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IMPROVED FLUID PASSAGES FOR POWER GENERATION EQUIPMENT
ABSTRACT OF DISCLOSURE

A solid oxide fuel cell (100) is provided wherein the solid oxide fuel cell (100)
(comprises a thermal management section {101} and an eiectrolyfic section (102)
disposed adjacent the thermal management section {101} wherein a plurality of
concavities {(140) are disposed or at lecast one of the thermal management and
electrolytic sections so as to cause hydrodynamic interactions and affect the heat
transfer rate between a fluid and the concavities (140) when the fluid s disposed over

the concavities (140).
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IMPROVED FLUID PASSAGES FOR POWER GENERATION EQUIPMENT

BACKGROUND OF INVENTION

The present invention relates generaily io power generation equipment, and more

particularly to improved {luid passages for schd oxade fuel celis.

A high temverature, solid oxide fuel cell (hereinafter “sofc™) stack is typically
constructed of an array of axially-elongated tubular-shaped connected soics and
associated fuel and air distribution equipment. In addifion, typical alternative
constructions to the tubular soic are planar cross flow fuel cells, counterflow fuel cells
and parallel flow iuel cells which are constructed from tlat single cell members. Such
members typically comprise trilayer anode/electrolyte/cathode components which
conduct current from cell to cell and provide channels for gas flow mto a cubic

structure or stack.

Sofcs generate electrical energy through electrochemical reactions between an oxidant
and hydrocarbon fuel gas to produce a flow of electrons in an external circuit. In
addition, sofcs generate waste heat that 1s typically removed via an oxidant in order to
mainiain a desired temperature level of sofc components such as the anode, cathode

and electrolyte.

While sofcs have demonstrated the potenfial for nigh eiliciency and low pollution 1n
power generation, some provlems remain associated with temperature regulation of
the components 1n sofcs. Sofcs typically comprise cooling channels {(in alternating
flat single cell sections) or riser tubes (in tubular soics) 1in which the oxidani, typically
air, 1S used to aid in the transfer or removal of the wasie neat so as to maintain the
stack temperature at or below prescribed limits and mainiain a predetermined thermal
gradient 1n the sofc. Such channeis or riser tubes; however, typically comprise
smooth surfaces having the undesired characteristic of providing low thermal iransfer

coefficients between the channel or tube surface and the oxadant.

Accordingly, there 1s a need m the art {or a sofc having improved fluid passages that

provide improved heat transier characteristics.
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SUMMARY OF INVENTION

One embodiment of the present invention comprises a solid oxide fuel cell comprising
a thermal management section and an electrolytic section disposed adjacent the
thermal management section wherein a plurality of concavities are disposed on at
least one of the thermal management and electrolytic sections so as {oc cause
hydrodynamic interactions and affect the heat transfer rate between a fluid and the

concavities when the fluid 1s disposed over the concavities.
BRIEF DESCRIPTION CF DRAWINGS

These and other features, aspects, and advantages of the present mvention will
become better understood when the following detailed description i1s read with
relerence to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

FIGURE 1 15 a cross sectional view of a tubular sohd oxide fuel cell in accordance

with one embodiment of the present invention;
FIGURE 2 1s a top perspective view of Figure 1 taken along lines 1-1;

FIGURE 3 1s a perspective view of a planar cross flow solid oxide fuel cell 1n

accordance with another embodiment of the present invention;

FIGURE 4 1s a perspective view of the planar cross flow solid oxide fuel cell of

FIGUKE 3 11 accordance with another embodiment of the present invention;

FIGURE 5 1s a perspective view of the pianar cross flow solid oxide fuel cell of

FIGUR]

L

3 1n accordance with another embodiment of the present invention; and

FIGURE 6 15 a perspective view of the planar cross flow solid oxide fuel cell of

FIGURE 3 1n accordance with ancother embodiment of the present invention.
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DETAILED DESCRIPTION

Typical solid oxide fuel ceils are dispesed 1 a power generation apparatus and
comprise tubular sclid oxade fuel cells {(heremafter SOFCs) (see Figures 1-2} or planar
cross flow solid oxide fuel cell stacks (see Figures 3-6). In addition, SOFCs typically
comprise a thermal management section 101 and an electrolytic section 102 (see
Figure 1). As discussed beiow, the therrnal management section 101 typically

comprises a riser tube 110 disposed within the electrolytic section 102 for tubular

SOFCs. In addition, the thermal management section 101 typically comprises an
(meaﬁimg at least one) oxidant section 150 and a (meaning at least one) fuel section
160 wherein the electrolyiic section 102 1s typically disposed between both sections
for planar cross flow SOFCs {see Figures 3-6). The elecirolytic section 102 typically
comprises an anode 190, cathode 200 and an electrolyte 210.  As used herein, the
terms “thereon’”, “therein”, “over”, “above”, “under” and the like are used to refer to
relative location of elements of the SOFC 100 as illustrated in the Figures and are not
meant tc be a limitation m any manner with respect to the orientation or operation of
the SOFC 100. For purposes of simplicity, both tubular solid oxide fuel cells (see
Figures 1-2) and planar cross flow schid oxide ftuel cells (see Figures 3-6) will

hereinafier be generically described as SCEFCs 100.

