
which operates in a manner similar to that of a torque convertor
with_a load exerted on the trensﬁissien by the transmission retarder
being dependent upen a controllable level of a trensmissien fluid
20 - present in the transm1551on retarder. The higher the fluid level.in
the retarder is, the higher the load exerted will be.

The second englne 24 has a tr;nle pump drive unit 34 attached
to the rear end thereof .to which are drivingly connected first, sec-
ond and third hydraul;c pumps 36, 38 and_40, two of which can be

25 seen in FIG. 1. ' '
The exhaust systems from eheine 22 and 24 are connected to

an exhaust gas-~-to-nitrogen heat exchanger 42'which is located



Yy arder 33 of a design well known to+*those skilled in the art which ®
ppgrates in a manner simlar to that of a torque convertor with a load
¢rted on the transm ssion by the transm ssion-retarder being dependent
on a controllable level of a transm ssion fluid 20 present in the

transm ssion retarder. The higher the fluid level in the retarder is, the
hi gher the |oad exerted will be. The second engine 24 has a triple punp
drive unit 34 attached to the rear end thereof to which are drivingly "
connected first, sec- ond. and third hydraulic punps 36, 38 and 40, two of
whi ch can be 25 seen in FIG 1. The exhaust systens from engi ne 22 and
24 are connected to an exhaust gas9to-nitrogen heat exchanger 42 which is

| ocat ed 9 between and above the engines 22 and 24 as shown in FIGS. 1

and 2. Peswerhaasd hbare ek cemyrine®? I3 ameRdnasi ehovhanaf ereENg heat
energy fromthe_exhaust gases produced by engines 22 and 24 directly to the
n|trogeﬁnFI3MAn@h?h?ﬁhﬁﬁstrh?QtHR$Qﬂan§Qﬁ 42 is acrekamg€orddrandbert Lhign

dlrecté¥ is_used Lo |n§H§%E§1that t he heat energg i s not passed through
any int &TAEdFREETRATOF, §4sk FaReh prosecRdchyt ARgERASUE2 gmd and the

Second agriEBhER L B e %w%%aéft%rC“EEgiée“?‘siai1'9302“39 pen ne
t sansf eekbREAnBEAt 441 O | gt |r tro Fi rst
and second cggfan€iflE?%@ggﬁﬁﬁé??ﬁﬁk% nbers%%%d ﬁé 5?8 ?oﬁgTEdtm%ar

third ahdatoenehggi iiesnd8 paeketd, trrz%swtaweute%e&iaes P:%gk UstahQed e

rear of first and second engines 22 and 24, respectively
Locatedf&bbéemciammnbsswean:ﬁheﬂaxhaqﬂtumahlhndothbeaiteagagngers for
transferring_heat energf from various. sources on
coolant uid-to-nitrogen heat exchanger 44 is located
behind second engine 24 near the fourth side 20 of frame 12, for
10 transferring heat from the coolant fluid directly to the nitrogen.
First and second coolant fluid comingling chambers 46 and
48 are located near third and fourth sides 18 and 20, respectively,

of frame 12 just to tHe rear of first and second englnes 22 and
24, respectlvelv.

15 : Located above transmission 32 are.a plurality of heat

exchangers for'trahsferrihg heat energy from various sources on

lrhe apparatus 10 to the ehgine coolant fluid which circulates
through the cooling systems of the eﬁgines 22 and 24. These heat
exchangers include the following.

20 First and second hydraulic system coolers 50 and 52, respecrlvely.
are prov;ded for transferring heat energy from a hydraulzc fluid
pumped by pumps 36, 38 and 40 to the coolant fluid. Hydraulic '
coolers 50 and 52 may'also be referred to as hydraulic fluid-to-

coolant fluid heat exchangers.

25 A transmission cooler 54 is provided for trahsferring heat



ithe gpparatus 10 to the engine cooltant fluid which circul ates through the
“cooling systens of the engines 22 and 24. These heat exchangers include
following. 20 ° First and second hydraulic system coolers 50 and\5
respectively, are provided for transferring heat energy froma hydraulic
fluid punped by punps 36, 38 and 40 to the coolant fluid. Hydraulic coolers
50 and 52 may also be referred to as hydraulic fluid-to- coolant fluid heat
exchangers. 25 A transm ssion cooler 54 is provided for
“transferring heat =~ - 10.- energy fromthe transmission fluid circulating
t hrough transm ssion 32, and its associ ated transm ssion retarder 33, to
the coolant fluid. First and secomd nigregen punp cool ers 56 and 58,
respectively, 5 are provided for transferring heat energy froma

| ubri cat i anergyi firem rthe dinangmilssdogh fanidogéncpliaping throvgh downemission
fluid. Ni%rogen punp coolers 56 and 58 may al so be réferred to as nitrogen
punp | ubr Feat 7 F3iEIRRIATECatE 2PSTRESARAt FekeFange?d: 8@ the coolant
Referringf?omato FIG 3, a schematic flow diagramis shown for the nitrogen
syst em of ¥ hitrogen heating apparatus 10. The nitrogen punp 30 takes
l'iquid nitrogeg; | d LHA I3l AEC I gh, .| preferr -
enbodi nent , hggléégz?brg%igt{/wo ' %ﬁ%ﬁ%%?ﬁa?g% 5?888%5{‘10%‘@ ?al"hereﬁsl qel.ﬁ g_v-ly,
ni ts0gen goursLoPidd fdr trani®errandt fdanehbdlp £2om & fuscilaiged i ne 62
connects the dis- charge of nitrogen punp -30 {0 the tube side of ‘exhaust
heat exchébgbd &2rculdtimdgaistoughs ad tibgenepgmpeso 280 atite 2dost e ) EIEQ .

t hrough the shell side of exchanger 42 as indicated by arrows 64 and 66.

. 20 Nitrqgen | pupe conlersgd® andmSSumey3elent besreférxed twas evdiragesr

pump lubricating fluid-to-coolént fluid heat exchangers.

10 Referring now to'FIG._J,'a schematic flow diagram is shown
'fér.the nitrogen system of the-nifrogen heating apparatus 1l0.
The nitrogen pump 30 takes 1iquid hitrogen from a liquid nitrogen
soﬁrce 60 which, in a preferred embodiment, has a.capacity of
approximately 2,600 gallons. The ligquid nitrogen source 60 is
15 not locatéd on frame 1l2. A diséharge line 62 connects. the dis-
charge of nitrogen pump 30 to.the tube side of_gxhaust heat exchanger .
42. | | | |
llot exhaust gases from'eﬁgines 22 and 24 are p#ssed through
the shell side of exchanger 42-as indiééted sy.arrows €4 and 66.

. 20 The liquid nitrogen from.pump'30 enters.exhaust heat'exchanger
42 at a temperature of apprdximatelf ;3209F. The heat supplied by
exhaust exchanger 42 is approximatély sufficient to vaéérize the
nitrogen and the vaporized nitroéen exitslexhaust exchanger 42 by
means. of conduit 68 at a tempétature of]épproximatély -200°F.

25 Conduit 68 directs the vaporized nitrogen into the tube side

-



42yat a tenperature of approximately --320 [rerr]. The heat supplied by
ust exchanger 42 is approxi mately sufficient to vaporize the n|trogen

ang’ the vaporized nitrogen exits exhaust exchanger -42 by nmeans. of conduit

at a tenperature of approxinmately -200 [err] 25 Conduit 68
directs the vaporized nitrogen into the tube side of cool ant
fluid-to-nitrogen heat exchanger 44. Warmcoolant fluid fromthe system
generally shown in FIC. 4 is passed through the shell side of exchanger 44&3
as indicated by arrows 70. and 72. The heat transferred fromthe cool ant
fluid to the vaporized 5 nitrogen in coolant fluid heat exchanger 44
superheats the vaporized nitrogen tta approxi mately anmbi ent tenperatures of
70F + 20[err]onduit 73 exiting exchanger 44. As is shown in FIG 3, the

exhaus chan 42 and _t he ant heat ex er 44 are so arranged
rel at |<§/fehie%$]t%§ tl\%‘_g_%r t(?'?‘ééff’gﬁno}g‘e? of*5 a??l%rn ‘{] 3@1"“! IFRe k3¢ exhaust
heat exchaddEfont ahke h an t er 44. A -
first bypass cc‘onﬁﬂletS s|r?vggn;s“ %Hfggggggnﬁgé"#‘ofn(ﬁ%@ss‘ﬁ n%se?uaslf ?h%l r°(5’§5'n past
exhausthdiasiie EX WIOIYE EReAander <0 §90§§éléﬂtédr]§§ PHRARS 7P H274 TS a
manual | y operabl e control valve 15 6 which proovides a neans for

cont r dthe rhpathecramufieirrefl Ifrgmi ghai ebogeﬁtv\/amhdlso byt sehsbrazeand exhaust
heat exchanger 42 so that a controlled portion of nitrogen is so bypassed.
A secontrggen i aedliantnfindd7beptoekdbangerneédfissiperhmeatss tiheg | i qui d

nltroqfqﬁgaft poth the exhaust heat exchanger 20 means 42 and the

cool an HETEFE e RN @PREOX B3B8 4E Jalhiert orrMRRAARINEs) for@TFt 78 is
a manuald Ye I ntrol valye 80 a needl e val ve, by neans of
whi ch iy (ﬁ%qqi 33d ﬁFﬁF&Bgneﬁﬁghﬁaefh$6UQh second bypass conduit 78

may be ContI{éM |sec§home 1‘;1' F§.2”d %ﬁgogghgxggsﬁeggngféﬁan'?arnsts27%n%nd 8 are
the coolant heat exchanger 44 are so arranged relative to the
10 direction of flow of the nifrogen that the exhaust heat exchanger
42 is located upstream of the coolant heat exchanger 41.
. A first bypass conduxt means 74 is provided-:for bypassing
ligquid nitrogen past exhaust heat exchanger means 42 Dlsposed
in first bypass condult 74 is a manually operable control valve
15 76 which provides a means for controlling the.amount of quuid
nitrogen which is bypassea eround exhaust heat eXEhanger 42 so.
that a controlled portion of nitrogen is so bypassed.
A'second‘bypees conduit means 7é provides a means for
bypassing liquid nitroged past.boﬁh'the exhaust heat exchanger
20 means 42 and'the coolant heat exchanger means 44. Disposed in
second bypassing conduit 78 is a'ﬁanually operable control valve 80,
which is a needle valve, by meens of which the amoﬁnt of liquid
nitrogen passed through second bypass conduit 78 may be conﬁrolled.
The first and second bypaes conduit meens 74 and 78 are

