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(57) Abstract: A block style heat exchanger for a heat pipe reactor having a plurality
of heat pipes extending from a reactor core. The heat exchanger includes a plurality of
primary channels, each for receiving heat transferred from the core via one of the heat
pipes. The primary channels extending within a block of one or more materials. The heat
exchanger also includes a plurality of secondary channels defined within the block for
transmitting a flow of the secondary heat transfer medium through the heat exchanger
from an inlet to an outlet. The block 1s formed from one or both of: a plurality of plates
bonded together, with each plate defining at least a portion of one or more of the plurality
of primary channels and/or the plurality of secondary channels, and/or a unitary piece of
material formed from an additive manufacturing process.
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BLOCK STYLE HEAT EXUHANGER FOR HEAT FiFE REACTOR
GROSS-REFERENCE TO RELATED APPLICATIONS

{00011 This application ciaims the penelit of 16/722,845, filed December 30, 2018 entitied
"‘BLOCK STYLE HEAT EXCHANGER FOR HEAT PIPE REACTOR,” the contents of which

are incorporated by reference herein.

SACKGROUND

1. Figlg

{00021 The present invention pertains generaily to heat exchangers and, more particuiarty,
{0 plock styie heat exchangers particuiariy suiled to transter heat from a primary heat source

{0 a secondary medium through a numper of heat pipes.

2. Relagted Ast

100031  Supercritical carbon dioxide (sCO2) 1S a fiuid state of carbon dioxide where i is hield
at or above is critical temperature and critical pressure. Carbon dioxide usually behaves as
a gas in air al standard temperalure and pressure, OF 45 a soiid called dry ice when frozen. if
the temperalure and pressure are poth increased from standard temperature and pressure
{0 e at or above the critical point for carbon gioxide, # can adopt properties midway
petwesn a gas and a iguid. More specifically, carbon dioxige dDehaves as a supercritical Huig
apove s critical temperature (304 25 K, 31.10 “C, 87.98 “F} and cnitical pressure (2.9 atim,
£.39 MPa, 1,071 psh, expanding 1o fill s contamer ike a gas but with the density like that of
a Houid.

1000841  sCO; is chemically stable, reliable, low-cost, non-toxic, non-flammabie and readily
available, making it a desirable candigate for a working fiuid. Further, due 10 1S superior
thermal stabilty and non-flammabiiity, direct heat exchange from migh temperature sources
1S possidie, permitting higher working fuig temperatures and therefore higher cycie
sfficiency. Unilike two-phase fiow, the single~-phase nature of sCO; eliminates the necessity
of a heat input for phase change that is reguired for the water 10 steam conversion, thereby
aiso ehiminating associgted thermai fatigue andg corrosion. Despite the promise of
substantially higher efficiency and lower capiial cosis, the use of sCO, prasents material
selection and design issues. Matenals in power generation componenis must display
resistance o gamage caused by high-temperature, oxidation and creep. Candidate materials
that meet these property ang performance goais include mcumbent alioys in power
generation, such as nickel-based superalioys for turbomachinery components and austenific

stainiess sieeis for piping. Components within sCO; Brayion loops suifer from comresion and
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Srosion, specifically erosion in turbomachinery and recuperative heat exchanger

components and intergranular corrgsion and pithing in the piping.

FG005T Prior to this point, no feasible primary heat exchanger design and manufactunng
route has peen conceived o integrate a sCO2 secondary cycie into a heat pipe reactor. Most
designs assume a DIocK siyle heat exchanger with shell and tube style headers on either
eid of ihe heal exchanger, along ine path of the heat pipes. This type of design reqguiras the
neat pipes to pe protected from the high pressure s O, i the gpen headers, althoughn there
IS hmited space belween heat pipes. inlegrating protective neat pipe sleeves into the headger
chambers and heat exchanger biock section pecomes gifficult, if not impossible, due {o the
imited space available for connecing or welding the chamber and sieeves 10 the heat
exchianger section and remaining real estate for the sCO; channeis into the heat exchanger
GIocK. Thicker protective matenal around the heat pipe aiso reduces the heat transter
capaniity of the heat exchanger subpsiantially. Accordingly, it i1s an object of this vention to
provide an integrated biock style heat exchanger design that will practicably enable the heat
output of a heat pipe reacior 10 be effectively transterred 1o g sCO, secondary sige and

gperate with a minimum of mamntenance.