In operation, a gaseous fuel (as indicated by the solid arrow termed “FUEL” m
drawing Figures 1-2), such as natural gas or hydrogen, 1s directed axially over an
external wall surface 135 of the SOFC 100. In addition, an oxadant {as indicated by
the dashed arrows termed “OXIDANT” m drawing Figures 1-2), such as air or
oxygen, 1s ied through the riser tube 110 (see Figure 1). The niser tube 110 comprises
a riser tube internal surface 120 and a niser tube external suriace 130 and 1s positioned
within the annulus of the SOFC 100. Such cxadant 1s mitially mtroduced nto the riser
tube mternal suriace 120 wheremn the oxadant subsequently fiows back up the SCFC

100 between the riser tube external surface 130 and an mndernal 'wall surface 135,

The planar cross flow SCFC 100 comprises the oxidant section 150 having an
(meaning at least one) oxidant channe!l 170 disposed therein and the fuel section 160
having a (meaning at least one) fuel channel 180 disposed therein (see Figure 3). This

embodiment of the SOFC 100 1s typically consiructed from flat single cell sections

{3
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that typically comprise the oxidant section 150 and the fuel section 160 wherein the
channels of such sections aliow the flow of an oxidant {(as indicated by the dashed
arrows termed “OXIDANT” in drawing Figures 3-6) and a gascous fuel (as indicated
by the solid arrow termed “FUEL” in drawing Figures 3-6) info a cubic structure or
stack. It will be appreciated that the position and orientation of the oxidant section
150 and the fuel section 160 can vary and the position and oriertation of such sections

in Figures 3-6 are used by way of iliustraiion and not hmuitation.

In operation, the fuel is directed over the external wall surface 135 of the tubuiar
SOFC 100 (see Figures 1-2) or through the fuel channel 180 of the planar cross tlow
SOFC 100 (see Figures 3-6). The oxidant, typically preheated air or oxygen, 1s
directed through the riser tube 110 in the tubular SOFC 100 (see Figures 1-2) or
directed through the oxidant channel 170 of the planar cross flow SOFC 100 (see
Figures 3-6). In both types of SCFCs 100, the oxidant {oxygen molecuies) passes
through the cathode 200 and forms oxygen ions at a cathode electrolyte interface 191.
Subsequently, the oxygen ions migrate through the electrolyte 210 to combine with
ihe fuel at an anode electrolyte interface 192 thereby releasing electrons at the anode
190. The electrons are then collected at the cathode 200 through an external load
circuit (not shown) thereby generating a flow of electrical current in the external load
circuit from the anode 190 to the cathode 200. As a result of the interactions at the
anode electrolyte interface 192, the SOFC 100 generates heat that must be removed 1n
order tc maintain a desired temperature level and a predetermined thermal gradient in
the SOFC 100. Such removal of heat is typically accomplished through the
introduction of the oxidant into the riser tube 110 (see Figures 1-2) or in the oxidant
channel 170 (see Figure 3) so that the oxidant fluid flow removes heat energy from

the SOFC 100.

In one embodiment of the present invention, Figure 1 shows a plurality of concavities
140 disposed on the riser tube internal surface 120, riser tube external surface 130,
internal wall surface 135 and external wall surface 136 of the SOFC 100. As used
herein, the term “concavity” refers to depressions, indentations, dimples, pits or the
like. The shape of the concavities 140 is typically hemispherical or nverted and

truncated conically shaped. In ancther embodiment, the shape of the concavities 140



CA 02424990 2003-04-10

RID120373

is typically any sector of a full hemisphere. In some embodiments, the concavities

140 are disposed on an enfirety or a portion of the abovementioned surfaces.