25 connected in parallel so that the second bypass means 73 is operable



;25 . connected in parallel so.that the second bypass neans 78 is operabl®;
- 12 - independent of first bypass nmeans 74 allowng liquid nitrogen to 2

bypassed t hrough ei-t her® one or both of the bypass neans. Di scharge condu
73 from cool ant heat exchanger neans 44 and second bypass conduit 78 are
bot h connected to a discharge 5 mani fold 82. Di scharge manifold 82 is
shown in section in FIG 6. Dis- charge manifold 82 includes a first inlet
84.J0 which is con- nected conduit 73, and a second inlet 86 to which is

* connected bypass conduit 78. 10 A thernowel | 83 is disposed in
mani fold 82 so that a tenp- erature indicating neans (not shown) may be.
connected thereto to nmeasure the 4 enperature of the superheated nitrogen
whi ch is discharged from manifold 82 through outlet 90 thereof. The outlet

90 i d | 12,0 disch Li 92. whj ch 15 . ' h
cuper hoat ARSI D fReY YRR RERD LA | 2GRV LA s8R Rgas | <
ert _ FAD7uAf ¢ *SEONHES ol gefigas

or ough Beoahurto G 4E THORA PIxRd the BF RIS Sid Gfadel Bergs©

treated. Connesischd:yed dnawiduivt E3ohetyBein e 0Nk 20t e NtaAInFC hRRGS! 330 :
an

means 44 and- discharge manifold 82 is a safety relief valve 102 an

access f|amyjesddzhdad)ygpass condadeeds dpkvbotRb6ecomedeted Np W ilsehakGe 4,
there is thereshown a schematic flow diagramfor the coolant fluid which
fl ofs t hreapfkfakd &hel | side of coolant fluid héat exchanger 44 as

i ndi cated by arrows 25 70 .and_72 on FIG 3.

Discharge manifold 82 is shown in section in FIG.'G. Dis;
‘charge manifold 82 includes a first inlet 84 to which is con-
nected conduit 73, and a second inlet 86lto which is connected
bypass conduit 78. |
10 ' A thermowell 83 is disposgd in manifold 82 so that a temp-
erature indicating means (not shown) m&y be connecfed thereto
to measure the temperature of Ehe superheated nitrogen which is
discharged frbm manifold 82 through outlet 90 theréof; The.
outlet 90 is connected to a nitrogen dischérge line 92 which
15 directs the superheated nitrogen vapors to a foaming unit 96
where the nitrogen gas {Q used to produce the fracturiné.gel solu-
_tion which is in turn directed'th:ough a conduiﬁ 98 to the well
head 100 of,ﬁhe wélllyhich is being treated.
Connected to the conduit 73“betwéén coolant heat exchanger
20 means 44 and discharge manifold 82 is a safety relief valve 102
and an access flange 104 adjacént an access Qalve 106.
Refefring now to FIG. 4, there is thereshown a schematic
flow diagram for the coolant flﬁid which £lows through the shell
side of coolant fluid heat exchanger 44 as'indicated by érrows

25 70 and 72 on FIG. 3.



FIG 4, coolant fluid-to-nitrogen heat exchanger neans 44 is shown
_ atically in a manner simlar to that in which it is shown in FIG 3.
Mlits | eading into and out of the shell side of exchanger 44 are
gsignated by nunerals 70 and 72, res- 5 pectively, corresponding 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 flow ng through the tube side of exchanger .44, as indicated {;

by arrows 68 and 73 shown in phantomlines, and a cooler coolant fluid
exits 10 ~exchanger 44 by means of conduit 72..The other end of conduit
72 is attached to a tube side inlett3108 of hydraulic cooler 50. A tube
side outlet 110 of hydraulic cooler 50 is connected to a tube side inlet
112 of second®h§dCauldi-cce8drBE ERubg-totmitnagen heat] @xchanger mgangbe side

out | et 6 .of second hydraulic_cooler 52 i-s con- nected to a tube side
inlet 1 Fi‘&r‘?’é’m%g‘;&‘ﬁ%&SBﬁéV 50 ByNNRNI$IMEAT tR Hi9E dpqwhdghl ék 122

ft ] SSJ 54 i . duit J124 whi.ch, i [
Connect &F S, 380rEe. 03, | ScBRRNEES SHedify GNL  dog Be " BeC fragshE 1 ELbe
si de i nlsice 530 ckihadder 44ldde0hebitncalhporaitdld HR0aRPYED caglers 56

and 58, respectively. "A tube side ouflet 134 first nitrogen punp cool er
56 i-s cqeativedyt,0 corriespbniihet td3¢hefafidwd TRHENWITNGCipagher 46T0hy a

conduit 136. A tube side outlet 138 of second nitrogen punp cooler 58 is
connect etarm cpdlianst filulidt epdérsf heat cexcitangeryl4dghtough cohdulier 748 by a
condui t 140. -~ 14 - "The details of construction of com ngling chanbers
46 and @and in the exchanger 44 transfers heat to the nitrogen flowing
through the tube side of exchange: 44, as indicated by arrows 68
and 73 shown in éhantom lines, and a cooler coolaht fluid exits
10 exchanger 44 by means of conduit 72. ‘
'The other end 6f.conduit 72 ié aﬁtached 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 second hydraulic
cocler 52 by a conduit 114.
15 - A tube side 6utiet 116 of second hydraulic cooler 52 is con-
nected to a tube side inlet 118 6f trahsmission cooler 54 by
conduit 120. A tube side outlet 122 of tiansmission cooler-54.is

connected to. a condﬁig 124 which in turn is connected tn hydraulically

parallel conduits 126 and 128 leading to tube side inlets 130 and

20 132 of first and second nitrogen pump coolers 56 and 58, respectively.

A tube side ocutlet 134 of first nitrogen pump cooler 56 is
connected to a first in;et 137 of first.comingiing chamber 46 by
a conduit 136. A tube sidg outlet 138 of second nitrogen pump
cooler 58 is connected to.a fir#t inlet 141 of second comingling

25 chamber 48 by a conduit 140.

3



48 ar,e shown in detail in FIGS. 7-9. Coolant fluid exits a first outl et 1
®ot com ngling chanber 46 through a conduit 144. The other end of \
conduit.144 is con—- 5 ° nected to an inlet 146 to the water jacket of
first engine 22. The coolant fluid then flows through the water jacket of
engi.ne 22 and exits the water jacket at outlets 148 and 150. A conduit 52
I's connected at one end to outlets 148 and 150 and at the other end to a
tiree-way thernostatically controlled val ve 154. 10 A first outlet
- 156 of valve 154 is connected to a conduit 158 for directing coolant fluid
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
com ngli ng chamber 146. Dependi ng sdpofy the tenperature of the coolant fluid
entering 15 thernostatically controlled valve 154, the coolant fluid is
directed to orgheofdeftiaidsand senstriuotiémist I&Hniorgllitiay chlambelre d60kadt
fluidis too hot it is directed to first outlet 156 and to conven- tional
radi at or 4@Ihahowmdncdetaald £nuFEGPs todl ed by heat exchange with air

fl owi ng past the outside of radiator,K 160. OQther-. 20 wi.se, .,the coo] ant
fluid is diredtand 53&‘&2}&6&{-%? TEEsh RPLet A 19F comiBgdiag Fharbess

fofi i nal | . h £1 i d. djrected h_condui
155 1o r ol SB Ul L RERRELE 424 poTuf GRUAYE ond %, Rerl el R4 RPBES 170

ands 172. garred 4Ry -anlhal1e¢09uaNtof }:ig'tédvié Offﬁﬁ& Be Lﬂ%sﬂkggggpglf Iﬁ?ég?énef

radiator 160 and is directed to-in 4 the water |acl
engi ne 22cdylahtc Fidiiid théd. £ABweVeRtbayh CONE Uid tdte ickktd ofs enginechked to

an overflow 5 outlet 180 of radiator i60 and an overflow outlet 182 of
first and exits the water jacket at outlets 148 and 150. A conduit 152
is connécted at,oﬁe end to putlets_l48 and 150 and at the other end
to.a three~-way thermostatically controlled valve 154.
10 - A first outlet 156 of valve 154 is connected to a conduit 158
for-direciing coolant fluid 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 comingling chamber 146.
Depending upon the temperaﬁu:e of the coolant fluid entering
15 tﬁermostaticaliy controlled ﬁalvg 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 léo'wbere thé cgo;ané £luid is cooled by heat _
exchange with air flowiﬁg past thg outside of radiator 160. cher-
20 wisé, the coolant fluid is directéd to second outlet 162 and dir-
ectly to second inlet 166 of;firgt comingling chamber 146.
| The'coblant fluid directed ghrough conduit 158 to radiator