SUMMARY

100061 These and other objects are achieved in one aspect of the nvention by an
integrated block siyle heat exchanger for use with a heat pipe readcior having a piurality of
heat pipes exdending from a reactor core. The heat exchanger comprises: a piuraiity of
primary channeis each siructured o receive heatl transferred from the core via a
corresponding one of the pluralty of heat pipes, the pluratity of primary channeis detfined
within a bilock of one or more materials, each primary channel extending in a first direction
along a longitudinatl axis of the neat exchanger from 3 first eng of the heat exchanger 1o a
second end of the heat exchanger; and a plurality of secondary channeis defined within the
GIOCK, each secondary channeal being structured 1o transmit a flow of the secondary heat
transter madium throughn the heat exchanger from an iniet {0 an outlet of the heat exchanger,
each secondary channel comprising: a first portion exdenading from the inlet {0 adjacent at
least one of ihe primary channeis; a second portion extending aiong, being situated in heat
exchange proximity 1o, and separated from, at the at least one of the primary channeis; and
a third poriion extending from the second portion o the oullet, wherein each of the first
portion and the second portion is disposed at a non-zers angle with respedci 1o the second
portion, and wherain the block comprises one or both of. a plurality of plates ponded

together, with each plate defining at least a portion of one or more of the plurality of prnimary
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channels and/or the plurality of secondary cnannels, and/or a unitary piece of matenal

formed from an addiive manufacturing process.

t00071 The second portion of each secondary channel may comprise a plurality of
separaie sub channels, each spaced around the at least one of the primary channeis ang

extending between the first portion and the third portion of the secondary channel,

{00081  The biock may comprise the pluralty of plates bonded tegether.

I000%T  The plurality of piates may be arranged in a stack prior 1o, or as they are bonded

together.

{00181 The piuralily of plates may de bonded together via one or more ol diffusion

ponding, drazing or hot isostatic pressing.

{00111 The portion of the one or more of the plurality of primary channels and/or the
pluralilty of secondary channels may be formed via one or more of: machining, laser cutting,
chemical etehing, elecinical discharge machining, electro-chemical machining, ang/or

stamping.

100141 The biock may comprise the uniary piece of maternial formed from the additive

manufacturnng process.

t0013]  Alleasi one of the iniet ang/or the outlel may comprise a circumierential header
cavity structured to transmit the flow of the secondary heat transfer medium 1o or from each

secondary channetl of the piurality of secondary channeis.

{0014  The circumferential header cavity may exiend along only a portion of a

circumierance of the heat exchanger.

{00151 The circumferentiai header cavity may exdend along an entire circumtference of ihe

heat exchanger.

{00161 Al leagst one of the inlet and the outlet may comprise an integral header.

100171 The integral header may be a flanged header.

t0018F  The piurality of secondary channels may exit the block via multipie piates.

{00191 The pluralily of secondary channeils may exit the block via a singie plate.
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{00201 As another aspedct of the invention, a nuciear readcior Comprises: a core; a biock
styie heal exchanger such as descrnbed herein, and a pluraity of heat pipes, sach heat pipe
sxtending from the core {0 a correspongding primary channei of the heat exchanger, whersin
cach heat pipe is structured 1o transfer heat from he core o the corresponding primary

channet of the heat exchanger.

100211 These and other objects, teatures, and characteristics of ihe present invention, as
well 85 the methods of operation and functions of the related elements of structure and the
combination of parts and economies of manufacture, will become more apparent upen
consideration of the following description and the appended claims with reference 1o the
ACCOMPanymng drawings, all of which form a parnt of this specification, wherein like reference
numerals gesignate corresponding paris in the varous hgures. i is 1o be expressiy
understood, nowever, that the drawings are for the purpose of lustration and description

oniy and are not intended as a definilion of the imis of the invvention.