The concavities 140 are formed on the abovementioned surfaces in a paitern that
serves to enhance the heat transfer from the SOFC 100 components, such as the anode
190, cathode 200 and electirolyte 210, to a iluid, such as the oxidant or the gaseous
fuel. By way of example and not limitation, it will be appreciated that the concavities
140 are disposed on the SOFC external surface 136 (see Figure 1) or disposed within
the fuel channel 180 (see Figures 3-6) so as to enhance the rernoval of heat from the
SOFC 100 components to the gaseous fuel. In operation, the fluid is mtroduced 1nito
the SOFC 100 so as to be disposed over the concavities 140. As a result, the
hydrodynamic interactions between the fluid and the concavities 140 cause the heat
transfer rate in the SOFC 100 to increase compared to conventional SOFCs. As used
herein, the term “hydrodynamic interactions” refers to the inieractions between the
concavities 140 and the fluid 1in which each concavity creates a pressure field within
the concavity so as to create a vortex pattern in a portion of the flow of the fluid (not

shown).

in operation, as the portion oi the fiow of the fluid interacts with the mainstream flow
of the fluid, the portion of the flow of the fluid 1s directed to the surface of the channel
so as to interact thermally with the surface thereby resuliing 1 enhanced heat transfer
from the SOFC 100 components o the fluid. In addition, the thermal interaction
between the fluid and each respective concavity is increased due to an increase, with
respect to a surface without concavities, in the surface area caused by the shape of
cach respective cavity. As such, the fluid mteracts with such increased surface area
thereby enhancing the removal of heat energy from the SOFC 100. The depth “Y”
(see Figure 1) for a given one of the concavities 140 typically remains constant
through the length “L” of the tubular SOFC 100 (see Figure 2) or through the length
“L” of the planar cross flow SOFC 100 (sec Figures 3-6j. The depth “Y” {see Figure
1} 1s generally in the range between aboul 0.10 to about 0.50 times the concavity
surface diameter “d”. In addition, the depth (YY) of the concavities 140 1s in the range
between about 0.002 inches to about 0.125 inches. The center-to-center spacing “X”
{(see Figure 1) of the concavities 140 1s generally in the range between about 1.1 to

about 2 times the surface diameter “d” of the concavities 140. In one embodiment,
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the concavities 140 are typically formed by using a pulse electrochemical machining
(PECM) process. In an alternative embodiment, the concavities 140 are typically

formed by using an electro-discharge machining (EDM) process.

In another embodiment, the concavities 140 are disposed within the oxidant channel
170 and the fuel channel 180 (see Iigure 3). In an alternative embodiment, the
concavities 140 are disposed in either the oxidant channel 170 or the fuel channel 180.
In yet another embodiment, the SOFC 100 comprises the oxidant section 150 and the
fuel section 160 having a first flow member 220 and a second flow member 230
disposed therein, respectively (see Figure 4). In this embodiment, the first flow
member 220 and the second flow member 230 comprise a first wedge and a second
wedge, respectively. As used herein, the term “wedge” refers to the shape of the first
flow member 220 and the second fiow member 230 wherem the shape of such

members tapers to an edge. The first and second wedges typically comprise a

plurality of support members 240 that serve to align and support the wedges n the
oxidant section 150 and the fuel section 160. In an alternative embodiment, Figure 6
shows the oxidant channel 170 and the fuel channel 180 formed into tapered channels.
As used herein, the term “tapered channels” refers to the shape of the channels 1n
which such channels taper to an edge from the oxidant flow 1let 250 to the oxidant

flow outlet (not shown) and a fuel flow inlet 260 {c a fuel flow outlet 270.

The wedges (see Figure 4) and the tapered channels (see Figure 6) enhance the flow
rate of oxidant or fuel in the oxidant section 150 or the fuel section 160, respectively,
thereby increasing the heat transier in the SOFC 100, In one exemplary embodiment,
the wedge (see Figure 4) shape creales a converging flow area from the oxidant flow
inlet 250 to the oxidant flow outlet (not shown) of oxidant section 150 thereby
affecting the heat transfer rate between the SOFC 100 components and the oxidant. It
will be appreciated that the tapered channels of Figure 6 exhibit the same
characteristics as the W@dges described above. Using the wedges (see Figure 4) or the
tapered channels {see Figure 6) toc create converging flow results 1 a substantially
uniform rate of heat transier througnout the flow path of the oxidant or gaseous fuel
by effectively offsetting the decreasing thermal potential for convective heat transfer
caused by the temperature increase of the oxidant or gaseous fuel thereby affecting

the thermal gracient in the oxidant section 150 or the fuel section 160, respectively.

6
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The heat transfer rate 1s further increased by having the concavities 140 disposed on
the wedges {(see Figure 4) or the tapered channels (see Figure 6) wherein such
increase 1s due to the hydrodynamic interactions caused by the oxidant or the gaseous
fuel when disposed over the concavities 140. In some embodiments, the concavities
140 are disposed on an entirety or a portion of the abovementioned tapered channels

ot Wédg@s (see Figure 4).