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

25



k 134 fromwhich a coolant fluid nake-up conduit 186 directs cool ant.
uid to a make-up inlet 188 of first radiator 160. Surge tank 184 serves -

to de-aerate the coolant fluid and 10 provi de nmake-up fluid. Al of the
coolant fluid which flows fromfirst com ngling chanmber 46 through conduit
144 to the engine 22, or which is recycled through the radiator 160 and
then back to the engine 22, eventually returns through the conduit 164 t@#
the-second inlet 166 of co- 15 m ngl i ng chanber 46 as previously
descri bed. The cool ant” fluid entering second inlet 166 which has just been
heated by the first engine 22 is physically mixed with or comngled with
the cooler coolant fluid entering figst «inlet 137 within the com ngling
chanber 46. A portion of this coningled cool ant quid is that which was 20
previously It g, £Lr tlet 142 o | i anber 46.
A second portion O?ﬁaﬂ% ?éggﬁg c%%}gﬁt fFTH?jid ?n rgﬁﬁi ﬁgnﬁzr 46 exits
second ﬁallaesoxl%oofaneoqgna#keeteaa@e{n 16 Dig TR st a2 The
tenperature of the coolant fluid entering tirst 1nlet 2 % in a
pref er refl FduxlidiRyine 22 BppPaOsbAALSLY1160 to 170[err] - 16 - The
tenperature of the coolant fluid entering second inlet 166 is approxi mately
190[ err] terperctenfdosf cohdudtomeansf L8 diexédnmgrcfed Mo and cseedndwout | et s
142 and 190 is apprOX|nater 180 [err] each outlet. 5 The
ceni ngquﬁl%&ﬂ%@ﬁgaééﬁ#% 16t>oahél ae overflopcruklate 1842 wfe fdostant

fluid direct tod%Fe cool nt s gﬂ1of first engine 22 higher. than it '
woul d HEPHMG §®cha EF W EPRARLF nt TRt canraateSc$Rduit 136

.mere CQPQEEQé%’é&Jégnléﬂ 384 from whlch a coolant fluid make-up conduit

(EE;T ngl i ng chanber 46. Overflow conduit 178 is connected to a first surge g

186 directs coolant flqld to a make-up inlet 138 of first radiator
160. Surge tank 184 serves to de-aerate the coolant fluid and

10 provide make-up fluid.

All of the coolant fluid which ﬁlows'from first comingling
chamber 46 through cénduit 144 to the engine 22, or which is recycled
through thé radiator 160 and then back to the engine 22, eQentually
returns through the conduit l64 to the secon& inlet 166 of co-

15 mingling chamber 46 as previously described. The coolant fluid
entering second inlet_lse which has just been heated by the first
engine 22 is physically mixed with or comingled with the cooler
coolant flﬁid'entering_first inlet 137 within the cdmingling'chamber 46.

A portion of this cominéled coolant fluid is that which was

20 previously described as exifing.first outlet 142 of comingling
chamber 46. A second portion of the comingled coolant fluid within
the chamber 46 exits second outlet 190 of_éomingling chamber
4g by means of conduit 192. ;

The temperature of the coolant fluid entering first inlet

25 137, in a preferred embodiﬁent, is approximately 160° to 170°F.



the conduit 144. This hel ps prevent over-cooling of the first 10 e

®2 and prevents the mechani cal probl ens which can arise as a natural
consequence of dver-cooling an internal conmbustion engine. The entire
system shown in FIG 4 may generally be referred to as a cool ant system
means. 15 The various conduits which return the coolant fluid from
engi nes 22 and 24 to the heat exchanger 44 nmay generally be described as a
fiirgt coolant fluid conducting nmeans, and the various conduits conducting
“coolant fluid fromcoolant.fluid heat exchanger 44'to the first and second
engi nes 22 and 24 may 20 gengr al4lgy be described as a second cool ant
fluid conducting neans. Al of the various heat exchangers, com ngling

chanbers, radiators, surge tanks, punps and the like sho in, F 4 may
Genor al TERehEeRBEERERER 8 HeA rdh oSk oh SHpeTIns, ABSens ot 1ty
cool ant _fluid. ctipg.oeans.. 25 SEeC I N AT :
conduct ial?a rﬁé‘éﬁ‘ggggﬁp?’gﬁ ng?f I I%ztemp_erla./t ure -rgﬁtzixc%ggégﬁe4gﬂ{né&t%%g%ahrb? nes
22 and 74,3 bha sBESnEVGuPRESd | Bl2 AR als ta%rb%ma%élmsotwf@ar al | el
streans are again conbined at the tee 204 in the first coolant fluid con-
ducti ngg@ansutibe.first and second engines 22 and 24 may 5 t heref ore,
be said to be connected in parallel between the first and second cool ant
f19i d conductthegcomianglisg thambehet omrwes f | (Hod ralisei thef tempehateeeond
coolant fluid conducting means to the first coolant fluid caonducting neans
8

i's splitofi the rredansndlsid ohtrecradirko fthe FonlaadnsyRitem R§ HasEtsai d
Lot hole #aoPECRRE RS Lo S 0 0 R R A demer
were eliminated and the conduit 136 were connected directly to
~ the conduit 144. Thislhelés preVent over~cooling of the first
10 engine 22 and prevents'the mechanical probiems which can arise
as a natural consequence of over-coolinglan internal combustion
engine.
The entire systen shown in FIG. 4 may generally be_feferred
to as a coolant system means. |
15 The various cbﬁduits which return th; coolant-fluid from
‘engines 22 and 24 to the heat exchanger 44 may generally be
described as a first coolant fluid conducting.means. and the
various conduits conducting coolant. £luid from coolant fluid
heat exchanger 44 to ﬁhe first and_second'engines 22 and 24 may
20 - generally be @escfibeq as a secdhd coclant fluid conductiﬁg means.
_All of the various heat exchangers,'éomiﬁgling chambers,
radiators, surge tanks, pumps and the like shown in FIG. 4 may
generally be described as being aisposed in one of these first
or second coolant fluid conducting means.

25 The second coolant fluid conducting means supplying fluid



erred to as a transfer nmeans, connected -o the first and second cool ant
| ukd conducting means between the engines 22 and 24 and the heat exchander
n%},s 44, for transferring heat 15 energy fromcoolant .-fluid in the -
It5t coolant fluid conducting nmeans to coolant fluid in the second cool ant
fTuid conducting neans. The com ngling chanber 46 could be replaced by a
nore conventi onal heat exchanger which does not mx the fluid fl ow ng 20

to and fromengine 22, but due to the fact that the fluids are identical .;}'

and the tenperature differential is snmall the comingling chanmber is
preferred because it provides a much | arger heat exchange than would a
- conventional shell and tube exchanggr -of simlar physical size. 25 The
condui ts connecting second com ngling chanber 43 with second engine 24 are
simlar to that just described between first. com ngling chanber 46 and
first ERGPnexehangeRe 4% dthd-hemnaginasy 22hander 4480l itk ulntot beofirst in- 5
l et 141_an second inlet 194. It alsq includes first and second outlets

196 anaaf@g?‘gg_e%%ﬂ?la%%ﬁtetthﬁaé:ﬁes lt,zénneg_lh@dt_l”S R2EBAYUEL ¢ SPPRAMEARRI ts 192
and 20Qqk £f, UL ShifPn &£ 4 2 d | é’QUMOg&ggﬂkgQEEQ%aS$§g2§g§E§§%$“d 48 both

connect --to0 a conmon return Tiné 20 oF™04. Return

condui 8uéP2ng SmeLNECCIRHE 101 r3+S Uirld WecHndC eRlyiRes09b2Bhal 4l gapunp 206. The
discharge s?%e of coolant fluid punp f%%ﬁigagéﬁﬁgc?gdgég %ﬁéﬂ%gnduit 70

8hi ch bherefevépusé ysdirkrealass Iddmected GANPaFAl160 bBEwbeh ckndf eidwe shel | .
side of coolant fluid heat exchanger 44. Punp 206 is a hydraulically :
: and second coolant fluid conducting means, so that the coolant
fluid flpwing from the second coolant fluid conducting means to.
the first coolant flﬁid conducting méans is split into first
and second coolant fluid stfeams flowing past said.first and
10 second internai combustion engines 52 and.24, respectively.
The comingling_chambers 46 and 48 may each be generally
referred to és a transfer means, connected to the first and
second coolant fluid conductingimeans between the éngines 22
and 24 and the heat exchanger means 44, for transferring heat
15 energy from coolant'fluid_in the first coolant fluid conducting
means to coolant fluid in the secoﬁd coolant £luid conducting
means.
-The comingliné chamber 46 couid'be replaced by a more
conventional heat exchanger which does not mix the fluid flowiné.
20 to and.from engine 22, but due to the fact that the fluids
are identical and the temperature differential is small the
comingling chamber is prefe:red because it provides a much
larger heat exchange than would a conventional shell and tube
exchanger of similar physical size.

25
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.po.we.red punmp which is driven by a hydraulic notor. Although not iIIust"
in FIG 4,it is desirable to conduct a smaller portion of the flow of weg
.coolant fluid fromthe discharge of punp 206 through a heating jacket
around 20 the fluid end of ni'trogen punp 30 to. heat the sane. - 19 -
The details of construction of com ngling chanber 46 are shown in FIGS
7-9. Second com ngling chanber 48 is simlarly constructed. FIG 7 is an
ojter el evation view of com ngling chanber 46. 5 Com ngl i nqg

* chanber 46 includes a vertically oriented cylin- drical housing 208 to

which the inlets 137 and 166 and the outlets 142 and 190 are connected. A

cap 210 is connected to the upper end of housing 208 by a 'l ocking coll ar

. 212. The overflow outlet 182 is attached to 10 cap 210. Referring now -

to FIG 3 ~a sectional elevation view about line 8-8 of FIG 7 is

t hereshown. A base plate 214 seals tq% | ower end of cylindrical housing

208. First and second nounting brackets 216 and 218 are attached to the

outer surface of housing 15 208 for attaching the samto the frane 12

of the flanBhessonduibs gennecping zsenpndidonitgliing dbatrherhddisi ng 208 are

first, second and third baffles 220, 222 and 224. As is best _shown in FIG

' 9 whi cWith FeRSprzBRTANesett2ER PPmilar 9 dhall Gu§tl fmecpibedibet@ers, t he

baf f | . hed | tically  ori d I I el
'ogs 23 ARICIIARIEN CRENPRE AL and ALRSE anasBe haces 1 the bail os.
The baf 1 es 1fige akbAGNEHn] gl (g SUPBRLd: | AP1RARGANT A8 DYkl GI N OF

ot her _
8 let 141 and a second inlet 194. .;t also includes first and second

outlets 196 and 198. Second outlgt 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 conduit 202 is connected to a suction side of a
coolant fluid pump 206. The discharge side of cooiant fluid
pump 206 is connected to the conduit 70 which has previously
‘been described as connected to.the inlet of the shell side of
coolant fluid heat exchanger 4k, Pump 206 is a hydraulically
powered pump which is driven by a hydraulic motor.