BRIEF DESCRIPTION QF THE DRAWINGS

t00227 A turnther understanding of the invention can be gamed from the following
dascription of the preferred embodiments when read in conjunclion wih the gccompanying

Arawings in wnich:

{00231 Figure 115 g partiaily schemalic perspeclive view of a portion of a heal pipe reactor
and a block style heat exchanger in accordance wilh one exampie embodiment ¢f the
present nvention with an open circumierential header cavily attached 1o the blocks, with the
peripheral portions of the heat exchanger shown pariiglly transparent so {he internal

passageways and tubular openings can be visualized;

{00241  Figure 2 15 a view simiiar 1o that of Figure 1 of another Diock style heat exchanger in
accordance with another example embodiment of the present invention naving ntegrai

headers and flanges;

{00251 Figure 3 18 a partiaily expioded view of @ header region of the heat exchanger of

Figure 2;

{00261 Figure 4 18 a partially expioded views ¢f a header region simiiar 1o the amrangement
shown i Figure 3 except such arrangement is structured 1o interface with circumferential
neaders such as shown i Figure 1 rather than the integrated headers such as shown in

Figure 2;
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{00271 tigure 518 a view siriiar o that of Figures 1 and £ of yel ancther block styie heat
gxcnanger in accordance with vet another example empodiment of the present invention in
which the secondary fuid enters and exils the heat exchanger through a singie block 1ayer;

and

100281 rigure 6 is a partially expioded view of a header region of the heat exchanger of

Figure 3.

DETAILS DESCORIPTION OF EXEMPLARY EMBODIMENTS

00291 Embodiments of the present invention provide diock styie heat exchanger
arrangements that enable the integration of a sCQ; secondary cycie into a heat pipe reacior.
The bilock styie heatl exchanger is generally formed from a biock {of any suitable shape) of
material (generaliy referred {0 heren as "the biock™) contains channels for the heat pipes
coming from the reactor along with smaller channeis for the sCQ, defined/Aormed therein.
The smailer channels extend between inlets and outlets and are posiioned around and
extend atong the heat pipes. The center heat exchanger portion of the block is mads up of
thin sheet metal shims or plates, which contain through noies for poth the heat pipe channeais
and the sCO; channels. The shims or plates may be proguced, for example, without
Hmiation, by machining, 1aser cutling, chemical etching, EDM {klectncal Discharge
Machining), ECM (Eiectro-Chemical Machining), stamping or olher metal fabrcation
methods. The end seclions of the biock ¢can aiso be made from simiiar shims, which contains
noies and channels, proguced, 1or exampile, by laser cutling, machining, DM, ECM or
chemical eiching, 1o creale sCQO; flow paths perpendicular 1o the heat pipe, in order for the
sLO; channels 1o collect in headers on the periphery of the biock. The entire plate portion of
the heatl exchanger s ponded into a single Hiock using, for example, diffusion bonding,
prazing or hot isostatic pressing. The heat exchanger headers may dbe internal champears,
siofs or channels within the biock that are cut/formed in the mdividual shims, or chambers

that are attached 10 {he outside of the main neat exchanger biock.

100301 Alternatively, the block styie heatl exchangers described hergin may be proguced
entirely or in seclions using varous addilive manuiacturing technoiogies inciuding farge
scale powder ped fusion, directed energy geposition, binder jelting, uitrasonic, fnction stir
and/or hybrid agditive manufacturing. As used nerein, the phrase "and/or shall mean either
ane, or both of the Hems separaled by such phrase (.., something inciugding A and/or g