In another embodiment, the first flow member 220 and the second filow member 230
comprise a first corrugated member and a second corrugated member, respectively
(see Figure 5). As used herein, the term “‘ccrrugated” refers to the maternial shape of
the first flow member 220 and the second flow member 230 such that the matenal 1s
shaped to form a ridged or furrowed surface. As mentioned above, the concavities
140 are disposed on the corrugated members so as to cause hydrodynamic interactions
between the fluid {oxidant or gaseous fuel) and the concavities 140 thereby mcreasing
the heat transfer rate betweern: the components of the SOFC 100 and the fluxd. In one
embodiment, the corrugaied members are formed from sneet metal, for example,
stainless steel sheet metal. [{ will be appreciated that the sheet metal typically varies
in thickness depending upon the desired depth configuration of the concavities 140

and the peaks and valleys of the corrugated member serve the function of contacting

the anode 190 and the cathode 200 for current flow.

[t will be apparent to those skilled in the art that, while the invention has been
liustrated and described herein in accordance with the patent statutes, modification
and changes may be made 1n the disciosed embodiments without departing from the
true spirit and scope of the mvention. It is, therefore, to be understood that the
appended claims are intended to cover all such modifications and changes as 1fall

within the true spirit of the invention.
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CLAIMS:

1. A solid oxide fuel cell {100} comprising:
a thermal management section (101); ana

an electrolytic section (102) disposed adjacent said thermal management

section (101),

wherein a plurality of concavities (140) are disposed on at least one of said
thermal management and electrolylic sections so as (o0 cause hydrodynamic
interactions and affect the heat transfer rate between a {luid and said concavifies (140)

when said fluid is disposed over said concavities (140).

2. The solid oxide fuel cell {100) of claim 1, wheremn said thermal management

section (101} comprises a riser tube {110).

3. The solid oxide fuel cell (100) of claun I, wherein said thermal management

section (101) comprises an oxidant section {150) and a fuel section (160).

4. The sohid oxide fuel cell {100} of claim 1, wherein said electrolytic section

(102) comprises a cathode (200), anode (190) and electrolyte (210).

3. A solid oxide fuei cell (100) for use n a power generation apparatus

comprising:

a riser tube (110} disposed in said solid oxide fuel cell (100), said solid oxide
fuel cell (100) disposed within said power generation apparatus wherein said power
generation apparatus is disposed tc receive a fluid therein, wherein a plurality of
concavities (140) are disposed on a suriace portion of said riser tube and disposed on
a surface portion of said solid oxade fuel cell (100) so as to cause hydrecdynamic
interactions and affect the heat transfer rate between said fluid and said concavities

(140) when said fiuid 1s disposed over said concavities { 140).

£

6. The solid oxide fuel cell (100) of claim 5, wherein said riser tube (i10)
comprises a riser tube mternal surface (120) and a niser tube extemal surface (130)
and wherein said concavities are disposed on riser tube internal surface (120) and

disposed on said riser tube external surface (130).
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7. The solid oxide iuel cell {(100) of claim 5, wherein said concavities (140) are

disposed on an internal surface (135) ot said solid oxide fuel cell (100).

8. The solid oxide f{uel cell (160) of ciaim 5, wherein the shape of said

concavities {140) 1s any sector of a full hemisphere.

9. A solid oxide fuel cell (100} for use in a power generation apparatus

comprising:

an oxidant section {150) having an oxidant channel (170) disposed therein and
a fuel section (160) having a fuel channel {(180) disposed therein wherein said oxidant
channel (170) and said iuel channel (180) arc disposed to receive a fluid t}herein, said
solid oxide fuel cell (100) disposed within said power generation apparatus, wherein a
plurality of concavities (140) are disposed on a surface vortion of said oxidant
channel (170) and disposed on a surface portion of said fuel! channel (180) so as to
cause hydrodynamic interactions and affect the heat transier rate between said {luid

and said concavities {140) when said fluid 1s disposed over said concavities (140).

10. A solhid oxide fuel ceil (100) for use n a power generation apparatus

comprising:

an oxidant section {150) and a fuel section (160) wherein said oxidant section (130
and said fuel section (160) are disposed to receive a fluid therein, said solid oxide fuel

cell (100) disposed within said power generation apparatus; and

o first flow member (220) disposed within said oxidani section (150) and a second
flow member (230) disposed within said fuel section (160} wherein a plurality of
concavities {140) are disposed on a portion of said first flow member (220} and a
portion of said second flow member (230) so as {0 cause hydrodynamic nteractions
and affect the heat transier rate between said fluid and said concavities (140) when

said fluid 1s disposed over said concavities (140).



CA 02424990 2003-04-10




CA 02424990 2003-04-10




CA 02424990 2003-04-10




tmhw

.~ 230

!

CA 02424990 2003-04-10

----
SRR
iwh
v

.
NoA

Y

- L
Oxidant=—="" 440



CA 02424990 2003-04-10




CA 02424990 2003-04-10







	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - drawings
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - abstract drawing