Although not illustrated in FIG. 4, it is desirable to
conduct a smaller poréion of the flow of warm'coqlant fluid
fiom the dischargé of pump 206 through a ﬁeating jacket around

20 the fluid end of nitrogen pumé 30 to heat the same.



sui tabl e neans. 25 The operation of the com ngling chanber 46 igs
rs~f ol | ows. - 20 - The cooler coolant fluid enters first inlet 137 and
t hg\war mer cool ant fluid enters second inlet 166 and the two streans of

fRdi g begin comngling with each other above first baffle 220. As the
am’ngl ed fluid flows downward through com ngling chanber 5 46 to the
outlets 142 and 190, the direction of the fluid is deflected twice by the
second and third baffles 222 and 224 to insure thorough m xi ng or -
“-comingling of the two liquid streans so that the liquid exiting the two
outlets 142 and 190 is essen- tially of the sane tenperature at each of
those outlets. 10 Referring nowto FIG 5,  a schematic flow
diagramis shown for the shell gideqgfluids of the hydraulic coolers 50 and
52, the transm ssion cooler 54 and ?he_nitrogen punp coolers 56 and 53. The
fl ow of coolant fluid through the tube sides of those exchangers is

repr esent ed The pleraidim bifneonsnractinneot 1Gomingking |chambert H&t aglkkown in
FIG 4 for aid in correlation of the two _drawings. In the |ower portion of
FIG 5,shown tify FEG8sdr/adl-i cSgarps gemingling cahampex s @&imiddrly second
engi ne 22 are thereshQwn. _-The di scharge sides, 226,. 228 and 230 qof punps 36,
38 and FRfISHRPcte 'reggﬁbtﬁvéFy?“aPBtEgnﬁiﬁY%EF?Q)%%?ﬁ) FOMDEHEPGe |1 ne
232. [%ﬁ? (§x¥kin di scharge line 232 is a pilot controlled relief valve
234 whicth alTows ‘the di scharge pressure in discharge line 232 to be

control | ed angniwified chambllrl 96 $RBLLALL CH vettfalBy \Griditdd yddes 2
relief valve which may be set at the desired operating 25 backpressure
for thedghchaicimsing'@083%0 whiiehr ¢heeinyatyecl3enandiS166 and the outlets

142 and 190 are connected.

A cap 210 is-conneéted to the upper end of housing 208

by a lqcking collar 212. The overflow outlet 182 is attached to
10 cap 210.

Referring now to ?IG. 3  a sectional elevation view ﬁbout
line 8-8 of FIG. 7 is thereshown. A baée plate 214 seals the
iower end of cylindrical housing 208. First and s;cdnd mounting
brackets 216 and 218 are attached to the outer surface of housing

15 208 for attaching the same to the frame 12 of the flameless nitro-
gen vaporizing unit lO.

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 vertically oriented parallel supporé legs 226 and 228
which set in :ectangulﬁr cut-out spaces in the baffles. The baffles
are attached to the support legs 226 and 228 by welding or other
suitable means. | - |

25 The operation of the comingling chamber 46 is as follows.

—



21 -.closed for a very short period of time after the positive dis- /¢
placenent -punps 226, 228 and 230 have begun operating until the presur.
di scharge 232 reaches the preset value at which the relief valve isdeSi
to open. The relief valve opens 5 at that point and naintains a
const ant backpressure agai nst the punps 226, 228 and 230 at the preset
level. In a control console (not shown) supported fromthe frane 12 of
flagel ess nitrogen heating unit 10, there is located an overriding relief
val ve which is-interconnected with pilot 10 controlled relief valve 234
so that the setting of pilot con- trolled relief valve 234 may be overriden
and changed by operation of the relief valve |located in the control
console. Heat is generated and transferred to the hydraulic fluid as it is
punped through the punps 36, 38 and-4@cand-as it drops 15 across the
restriction ih pilot controlled relief valve 234. The punps 36, 38 and 40

al ong W hePbb@lef 008 PAA LT Hld BhekdleV @123t BhOUEIIF YRG! AR Sud el mEans,

connected to second I nterna COI’TbUSt I on engl ne exerting a varyl ng

|l oad on geeBAti PLEidncrB Usddca andieRe 186, af@ theltwd seReuths ¢ heat 20
energy transferred fromengine 24 to the coolant fluid in the system

i | l.ustratfedidnbebth domixgll i wifthomaiche oehekaabofré Ufiirs® HaEFld @oal
nitrogen in the coolant fluid. heat exchanger 44, increases as the |oad
exerted 88 theomomingled ofluichifiiomisodosnyand ghroyghncomingliny chdimbem t he
backpressure controlled by pilot_controlled_ 25 relief valve 234.
22 46 to the outlets 142 and 190, the direction of the £fluid is
deflected twice by the second aﬁd third baffles 222 and 224 to
insure thorov.igh mixing or comingling of the two liguid streams
so that the liquid exiting the two outlets 142 and 1%0 ié 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'sidg fluids of the hydraulic coolers 50 and
52, the transmission cooler 54 and the nitrogen pump coolers
56 and 53. The flow of coolant fluid through the tube sides of
those exchangers is represented by phantom lines in a manner
15 : similar to that shown in-FIQ. 4 for aid in cdrrelation of the
two drawings.
In the-;;wer éortion of FIG. 5, the three hydraulic pumps
36, 38 and 40 which are driven by second engine 22 are thereshown.
The dischargé sides 226, 228 and 230 of pumps 36, 38 and 40, .
20 respectively, are connected to a common discharge line 232. Dis-
posed in diséharge line 232 is a pilot controlled relief valve
234 which allows the discharge pressure in discharge line 232 to
be controlled and varied. The pilot controlled reliéf valve 234

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

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



gsonduit 236 connects pilot controlled relief valve 234 to a shell side
Ml et 233 of second hydraulic cooler 52. A conduit 240 connects a shel
p out |l et 242 of second hydraulic cooler 252 with a shell side inlet 244
irst hydraulic cooler 5. ° 50. A shell side outlet 246 of first
draulic cooler 50 is connected to a conduit 248. Conduit 248 is connected
to two parallel conduits 250 and 252 which are connected to first and
second filters 234 and 256. The outlets of filters 254 and 256 are
connected to conduits 1Q . - 258 and 260 which are connected to a comon
~return conduit 262. Suction sides 264, .266 and 268 of punps 36, 38 and 40,
respectively, are all connected to the return |line 262 thereby conpleting
the circuit for the hydraulic fluid through the shell side of hydraulic
coolers 50 an 2. 15 - Return lLing.262_ Ls connected. t.0 a hydraulic
o1 resctiRITE A5 g Vemyo short DREiEA o5 BfR prEef IS Bl e b7
Anot her ' il 2ot UbB gl i _ r L L not shown)
SLAL Pkl 2280720 208 248 HhOF Be il HRELTR NnSRE Lot woen

whi ch drives coo see

check valye pbdesiith G ddischabde 282 reaches BREKpPEssEWLLEdANK wialae 267
mai ntai ns a constant back pressure of 22 psi on conduits 265 and 269. Thi's

provi destige Crekiehtvalvas §8designelly tof opgdr authe félielf twalve cpeis on sides
of . punps 36, 38 and 40. Referring nowto the mddle portion of FIG 5, the
fi st 25at thamtpeint amshimadnitaingngi gonsgantt hackpressusei agadestand
transm ssion retarder 33 are there schematically_illustrated. - 23 - An
outl et 2WRe (RYMRS redhniatd dnd 234t thRsRFSEREN1P¥®Ar der 33 is connected

to a suction fAQE_égnégcr“ggﬁﬁgf%n(%%%'ghg%gP %ngorted from the frame

12 of flameless nitrogen heating unit 10, there is located an
overriding relief valve which is interconnected with pilot

. 10 controlled relief valve 234 so that the settihg_of pilot con-
‘trolled relief valve 234 may be overriden and changed by operation
of the relief valve located in the control console. |

Heat is generated and transferred to the hydréulic fluid
as it is pumped through the pumps 36, 38 and 40 andlas it drops

15 across the restriction in pilot controlled relief valQe 234.

The pumps 36, Bé &hd 40 along with pilot controlled relief
valve 234 provide a variaﬁle load means, connected to second
internal coﬁbustion engine 24, for eierting a varying load on
second internal combustion engiﬁe 24, so that an amount of heat

20 energy transferred from engine 24 to the coolant fluid in the
system illustrated in FIG. 4, and then from the coolant fluid to
the liquid nitroéen in the coolant fluid heat exchanger 44, increases
as the load exerted on second internal combustion engine 24 is
increased by raising the backpressure cbqtrol}ed by pilot controlled

25 relief valve 234.



by a,conduit 274. The di scharge from pufrp 272 is connected to a shell ré

I nl et 276. of transm ssion cooler 54 by a conduit 278. 5 A shel |l side
outlet 230 of transm ssion cooler 54 is connected to a conduit 282 the

ot her end of which is connected to a filter 284. The outlet fromfilter 284
is connected to a return conduit 286 which is connected to an inlet 288 of
transm ssi.on 32 and trans- mssion retarder 33. The transm ssion fluid is
. hegted by the 10 friction incurred in the.transm ssion 32 and

transm ssion retarder 33 -and that heat is transferred to the coolant fluid
by means of transm ssion cooler 54. Refgerring now to the upper portion of
FIG 5, the circulation systemfor | ubrA atTng oil for the nitrogen punp 30
is thereshown. 15 A lubricating oil manifold which distributes -

lubricating oi A &&ndbPe V236 WBhdEMEN P il Toplrblleageel pefipvalvd S
represented schema- tically by nitrogen punp |ube manifold 290. The

| ubricati @34o0tb asshehl esiides inldd RA3 tdfr cegonthbydanaulbé de@®Der She A

| ubrication oil frommanifold 290 is carried by a conduit 292 to the gear
20 regondpdh X Anngcts avshekledidesoptdescriBeaf weeronred| hdrar kis