may include A alone, B alone, or poth A and B.
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{0031 tigure 1 Hustrales a partially schematic perspeciive view of a portion of a heat pipe
nuciear reacior & having a reacior core 4 and a plurality of heat pipes §, each neat pipe 6
sxtending from core 4 10 a pIock style heat exchanger 10 in accordance with one exampis
embodiment of the present invention. Heat exchanger 10 s formed generally as a plock of
material of matenals (such as the cylingrically shapeg block of Figure 1) and includes g
piurality of primary channelis 12 gefined therein that extend generally i a first direction along
a iongiudinal axis A of heat exchanger 10, kach of primary channels 12 15 formed generaily
as a iubular member that s structured to transmit a flow of a primary heat fransfer medium
through heat exchanger 10, in the exampie embodiment tusirated in FiG. 1, gach heat pipe
G extends from core 4 {0 g corresponding primary channet 12, £ach heat pipe 6 is structured
to transter heat from core 6 10 the corresponding primary channe! 12 of heat exchanger 10.
Heat exchanger 10 also mcludes a piurality of smaller secondary channeis 14 defined in the
piock of material, with each secondary channei 14 being structured 1o transmil a secondary
heat transfer medium {8.g., sCU;) between a circumferential inlet header 16 and a
circumierantial oullet header 18. In the exampie Hustrated in Figure 1, each secondgary
chiannetl 14 extends from inlel heager 16 glong a first portion 20 1o adigcent a corresponding
primary channel 12, where secondary channei 14 then transitions from first portion 20 10 a
Second portion 22 that is gisposed aiong the primary channet 12 over a heat exchange
nortion of the heat exchanger 10, Second porlion 22 of each of secondary channels 14 s in
neat exchange proximity 1o, put spaced from, the corresponding primary channe! 12. As will
De appreciaied from the exampies giscussed herein, second portion 22 of each secongary
channetl 14 may consist of a single channel running along primary channel 12 ormay be a
piuralily of (.e., Iwo or more) sub-channeils posilioned around primary channel 12, At the
lower end of the heat exchange portion of heat exchanger 10 each secondary channel 14
transitions from second portion 22 10 a third portion 24 that exiends from near primary
channet 1.2 to outliet header 18, In the exampie shown in Figure 1, second portions 22 of
secondary channels 14 are positioned generally vertically along ongitudinal axis A while first
and third portions 20 and 24 of secondary channeis 14 are postiioned generally normal (.e..
generally at 80 1o axis A, however, it is 10 be appreciated that first and third portions 20 and
24 of secongary channeis 14 may pe griented at any non-zerg angle with respect {0 second

portions 22 wihout varying from the scope of the present invention.

t0032]  Continuing to refer to Figure 1, circumierential inlet and outlet headers 10 ang 18
may exiend completely around heat exchanger 10, such as iliusirated by the outlet header
18 i Figure 1, of may exiend oniy partially around the heat exchanger 10, as iiustrated by
the inlet header 16 in Figure 1. Circumferentiatl headers 16 and 18 may be formed as

separate components and atiached 1o the heat exchanger 10 via any suitable means {(e.q.,
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without imitation, mechanicatly or Dy welding) or may be formed inlegraily with neat

gxchianger 14 via any suiaple means.

t00331  Figure 2 Hlustrates another heat exchanger 10 in accorgance with a second
embodiment of the present invention that includes integral iniet and outlet headers 16 and 190
instead of the circumferential iniet and outiel headers 16 and 18 shown in Figure 1. in all
giner respedcts, neat exchanger 10, lustrated in Figure 2, s the same as the heat exchanger

10 Hlusirated in Figure 1.

t00341 Figure 3 shows a partially expioded view of a portion of outlet header 18 of heat
exchanger 10 of Figure 2, showing third porlions 24 of secondary channeis 14 that extend
from adiacent primary channels 12 {o the outlet header 18 with second portions 22 of
secondary channeis 14 traversing muiliple layers of the biock segments 26, which are also
referred 10 herein as shims or plates. Though the upper segiment 26 and the lower segment
34 of Figure 3 are shown as hick portions of the heal exchange portion, each of the
segments 28 and 30 may be, and preferabily are, made up of multiple layers of piales 26 that
are ponded iogether. ach of the secondary channels 14 may be formed by any suitable
Machining process, or by chemical or {aser efching. From such view i is 10 De appreciated
that in such example second portions 22 of each secondary channel 14 consist of a plurality
of small conguits or sub-channeis circurnterentially spaced around the respective primary

channel 12,

t003S]  rigure 4 shows a similar arrangement as rigure 3 except the arrangement of
Figure 4 can interface with circumferential headers 10 and 18 such as inose ilustrated in

Figure 1, rather than the integrated headers 16 and 18 such as itlusirated in Figures 2 and 3.

t00361 Figures 5 and © show a similar arrangement 1o that shown in Figures 3 and 4
excep! third portions 24 of secondary channels 14 are only defined in, and extend in one
laver of the plates 20, rather than through the tiered iayers such as shown in ihe
arrangement of Figure 3. Note that in such example the iayver 26 housing third porlions 24 of
secondary channeis 14 1s much thicker than the other layers of plates 20 in orgerto

accommodate a sufficient voiume of the secondary heat transier megium.

t00371  VWhile the heat exchanger arrangements desocribed herein are especiaily suiled for
interfacing a heat pipe reacior to a sCOQ; secondary cycle, it 15 10 be apprecigted that the
arrangements are applicable 1o other apphications where the primary fluid would transverse
the primary channeis 12 and the secondary fluid would traverse the secondary channels 14,

Varnous siim (.e., piate or piock segment) manufacturing and bonding options enabie
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muttiple design feature options, ncluding neat exchanger size, iength, primary channel size,
secondary channel size, shape, and path, and header size, shape and iocation.
Alternatively, or in aggition 10, the neat exchangers could be proguced with a varnetly of
additive manufacliuning techniguss, including powder bed fusion, binder jethiing, direcied
Snergy deposition or hybnd addilive manufactunng, in a simiiar lavered approach. The
layered approach enables aulomation gurng manufactunng, such as taser cutling, CNC
{Compuler Numerical Controf} machining, forming process and plate stacking and handiing

automation process, which enables automated faprication of nuciear reaciors.

{0038 Wyhile specific embodiments of the invenlion have been descnped in getal nerein, it
will be appreciated by those skilled in the art that vanous modifications and alternatives {0
those details could be developed in light of the overall teachings of the disciosure,
Accordingly, the particuiar embodiments disclosed are meant 1o pe illustrative only and not
HMiing as to the sgope of the invention which S 10 be given the full breadth of the appended

claims and any and ail eguivaients thereof.
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what is claimed 1s;

1. An integrated block styie heatl exchanger for use with a heat pipe readcior having a

piurality of heat pipes extending from a reactor core, the heagt exchanger comprising:

g plurality of primary channeis egeh struciured 10 receive heat transferred from the core
Vid & corresponding one of the plurality of heat pipes, the pluralily of primary channeis
defined within a block of one or more maternials, each primary channel exdendging n a fivst
direction along a ongiiudinal axis of the heat exchanger from a hirst end of the heat

axchanger o & second end of the heal exchanger; and

a plurality of secondary channels delined within the bDIoCK, each secondary channel
peing structured {0 transmit g flow of the secondary heat transter medium through the heat
exchanger from an et {o an outiet of the heatl exchanger, each secondary channed

COMPNsSnNG:

a first porlion exiending from the iniel {c agjacent at isast one of the primary

channels;

a secong portion exiending along, being situated in heat exchangs

Droximity 10, and separated from, at the at least one of the primary channels,; and

a third portion extending from the second portion 10 the gutlet,

wihiereiny each of the first porion and the second portion is disposed at a8 non-zers

angie with respect to the second portion, and

witerein the DIock comprises one or poth ot

a piurality of piates bonded together, with eacn plate defining at ieast a portion of
ane or more of the plurality of prnimary channels and/or the plurality of secondary channeis,

ang/or

a unitary piece of material formed rom an additive manufactunng process.

2. The integrated biock styie neat exchanger of claim 1, wherein the second portion of

ACH secondary channel comprises a plurality of separate sub channeis, each spaced
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around the atl teast one of the primary channels and exienging dbetween the first poriion and

the third portion of the secondary channel.

3. ihe integrated block siyie heat exchanger of claim 1, wherein the biock comprises the

piuralily of plates bonded together.

4.  The integrated diock styie neat exchanger of olaim 3, wherein the plurality of piates are

arranged in a stack prior {0, or as they are bonded together.

5. The integraled piock siyie heat exchanger of claim 3, wherein the pluralily of piates are

ponded {ogether via one or more of: diffusion bonding, brazing or hot isostatic pressing.

G.  The integrated block styie heat exchanger of claim 3, wherein the portion of the one or
mare of the piurality of primary channeis and/or the pluraiity of secondgary channeis is formed
ViA One or more of: machining, laser cutting, chemical efching, elecirical gischarge

machining, electro-chemical maachinmg, and/or stamping.