FIG 1. The gear ;eduption hox 31 connegts transmission 32 to.njtrogen punp
30. The | GRPRERL 757 BHth (& THRM a8 diebomtdeat 2LBRE: PEIFBORS IR

208°has a>duct PoREhbr RS s A PX Rt avBEpupaEcFoRt e AR YY) & T
condui t 3QQnnAedbCHE YCosridiss ©f243MP 298 is connected to a shell side
I nl et 302 o? é?rst nitrogen punp cooler 56 by a conduit 304. 5 A
shel | side outtehddde pisfis dorHddPrdd R paRlaledbebiduits 250 and
' 252 which are connected to first and second filters 234 anc 256.
The outlets of filters 254 and 256 are connected to conduits
10 258 and 260 which are connected to a common return conduit 262.
'Suction sides 264, 266 and 268 of pumps 36, 38 and 40,
respectively, are all connected to the return line 262 therebé
completiﬁg the circuit for'the‘hydraulic fluid through the
shell side of hydraulic coolers 50 and 52. |

15 Return line 262 is connected to a hydraulic oil reservoir

263 by a conduit 265 and a back pressure check valve 267. Another
| hydraﬁlic fluid return liné 269 from a hydraulic motor (not shown)

which drives'coolhhf pump 206, seg'FiG; 4, connects to conduit

265 between check valve 267 and conduit 262.

20 .Back pressure check valve 267 maintains a constant back
pressure of 22 psi on conduits 265 and_269. This provides a _
constant pressure supply of hydraulic fluid to the suction sides
of pumps 36, 38 and 40. | o
| Referring now to the middle:portion of F;G. 5, the first

25 internal combustion engine 22, the transmission 32 and transmission-

retarder 33 are there schematically illustrated.



connected to ‘a shell side inlet 308 of second nitrogen punp cooler 58 by a
nduit 310. A shell side outlet 312 of second nitrogen punp cooler 58 is
gnnected to a conduit 314. Conduit 314 is connected to an-inlet of filter
6. The 10 outlet of filter 316 is connected to the inlet of nitrogen
np | ube manifold 290 by a conduit 318, thereby conpleting the circu-
|l ating loop for the lube oil. A safety relief valve 320 is connected to .
conduit 314 by a conduit 322 and the outlet of relief valve 320 is '
connected to 15 | ube. oil reservoir 296 by a conduit 324. The operation
of the flameless nitrogen vaporizing unit 10 is generally as follows. For
relatively |l ow punping rates of mit%bgen, only the first internal '
conbustion engi ne 22 need be utilized. The engine 22 is 20 started and
it drives thefhiWodh Zd&nﬁrw \m’aﬂ?"ﬁétﬁﬁﬁ@nt Aé andrbrRnsnissiam netardegw
systemillustrated in e flow.,rate of nitrogen p ed by punp 30
s contr%)#llé% %gf‘rbeo%tﬁ'{ﬁq r?gstuﬁ 1§’[5’e§&d °gn§FH§5‘225 Wbé/jqu)’ﬁ’e RY"8h 2fidssi on

32, f t
9511 oo b IR 27 07 1l RIS Y om BBRHSS7 0900 S iRed 9 e
t he |Iquadshen SRe HIOEE olff t&@‘asﬁﬂsﬁlhﬁ%obi Pe%ygo;Pré"(’I!cg:%ﬁy 241ae

exhaust exchanger 42 it may be partially or ‘entire pdasse eans of

bypass chnshell 7widnbuxlyt ASovdLverdhsmiBeibht £66LEr tHENiE | Q¥EnddE &y to
cool ant fluid heat exchanger 5 44 where it is further heated by heat

t r ansf era egerndwit 1282 duwe -other fendi of Bhiikht he cxnhected . tol2a afid dedre 284.
cool ant fluid exchanger 44 may be bypassed by nmeans of second bypass -
condui t 7 Rttt iTam i Mers@ 84py sneonnes§etihtot anpeturnreonduditc A86d by a

which is connected to an lnlet 288 of transmission 32 and trans-

-

mission retarder 33. The transmission fluid is heated by the
10 friction incurred in the. transmission 32 and transmission retarder
33 and that heat is transferred to the coolant fluid by means of
transmission cooler 54. |
Referring_now to the upper portion of FIG. 5,.the circulatioﬁ -
system for lubricating oil for the nitrbgen pump 30 is thereshown.
15 A lubricating o0il manifold which distributes lubricating oil to
the various moving parts of nitrogen pum? 32 is represénted schema?.
tically by nitrogen pump lube manifold 290. The lubrication oil
is heated as it flows.through the_maﬁifald 290. The lubrication
oil from manifold 290 is carried Ey a conduit 592 to the gear
20 reduction bpx 31 which was previously described with :elatién to
FIG. 1. The gear reduction box 31 connects transmission 32 to
nitrogen pump 30. The lubrication oil is then carried from
gear reduction box 31 by a conduit 294 to a.lubricating oil
reservoir 296.

25



tenperature I ndi cator (not shown) disposed in thernmowell 88, 10 an Qp422).
'bperator may utilize the valves 76 and 80, prindrily the valve 80, for Trme .
adj ustment of. the tenperature of the nitrogen flow ng out the outlet 90 of
t he discharge manifold 82. A larger but |ess accurate adjustnent of the
tenperature of the nitrogen can be made by varying the |l oad on transm ssion

15 retarder 33 so as to vary the | oad on engi ne 22 and correspondi ngly
valy the heat generated thereby in the various heat exchange systens.
© Sifrul taneously with all of this, of course, heat is transferred fromthe

transm ssion 32 and transm ssion retarder 33 to transm ssion fluid and then
to the coolant fluid by neans of 20 24 < ransm ssion cooler 54. Al so, heat
flows in the nitrogen punp |ube oil systemshown in the upper part of FIG
5 to the nitrageib®usdl qRaker2pHhasnd SBctlibnathetéef sysiremtedortwethed to
the first internal conbustion engine 22 are not capable of providing

suf fici edtibheailf oeseireo b 296 byapocionguiign 36P -t hd @e%¢#%§9§l%ﬁ9Qwﬂﬁes of

|l iquid nitrogen, then - - the second .i nternal _conbus eélon en ine 24 is
act|vateaumvh39§eé§nﬁ°¢¢ﬁ%ﬁ¢ﬁﬂthiﬂﬁhﬁﬁloﬁléﬁgFﬁéeE439% ?ﬁ: it nitrogen

I ndependent | y of flrgé |nternal |1§ tlon engi ne 22, so that the second
i nt er nal PEBRHESPLGH el ectively used as an 5 - auxiliary

hegt source i g addhnig deov;éfegé Y: 160TRYS LGB PGS SN (i

anount of heal” energy ran erre rom-t I'rst efgl ne to the cool ant

fluid isd aaukteg €8t al endipvifife Sa.LH]fétC'mt Jfcakconer gy tf el GRing) Eddler
nitrogen to a desired tenperature in the cool ant heat exchanger neans 44.

10 58 bynaecbha@usecsbel. i Nk eshedlll mwmteagtneEchmémxmm t he
anount of heat provided thereby. may be grossly adjusted by
pump cooler 58 is connected to a conduit 314.
Conduit 314 is connected to an inlet of filter 316. The
10 outlet of fllter 316 is connected to the 1nlet of nxtrogen pump
lube manifold 290 by a conduit 318, thereby completing the circu-
lating loop for the lube oil. |
A safety relief valve 320 is connected to.conauit.3l4 by a
conduit 322 and the outler of relief valve 320 is connected to
15 lube oil reservoir 296 by a conduit 324.

The ogeratioo of thé flameless nitrogen vaporizing unit 10
is generally as follows.

For relatively low pumping rates of nitrogen, only the first
internal combustion engine 22 heed be.utilized The ehgine 22 is
20 started and it drives the nitrogen pump 30 which pumps the nitrogen

through the flow system 1llustrated in FIG. 3. The flow rate of
nitrogen pumped by pump 30 is controlled by controlling the speed
of engine 22 and by the transmlssxon gearxng in transmlsslon 32.

Simultaneously, exhaust gases from the engine 22 flow through

25 the shell side of erhaust heat exchanger 42 and heat the lxquld



ying the back pressure on the punps 36,38 and 40 by neans of the pil pt .

-,E trolled relief valve 234. The fine tenperature adjustnment is stil.

1& vi ded by the bypass neans 73 and control 15 - valve 80. The apparatus .
provi des punping rates in the overall range of from 15,000 to 230, 000

standard cubic feet per hour at a punp.pressure of 10,000 psi. 20

In FI.G 10 an alternative enbodi nent of the present invention is

illustrated, in which the punps 226, 228 and 230 and the attached system \g

shown in the | ower portion of FIG 5 are replaced by a water brake :

dynanmoneter 400 which is driven by second engi ne 24. Water brake

dynanoneter 400 is an alternative neans for 25 exerting a varying | oad

on engine 24 so that the anount_ ofgsheat -27- transferred from engine 24

to the coolant fluid, and then fromthe coolant fluid to the liquid

ni tr ogRDtEBgéke cpplem HucH d\éaeatlsebehaegs{-oéﬁdea NG¥ e@%@%ﬁ&di@ | oad

exerted on engine 24 is increased. - I'n the enbodi nent of

Fi gur eetéhanper a2 ft ma) e tpang:z.hlle.ys bel ensifdelpfbirsd sk dhangingt4d i s

carried by a conduit 402 to an inlet 404 of water brake dynanmoneter 400.

Vat er ©f aREpaghaeanduidy “O@nskoondsodnvabvef 7€ient centrifugal punp to

convert nechani cal enerqﬁﬁgron1eng|ne 10 24 into_ heat energy in the cool ant .

fluid. The TRRAPEERINY Herefdiovs srtpscogiant 5&“9%1@@#&)% 3NFEL pressure -
h_ d) 40 Thi f back
Peseuis " thets UOAP Elinat RedstaBul¥: Pty heAnpfetltf Lol vt el 15 4
approxéﬂ@tfiﬁzg.9%&991“&&?%&&%&%@%r!§2C§B&'§geb¥ogfgg9 £1uid exchanger

44 may be bypassed by means qf_seeond bypass conduit 78 and

‘eontrol valve 80. By watching.the teﬁpe:ature indicated by a
femperature indicator (not shown) disposed ih thermowell 88,

10 an operator may utilize the_&alves,?ﬁ and éo,_primarily the
éalve.so, for fine aﬁjustment of the teméerature'of the nitrogen
flowing out the outlet 90 of the diseharge manifold g2.

A larger but less accurate adjustment of the temperature of
the n;trogen can be made by varying the load on transmission

15 retarder 33 so as to vary the load on engine 22 and correspondingly
vary the heat generated thereby in.the various heat exchange
systems. Simultaneously with all of this, of course, heat is
transferred from the transmission 32{and transmission retarder 33
to transmission fluid and -then to the coolant flﬁid by means of

20 transmission eooler 54. Also, heat flows in the nitrogen pump

| lube oil system shown in the upper pait of FIG. 5 to the nitrogen
pump coolers 56 and 58. _
If all the systems connected to the first.ineernal combustion
_ enginelzz are nqt'capable of pfoviding sufficient heat for_the.

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



408 go a sunp 410. The coolant fluird is'taken from surrp 410 by a suction
9ine 412 leading to a coolant fluid booster .punp 414 which boosts the ”
pressure of the-coolant fluid up to 20 approximtely 8 psig as is required

for proper operation of the remainder of the system A conduit 416 carries

the coolant fluid frompunp 414 to tube side inlet 118 of transm ssion

cool er 54. The renminder of the system'shown in Figure 10 is sinmlar 25 to

that of Figure 4. In our copending application published serial no. -

" 2075662, there is described and clained apparatus for heating a first fluid
conprising: a first internal com bustion engine; a main punp for punping
said first fluid, 30 transm ssion neggs connecting said engine and said
mai n punp so t hat’ said main punp is iven by said first engine; a second

nternal coIbUd M 9Adigay SofiBaLe0kn RS AR PR e ilaled 21 rG 2

cool ant fluid an ransterri ener gy m sal d 1 nternal ustion

engi nes t Og&@dil %%fé&@iaqntcoirbugdma éﬁﬁiﬁétzi | 4 cbﬁéa.—éalrestmfdletg»e@kaaa%u?ui .

28 - exchanger neans for transferring heat energy fromsaid cool ant f

to said fisStefdst dnteandla combisBioni enginé a22ersoredhat, thensecoad t o said
transm ssion neans, for exerting a varying: oad on said first engine so
that an 5 mernalofcarbatstdonr gpginangfenaprdbé repdectiveln avsedl asomn bustion
engine to said coolant fluid, and from sai.d coolant fluid to said first

fluid, is 2wekliar 1'@3“3eﬁodllﬂc&a&“e%@@?-'éépﬂnt%af-’eF%ﬁgﬁ'ﬁé’-W]s&"&bu“mn

transn1SS|on {fgegfjwhen the amount of heat energy transferred from the

first engine 22 to the coolant flu;d is insufficient to provide
sufficient heat energy for heating the nitrogen to a desired
.temperature in the coelant heat exchanger means 44.
io ; “Once the second internal coﬁbustion engine 24 is activated,
the amount of heat provided thereby may be grossly adjusted by
- varying the back pressure on the pumps 36, 38 and 40 by means .
of the pilot controlled relief valve 234. The fine temperature
adjustment is still proviﬁed by the bypass means 73 and control
15 valve 80. '
The apparatus 10 prevides pumping rates in the 6verall
ranqe of from 15,000 to 230, 000 standard cubic feet per hour

at a pump pressure of 10, 000 psi.

20 In FIG. 10 an.alternative embediment of the present invention
is illustrated, in which the pumps 226, 228 andéd 230 and the
attached system shown in the lewer portion of FIG. 5 are replaced
by a Qeter brake dynamometer 400:ﬁhich is.driyen by second engine
24, Water brake_d&namometer 400 is an alternative means for

- 25 exerting a varying load on engine 24 so that the amount of heat



MEQNS in increased; and wherein said second internal 10 conbustion engipe
oper abl e i ndependently of said first internal conmbustion engine, so that »

id second internal conbustion engine nmay be sel ectively used as, an ' .

quxi | iary heat source in addition to said first internal conbustion engine"
when the amount of heat energy transferred from15 said first internal
conbustion engine to said coolant fluid is insufficient to provide .
sufficient heat energy for heating saig Lirst fluid to a desired gt

‘tenmperature in said coolant fluid-to-first fluid heat exchanger neans. In

the preceding description, the netric or 20 cel sius equivalents of the

units used taransferfrdd from lexgisne 24 to then coolant fluid, and F

C 95 tﬁ¥3g4éﬁfm th coolant f%fif t328he liquiagﬁilﬁggen in 4217

-200 r] 160

71 170 the Tpqlant EHyighdeat exchanger 44, increases)gg t 88 30
éoood g Clﬁ?ad ?§é¥ﬁ%d oq*fnglne ﬁg is lk%Qeﬁged. 582 St andar Cubic 420
t andar e eet per ur I ur

10, 000ps$ 68. 9 i&ﬁxﬁTbodlment ofp% 1% coolant flu%ﬁslg —

55. 1 kPa 22@(1trng]15’ﬂ§ Gl 1 ﬂmofatmewsexbhanger 44Appacatrusedoby heati ng
a first Ty dof@QR 1 AH%o Brflideee "R o¥OLackd v9akd Llhahohltld: 2

first power
400. Water brake dynamometer 400 acts as an inefficient

. centrifugal pump to convert mechanical energy from engine
10 24 into heat energy iﬂ'the-coolanﬁ fluid. The load exerted
on engine 24 is varied by varying the back pressure against
which dynamometer 400 is pumping. This is done by means
of a back pressure valve 406.
Coolant fluid exiting back pressure valve 406 ié
15 at approximatély 0 gauge pressure and is carried by conduit
408 to a sump 410. |
The coolant f1u1d is taken from sump 410 by a
suction line 412 leading to a coolant fluid booster pump
414 which boosts the pressure of the coolant fluid up to
20 - approximatelij psig as is required for proper operation
of the remainder of the system.
A conduit 416 carries the coolant fluid from
pump 414 to tube side inlet 118 of transmission cooler 54.
The remainder of the system shown in Figure 10 is similar
25 to that of Figure 4. _
In our copending application published serial
no. 2075662, there is described and claimed apparatus for
heating a first fluid comprising: a first internal com-
bustion engine; a main pump for pumping said first fluid,
30 transmission means connecting said engine and 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 traﬁsferring
heat energy from said internal combustion engines to said
35 coolant fluid; a cooiant fluid-to-first fluid heat



source a second power source; a:coolant systemneans for circulatin
®cool ant fluid and transferring heat 5 energy fromsaid first and secon
power- sources to said coolant fluid; a coolant fluid-to-first fluid heat.
exchanger means for transferring heat ener gy fromsaid coolant fluid to
said first fluid; and nmeans for passing said first fluid through said heat

exchanger neans. 10 2. - Appar at [ U, g according to claiml1, wherein:
'said first and second power sources are€ f| rTst and second i nternal
- combust i on engi nes, respectively. 15 3. Appar atus according to

claim 2, fuylhgnSQMEdaid For Qms&e@mm% %&w&wmcgaszact ed to

said fi rst I nt ernal _conbustion engine, for punping said first fluid; and a
variabl e | 6P £ 1widh fet t88d & Fismty La3dGid Pﬁf’el“n&l"%‘&ﬁ‘bﬁﬂ"PBn engi ne,
for exerti ngetarbdry infdand), doddrkctieds aiod s&acaomd-amhﬂrsmbncmusr,l gerengi ne

so that an.ampunt of_ he nsfer f C I gg.er nal
conbusti on eengrtr?'enq 0 sa"frd’f&L g%[é % % eidr ?fq'f'sr %c%gl gﬁtgtf P%I d to said
first flai cemomntasfhent qursmma@s@m@dorfr@ai @aséconaernaér fam-

combusti on kI, Dingitidl € s6ald %woqa!:&achmfi@s an¥ ifomcaasd 4
Appar at us accor di ng to claim?2 or: oy I’EId sai,d second internal
§é‘tﬁ 0

conbusti on ‘ié?ft;"r |§1‘Upﬂer*§ols€’1dn(féﬁ' s dmgneased ps SpAd|
conbusti on Xoegd r‘exeﬁtaed hert sdiidl ediveec Gyd saiiderir@insminsioni eetergere nay be

sel ectivel Y dls ¥| & en ARl Vé]ar yantue%eg,cgir C%Anra as%‘l'otddo'lntt%riﬁ d first

internal cor us ‘en an anount energy transterred from
sai d fi¥Gt ¢m‘v¥#1%ﬂ°%cﬁm4 drf aRpnRP ke iéﬁiﬁ?%’é’(ﬁnéﬂty Pffws&’-ids TAR&{f fi ci ent

to provide Sy digd ENdohiRdst 01 i, so that said second internal
combustion engine may be selectively used as an auxiliary
heat source in addition to said first internal combustion.
eng1ne when the amount of heat energy transferred from
. 15 said first internal combustion ‘engine to said coolant
fluid is insufficient to provide sufficient heat energy
for heating sajid first fluid to a desired temperature in
said coolant fluid-to-first fluid heat ekchanger means.
In the preceding description, the metric or
20 celsiﬁs equivalents of the units used are as follows:

Inches cm - :g :g'
95 S o2k1 -320 -196
168 L27 - =200 -129
25 96 24l - | 7020 2111
160 71
- 170 77
. U.S. Gallomns Ei - _ 190 88
.30 2000 7.6 - . 180 82
Stﬁndand‘Cnhin Standaﬁd'Cubin.
Feet per Hour = Metres per Hour
55 15000 . 2o  10,000psi =  68.9MPa
= 55.1kPa