-

/. The integrated bilock styie heat exchanger of claim 1, wherein the dlock comprises {he

unitary piece of matenal formed from the additive manufactunng process.

o. 1he integrated biock stvie heat exchanger of claim 1, wherein at {east one of the inlet
and/or the outlet comprises a circumferential header cavity structured o fransmii the flow of
the secondary neat transfer medium 1o or from each secondgary channei of the pluralily of

secondgary channels.

.  The integrated diock styie heat exchanger of claim o, wherein the circumierentiat

neader cavity exdends along only a portion of a circumference of the heat exchanger.

10, The inlegraled block siyie neat exchanger of claim 8, wherein the circumferential

neader cavity extends along an entive gircumierence of the heat exchanger.

11.  The integraied biock siyie neat exchanger of claim 1, wherein at least one of the inlet

and the outiet comprises an integral nheader.

12. The integrated bilock styie neat exchanger of claim 11, wherein the integral headeris a

Hanged header.

13, The integrated block styie heat exchanger of claim 3, wherein the plurality of secondary

channeis exit the block via muitipie plates.

10
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14.  The integrated plock style neat exchanger of claim 3 wheremn the pluralily of secondary

channeis exit the block via a single piate.

15, A nuclear reactor comprising:

a oore:

a plock siyle heat exchanger comprising:

a piurality of primary channels each structured {0 receive heat transterred from
the ¢ore via a corresponding one of the pluraity of heat pipes, the piurality of primary
channels defined within a block of one or more materiails, each primary channel extending in
a first girection aiong a longitudinal axis of the heat exchanger from a first eng of the heat

exchangerio a second end of the heat exchanger, and

a piurality of secondary channeis defined within the block, each secondary
channet being structured o transmit g flow of the secondary neat transfer medium through
the heat exchanger from an inlet o an outlet of the heat exchanger, each secondary channel

COMPsing:

a tirsi portion exdending from the iniet to adjacent at ieast one of the primary

channelis:

a second portion extenging aiong, being situaled in heat exchange

proxamity 10, and separaied from, at the at least one of the primary

channels: and

a third portion exdending from the second portion 1o the outlet, wherein each
of the firsi portion and the second portion s disposed at a non-zero angie with respect io the

second portion, anda

wherein the biock comprises one or both of:

a piurality of plates bonged ogether, with each plate defining at least a
portion of one or more of the pluraiity of primary channels and/or the pluraiity of secondary

channels, ang/or

a uniary piece of material formed from an addiiive manufactunng process,

ang

11
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a pluraity of heat pipes, each heat pipe exdending from the core 10 a corresponding

primary channet of the heat exchanger,

wherein each heat pipe 15 struciured to transfer heat from the core 0 the

corresponding primary channei of the heat exchanger.

12
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AMENDED CLAIMS

received by the International Bureau on 09 June 2021 (09.06.2021)

AMENDMENTS UNDER PCT ARTICLE 19

in the Claims

1. {currently amended): An mtegrated block stvle heat exchanger (10} for use
with a heat pipe reactor (2} having a plurality of heat pipes (6} extending from a reactor
core (4}, the heat exchanger comprising;

a plurality of primary chanunels {12} each structured to reccive heat transicrred from
the core {4} via a corresponding one of the plurality of heat pipes (6}, the plurality of
prinary chammels {(12) detimed within a block of one or more maternials, each primary
{10} from a first end of the heat exchanger to a second end of the heat exchanger; and

a plurality of secondarv channels (14} defined within the block, cach secondary
channel (14} bemg structured to transnut a tlow of the secondary heat transfer medium
through the heat exchanger from an inlet {16} to an outlet (18} of the heat exchanger {10),
cach secondary channel (14} comprising:

a first portion (20} extending from the milet (16} to adjacent at least one of

the primary channels {12}

a second portion (22} extending along, bemng situated m heat exchanger {10}

proximity to, and separated from, at the at least one of the prnimary channels (12};

and

----------

wheremn each of the first portion {20} and the seeenéa thiurd portion {24} 18

disposed at a non-zero angle with respect to the second portion {22}, and
wherein the block comprises one or both of:
a plurality of plates (26) bonded together, with each plate defining at least

a portion of one or more of the plurality of primary channels (12} and/or the

plurality of secondary channels (14}, and/or

a unitarv piece of matenal formed from an additive manufacturing process.