230000 - 6440 - ~ 8psig
' S : ~ 22psi = 151.6kPa



30 - heating sald first fluid to a desi redJerrperature I n said cool ant
| d-to-first fluid heat exchanger neans. 5. Appar at us accordi ng “to *

m 3, wherein: said includes a hydraulic, punp - R
edns, driven 5 by said SecclmulmlulMIlmmmLstlon engi ne, for punping a
hydraullc fluid against a contrdl|éd Yariable di scharge pressure, so that
the | oad on said second internal conbustion engine is increased by -

i ncreasi ng said discharge pressure.2dglQ 6. Appar at us according to W
claim5, further conprising: hydraulic fluid-to-coolant fluid heat - :
exchanger neans for transferring heat energy fromsaid hydraulic fluid to
sai d cool anCLAIMSd. 15 7. - Appar at us. according to claim5 or 6,

further com prising: a main punp lubricating fluid circulation system for
providing lubricating fluid to said main pump; and |ubricating

f1ui d-to-cobtant fluidPPRRAtEdRmMaating £ gt £ildd tho CABRRLSARE: i n

punp | ubri caténgséd U sls&ivEin o d:0Ns AU st&.&tsﬂmﬂﬂﬂtﬁal A €a@ls@npowyst em neans,
f or transferrln heat enengg from sai d Iubr|cat| gﬂ;|UId to said coolant

fluid. 8. S°UTCeny I ARUYG iPHE aithnE B 18Ry #YSKSE BFARS 25 sai d
hydraul i ¢ ffer deineebat tmg dIquﬂamkufkumﬂuaqﬁatnaagﬁeran@gshedtlubrlcatlng

fluid-tosc f rel.a to a
5 o%l'?{lé’\;v £ 404 é'eﬁ?%ool xaakd UIé@s’H}&l fifo%éro%%h%@es gbakhyg

direction sal d cool ant st em neans,

- downst r eam $P¥h? R %Il‘é’o%i art $ehant oﬂf"ﬁ%‘t"q‘lf&’cﬂh@&t‘uéx gafger neans and -
30 upst reanéﬂéhsﬁg@bfmésﬁsaf& aaedﬁmbeﬂﬁﬁr@aiemm@yomreaglsaea 9.

d 7 : I
N hudes o Freientostdid & B %’Lfnome%“ﬁ b d R medtist Bor: K3 =8 EPR cool ant

fluid fromsaid first fluld through said heat exchanger means.

10 .
2. Apparatus accordlng to claim 1, wherein: said
first and second power sources are first and second internal
combustion engines, respectlvely.

15 3. Apparatue according to'claim 2, further

comprising: a main pump means, drivingly connected to
said first internal combustion englne, for pumplng said
first f1u1d and a varlable load means, connected to said
second internal combustion engine, for exerting a varying
20 load on said second internal conbustion_engine so that an
amount of heat energy transferreddfrom said second internal
combustion engine to said coolant fluid and from said
coolant fluid to said first fluid increases as said load
exerted on said second internal?combustion engine by said

25 wvariable load means is increased.

4. Apparatus according to claim 2 or 3, wherein:

said second internal combustion engine is operable indepen-

dent of said first internal combustion engine, so that said.
30  second internal combustion engine may be selectively used

as an auxiliary heat source in addition to said first_internal

combustion engine when an amountuof heat energy transferred

from said first internal combustion engine to said coolant

fluid is insufficient to provide sufficient heat energy for



‘3 first and second internal Tcombustion €ngines to said cool ant Y.
fluid-to-first fl.uid heat excq a second cool ant - 371

- fluid conducting nearis for mﬂ mmﬁmmrﬂl)ol ant fluid fromsaid
coolant fluid-to-first fluid heat exahanges means to said first and second.
i nternal conbustion engines, said hydraulic fluid-to-coolant fluid heat
exchanger neans and 5 said IubricathgofLuid-to-cooIant fluid heat

_exchanger neans being disposed in said second cool ant fluid conducting
means. 10. Apparatus.accordiing to claim9, wherein: said first and
second internal conbustion engines are connected in 10 parall el betmeen
said first a n 0 f C ¥

cool ant fIU|§qa§§&?nga$?o%?£gF kggg%nggc%g#gé%pg?nggﬂg ggu%?ﬁ% neans to
said first c68PAABY %&Padcaﬁdaéfﬁﬁgfk%ﬁsh?%t sPXGRangRY, Meang. and second
.coolant fluid streans flow ng past said first and second i nternal 15
conbustfon e gines re ectl at ccordlng to, ¢l aim
10, further &onpri si ng§Lg o ngfl n@cgﬁ%ﬁ%%rt?régﬁ%{mcgh TH o £SHttion of
said first amdriebdmdlesd| mpans| undIGQQducthy@rm Pudhiore3ds Wciveai d
first stregmegf saeal agtohbUifltbl-RYS c&ﬂﬁu%ﬁ‘%ﬁ gé&nt J..l ;far om sai d

first coolant fluid_ conducting neans wth cool ant second

“cool ant fIU|HYEGHB$%P|ﬁb“ﬁéaﬁsaéﬂﬁttﬁe?%ﬁ?’?*%ﬁ%fﬁﬁﬁ#ﬁﬂiﬁuﬁﬁthkﬂgﬁ'fron1
salglcoglantpib:bdrbn galdhitrshefnegdn6ngéﬂﬂd SEESHT t it rFRAN S dnfb 3 it
25 fluid in said second _cool an uid condycti ar at us
accor di ng t o ARyt 8|3Pﬁ§e§sfg &X TRAEPRTHE S éﬁéfgg%?ﬂﬁﬁ§?(ﬁﬁfﬁﬂéﬁﬂ;

i ncludes a water brake.dynanoneter means, driven by said-second internal
conbustioRg 6.

Apparatus according to claim 5, further comprising:
hydraulic fluid-to-coolant fluid heat exchanger means for
transferring heat energy from said hydraulic fluid to said
coolant fluid.

15 7. Apparatus according to claim 5 or 6, further com-
prising: a main pump lubricating fluid'circulation system
for providing lubricating fluid to said main pump; and
Jubricating fluid-to-coolant fluid heat exchanger means,
connected between said main pump lubricating flu;d circulation
20 system and said coolant system means, for transferrlng
heat energy from said lubricating fluid to said coolant
fluid.

8. Apparatus according to claims 6 and 7, wherein:

25 said hydraulic fluid-to-coolant fluid'heat exchanger ﬁeans
and said lubricating fluid-to-coolant fluid heat exchanger
means are located, relative to a direction of flow of said
coolant fluid in said coolant system means, downstream from
said coolant fluid-to-first fluid heat exchanger means and

30 upétream of said first and second internal combustion engines.

. _
9. Apparatus according to claim 7 or 8, wherein:
said coolant system means iﬁéludés a first coolant fluid
conducting means for condﬁcting_said coolant fluid from said

35 first and second internal combustion engines to said coolant
fluid-to-first fluid heat exchanger means -and a second coolant



30 'engi ne, for converting_nmechanical—ehergy of said second i nt er nal % &
arqusti on engi ne into heat ener cool ant fluid as said cool-ant

flw§ is noved through sal QME nonet er-. ©-32 - 13. . >
;(ﬁr atus according to cl a| Sai d water brake dynanoneter

i ncl udes a variabl e back pressure valve nmeans for varying a back

pxessure agai nst which said water aja{(e dynanonet er punps sai d cool ant -

fluid 5 so that a | oad exerted on sda'd second internal conbustion engine i Sg -

vari ed as said back pressure is varied. 14. Appar atus according to

claim 13, further conpri si ng: sunp neans for. receiving coolant fluid from

sai d back 1 ressure valve neans; .and bo ster for aki ng said

cool ant fl u?ﬁ&&oﬁ?ggﬁlﬁ Lﬁrpmﬁ%xéﬂsf%ﬂac%? ’f£ %‘ge atﬁ"t iH]w d. 15.
Appar at us atromdsaydt ecelamtn fluhd-toefiwdd ﬂ;Bz:b:t liéatl@xo/wmgeam ‘mezxigl to

water brakesdyaaﬂﬁieanangeé@w 1 PerAd £ doa d 4 1txdl 4,%9@4 anlasfd Ui d heat

exchanger neans are located, relative to a _direction of | 'ow of said
cool ant fl uh¥draudis (fLpidate-cgotant fbliid mﬁs‘!’i‘@%ﬁﬁﬁ?’brﬂefé}% ansh| ant

fluid-tosfi ssidf1ubﬂibeeingx5mweto%&xmotﬁﬁwméﬁeaéﬁdﬁars@ad iddrd and
second i nt e{,nal bust i

rdin f
elains 2 to gmahe%mse%%”%%ﬁaﬁc%@%te?ﬁln%fﬁ*ﬁiﬁ e R G meart

fluid conducting neans for conducting sal d coolant fluid 25 fromsaid first

and second hgternal cppbusiigp gg&p&, ?I A dﬁg% Anfn 4l s tOSJ;ffJ féi;féé“ d

heat exchanger neans and a second cool onductln nmeans
conducti ng @anrd second internal combustlon engines are connected in

10 parallel between said first and second coolant fluid con-
ducting means, so that said coolant fluid flowing from said
' second coolant fluid conducting heanS'to said first coolant
fluid conducting means is split into first and second coolant
fluid streams flowing past said first and second internal
15 combustion engines, respectively.

11. ' Apparatus according to claim 10, further comprising:
comingling chamber.meahs, connected to a portion of said
first and second coolant fluid conducting means within
20 which said first stream of coolant fluid floﬁs, for comingling
coolant fluid from said first coolant fluid conducting means
with coolant fluid fﬁom said second coolant fluid conducting
means and thereby transferring heat energy from said coolant
fluid in said first coolant fluid conducting means to coolant
25 fluid in said second coolant fluid conducting means.

12. . Apparatus according to any of claims 3 to 11,
wherein: éaid variable load means includes a water brake
dynamometer means, driven by said second internal combustion

30 engine, for converting mechanical energy of said second
internal combustion engine into heat energy in said coolant
fluid as said coolant fluid is moved through said water
brake dynamometer.



-geai dscool ant fluid fromsaid cool ant fl uid-to-first fluid heat exchang:

means. to said first and second,i_” mlmﬂnummﬁ)ustion engi ne. 17.
Appar at us according to claim 16, . S irst and second interna

conbustion engi nes are connected in parLaI "el *befween said first and second
cool ant fluid 35 conducting nmeans, so that said coolant fluid flowng from-
sai d second cool ant fluid conducting n&@ns-to said first coolant fluid -
cégducting means is split into first and second coolant fluid Etreans

flowi ng past said first and second internal conbustion engines,
respectively. 5 18. Appar atus according to claim16 or 17, further
conprising: @&8m ngl i ngAppendtus neceox-dioEnec teXhind 2 paHdraainyf Saii@ first
and second c t L dg SRaHbled 4 &S M i sai.d fi.rst stream of
cool ant fl ui gg%?ﬁv@%#érd% corrﬁlp'lqi ng coo’lma%lltm‘??%ad%?arr&rﬁpgeﬁ (?aﬁ“"ltkr st _
cool ant fl ui BXeSABTE YLV eeRean s £9r covdme f4 (Rabk rymssnine seadmdstcool ant

fluid conduckvhidghneaid wattled ey dyritifdnfdtd ol LNY Pod1dP Fahlda

cool ant flgli(sj i&as?i d 'Ii rst_coo] apt fluid conducting neans to _coolant fluid
in said secofd €63Faht 1% PO fpits ernal comhmstions
accordi ng toenginerisecviarijed|as nsafdiridod proegeure g variediaust -t o-first
fluid heat exchanger neans for transferring heat energy from exhaust gases
pro- 20 duced, by said first and second internal conbustion engines directly
to said first¥fluid. 2tpparatus gacarding daleim o duritherd comparising:
sai d exhaustsiusp fméshs ok Or st viig VWU THARS A1 o Wadd back

10 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 7 and claim 12,13 or
15 14, wherein: said water brake dynamometer and said lub-
‘ricating fluid-to-coolant fluid heat exchanger means are
located, relative to a direction of flow of said coolant
fldid in said coolant system means, downstream from said
coolant fluid-to-firsf fluid heat_exdhanger means and

20 upstream of said first and second internal combustion engines.

16. Appgratus'iccording to any of claims 2 to 8,
wherein: said coolant system means includes a first coolant
fluid conducting means for conducting said coolant fluid
25 from said first and second internal combustion engines to
said'coblgnt 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 meéns to said first and second interﬁal com-
30 bustion engine. ' |

.1?. ' Apparatus according to claim 16, wherein: said
first and second internal combustion engines are connéqted
in parallel between_said first and second coolant fluid

35 conducting means, so that said coolant fluid flowing from



5" wid-to-first fluid heat _exchanger—rearis—are so arranged rel ative tosa
at exchanger neans. 30 21. . according to claim 19 or 20,
further conprising: first bypass neans for bypassing said first. fluid
past said exhaust-to-first fluid heat $xghanger means. -34- 22.

Appar atus according to claim 21, mher%'n: .said first bypass nmeans is

further characterized as_ being a control | abl e bypass neans for bypassing a
controlled portion of said first fluid. 5 23. Appar atus according to

tion of flowof said first flui ' hi-exhaust-to-first fluid heat
nger neans is |ocated upsH m Eﬂﬁ“tool ant fluid-to-first fluid
[ M S

i

claim 21 or 22, further . conprising: . secqond bﬁgass.neans for .bypassing said
o408 5%

first fluidsedst segopdeseadeapt SIS FopAYciRgalmeaRenifgERt nd said
coolag; fltudtﬁxaﬂdrfmnﬂalddidmaﬂin@xmhangeisnapnit iatd4first andppar at us
according to claijm?23 eregin: ' e byp ieS ~QRE |l e
i ndependent %ﬁ°%ﬂﬂﬁfﬁ%ﬁ%g} g?ﬁ§§55§%%%g§ ?g%§§g¥ %§§tnﬁgg§ rirdecha
claim 20, fusedend davisrmaly gonbpstdonrengines, BpsResitigeddi-d first fluid
F?s;dsaldﬁexhaust-to-flrst fluid heat exchanger neans and sai d cool ant

ui d-to-

ratus according to

irst fluid heat exchanger neans. 20_24. : parat accordi ng
to clai m25,18merei n: ARPATRYRS W#E;$§ it F&Fgﬁbﬁﬁcﬁgr& PefPfggegs being .

a control | alkdemprising: comingling chamber means, connected to a portion
of said first and second coolant fluid conducting means
within which said first stream of coolant fluid flows, for

10 comingling coolant fluid from said first coolant fluid
conducting means with coolant fluid f:om said second coolant
fluid conducting means and thereby transferring heat energy
from said coolant fluid in said first coolant fluid conducting
ﬂeaﬁs to coolant fiuid in said second.coolant_fluid conducting

15 means.

19. Apparatus according to any preceding claim,

further comprising: an exhaust-to-first fiuid heat exchanger

means for transferring heat energy from exhaust gases pro-'
20 duced by said first and second internal combustion ehgines

directly to said first fluid.

'20.  Apparatus according fo claim 19, wherein: said
~ exhaust-to-first fluid heat exchanger means and coolant

25 fluid-to-first fluid heat exchanger means are so arranged
relativﬁ to a direction of flow of said first fluid that
said exhgust-to-firsf fluid-heat'exchéngéf means is located
upstream from said coolant fluid-to-first fluid heat exchanger
meahs.

30 o

- 21.  Apparatus according to claim 19 or 20, fu:ther

comprising: first bypass means for bypassing said first

fluid past said_exhaust-to—fifét fluid heat exchanger means.

b4

-

b



%%pa§s means for bypassing a controlled portion of said first fluid. 25 Z7.
paratus according to any of for heating a liquid firgt
®luid sufficiently to transforﬂlmnmlﬁ“mmlrmnd t:0 a superheat ed gaseo
state, ‘viherein: said exhaust-to-fifst"fI'i ¢ héat exchanger neans is further
characterized as being a neans for transferring approxi- 30 mately enough

heat energy from said exhaust gasesta@agsaid liquid first fluid to transform
saLd first fluid to a gaseous state; and said coolant fluid-to-first fluid

"heat exchanger neans is further characterized as a neans for superheating
sai d gaseous first fluid.. '35 - 28. Apparatus according to any of

claims 2 to Zg, furthen ey Q%co.a:drzﬁ %guha g wﬂéi‘lem figgigqand
third an és,

second oppose Sld S an fourt ose id first and
second i nt er i Pt des IEths rnﬁ é&tﬁraﬁﬁﬂ §5|He¥P§né with
axes of rot atdmmma:lw‘ats& e and d'ofrl bypaddingcaobentfbElBal portion
conbustion en nesdmylg%éw en&;d substantially parallel to said third and
fourth sides 0 sald ﬂﬂ - - Apparatus according to claim 28,
whi ch incl ddes a main punp for punplng said first fluid, said main punp

bei ng | ocategn said Kﬁﬁa‘%ﬂs""%‘%@o’i@;ﬁg‘( %suh%eéaabrceﬁbum-eﬂeﬁng' ne

and said second side of "Said frane; and {ransm ssil on neans connecting
said first i ROSATHSID&: E?q&ﬁﬁiQMPqéﬁgFﬁénﬁofgilBYR&Pﬁlﬁﬁnﬁalgof%ﬁéf sai d
main punp is fduiddepaut sid fexhustito-Tirst0fiuidi Rea€NgkbRang@r means
Apparatus acﬁﬁmf“égi (%Jgfﬂﬂp %%ugh-%%LEWherekiuld heat exchanger means.
10 _ _
24, - Apparatus according to claim 23, wherein: said
second bypass means is operable independent of said first

"bypass means.

15 25. Apparatus écéording to claim 20, fﬁrther domprising:
bypass means for bypass;ng said first fluid past said
exhaust-to-first fluid heat exchanger means and said coolant
fluid-to-first fluid heat exchanger means.

20 26. Apparatus according to.claim 25, wherein: said
bypass means is further. characterized as being a controllable
bypass means for byﬁissing a controlled portion of said first
fluid.

25 27. - Appéfﬁtﬁs according to any of claims 20 to 26,
for heating a liquid first fluid sufficiently to transform
said_fifst fluid to a superheated gaseous state, wherein:
said exhaust-to-first fluid heat exchanger means is further
characterized as being a means for transferring approxif '

30 mately ehbugh heat energy from said exhaust gases to said

-_liquid'first fluid to transform'said first fluid to a gaseous
state; and said coolant fluid-to-first fluid heat exchanger
means is further charactérized as'a.means'for superheating

- said gaseous first fluid.



rectangular frane is a. LLanspeF%ab+e—s?Tﬁ’Trane 20 31. Apparatg§

et AR R

conpanyi ng draw ngs.

- 35- - | >

28. Apparatus_according to any of claims 2 to 27,
further comprising: a rectangular ffame having first and
second opposed sides and third and fourth opposed sideﬁ,_suid_
first and second internal combustion engines being mounted

5 upon said frame with axes of rotation of crankshafts of said
first and second internal combuStion'engines being oriented
substantially parallel to said third and fourth sides of said

frame. ' ¢

10 29. Apparatus according to claim 28, which includes
a main pump for pumping said first fluid, said main pump
being located on said frame between said first internal
combustion engine aﬁd said second side of said frame; and
transmission means for commnecting said first internal com-

15 bustion engine to said main pump, so that said main pump

is driven by said first internal combustion engine.

30. Apparatus according to claim 28 or 29, wherein:
said rectangular frame is a transportable skid frame.

20 .
31. Apparatus for heating a first fluid substan-
tially as herein described with reference to Figures
1 to 9, or Figures 1 to 9 as modified by Figure 10, of
the accompanying drawings.