2. {currently amended): The mtegrated block style heat exchanger (10} of

plurality of separate sub channels, each spacedaroundthe at least one ofthe primary channels (2)and

extendingbetweenthe first portion (20) and the third portion (24) of the secondary channel (14).
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3. {currently amended): Thenlegrated block style heatexchanger (0ol claim 1, wherein

the block compnses the plurality of plates {(26) bonded together.

4. {currently amended): Thentegrated block style beat exchanger (10jof claim 3, wherein

the plurality of plates are arranged 1n a stack prior {0, or as they arc bonded together.

5. {currently amendecd): The mtcgrated block style heat exchanger (JOyof clamm 3, wherein
the plurality of plates (26)are bonded together viaone or more of . dilfusionbonding, brazing or hot isostatic

pressing.

6. {currently amended): Thentegrated block style beat exchanger (10jof claim 3, wherein
the portion of the one or moic of the phurality of primary channels (12) and/or the plurality of secondary
channels (14) 1s formed via one or more of . machining. laser cutting, chemical etching, electrical

discharge machining, clectro-chemicai machining, and/or stamping.

7. {currently amended}: The mitcgrated block style heat exchanger (10} of clamm 1,

wherein the block comprisestheunitary picce of matenal formed from the addifive manufachuring process.

8. {currently amended}: The mtegrated block styvle heat exchanger (10) of clamm 1,
wherein at icast one of the mlet (16} and/or the outlet (18) comprises a circumderential header cavily
structured to transmit the How of the sccondary heat transter medium {0 or from each secondary channel of

the plurality of secondary channels (14).

9. {(currently amended}: The mtegrated block stvie heat exchanger (10) of clamm 8,

wherem the circumferential header cavity extends along only a portion of a circumierence of the heat

exchanger (10}
10. {currently amended): The integrated block style heat exchanger (10} of

claim &, wheremn the circumfterential header cavity extends along an entire circumference

of the heat exchanger (10}

L {currently amended).  The integrated block stvie heat exchanger (10) of claim

1. wherein at least one of the mlet (16} and the outlet (18) compnses an mtegral header.

14
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12, {currently amended):  The mntegrated block style heat exchanger {(10) of claim

11, wherein the mtegral header is a flanged header

13. {currently amended).  The mtegrated block stvle heat exchanger {10} of
clazm 3, wherein the phurality of secondary channels (14} exat the block via multiple plates

{26}

14, (currently amended):  The mtegrated block styvle heatexchanger (10) of claim

3 wherem the plurality of secondary channels {14} exit the block via a single plate {26}

15, {currently amended): A nuclear reactor {2} compnsing:
a core {4);

a block style heat exchanger {10} comprising:

a plurality of prumary channecis {12} cach structurced to receive heat
transferved from the core (4} via a corresponding one of the plurality of heat pipes
{6}, the plurality of primary channels (12} defined within a block of one or more
materials, cach primary channel {12} extending in a first durection along a
tongitudinal axis (A} of the heat exchanger {10} from a first end of the heat

exchanger to a second end of the heat exchanger (10} and

a pluraltty of secondary channels (14} defined withun the block, each
sccondary channel {14} being structured to transmit a flow of the secondary heat
transfer medium through the heat exchanger (10} from an mnlet {16} to an outlet {18}
of the heat exchanger {10}, each secondary channel (14} compnsing:

a first portion {20} extending from the inlet {16} to adjacent at least

ong of the primary channels (12}

a second portion 22} extending along, bemg situated m heat exchange

proximity to, and separated from, at the at least one ofthe primary channels (12}

and
a third portion {(24) extending from the second portion (22} to the outlet
(183,

disposed at anon-zero angle with respect to the second portion {22}, and

wherein the block comprises onc or both of:

15
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a plurality of plates {(26) bonded together, with each plate (26}

defining at least a portion of one or more of the plurality of pnmary

xxxxxxxxxxx

aunitary piece of matenal formed from an additive manufactunng
process; and
a plurality of heat pipes (0), cach heat pipe (6} extending from the core (4) to a
corresponding primary channel {12} ofthe heat exchanger (10},
wherein each heat pipe (63 15 structured to transfer heat from the core (@) to the

corresponding primary channel (12} ofthe heat exchanger (10},

16
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