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Abstract—The thermochemical copper-chlorine (Cu-Cl) cycle is
considered as a sustainable and efficient technology for a hydrogen
production, when linked with clean-energy systems such as nuclear
reactors or solar thermal plants. In the Cu-Cl cycle, water is
decomposed thermally into hydrogen and oxygen through a series of
intermediate reactions. This paper investigates the thermal scale up
analysis of the three phase oxygen production reactor in the Cu-Cl
cycle, where the reaction is endothermic and the temperature is about
530 °C. The paper focuses on examining the size and number of
oxygen reactors required to provide enough heat input for different
rates of hydrogen production. The type of the multiphase reactor used
in this paper is the continuous stirred tank reactor (CSTR) that is heated
by a half pipe jacket. The thermal resistance of each section in the
jacketed reactor system is studied to examine its effect on the heat
balance of the reactor. It is found that the dominant contribution to the
system thermal resistance is from the reactor wall. In the analysis, the
Cu-Cl cycle is assumed to be driven by a nuclear reactor where two
types of nuclear reactors are examined as the heat source to the oxygen
reactor. These types are the CANDU Super Critical Water Reactor
(CANDU-SCWR) and High Temperature Gas Reactor (HTGR). It is
concluded that a better heat transfer rate has to be provided for
CANDU-SCWR by 3-4 times than HTGR. The effect of the reactor
aspect ratio is also examined in this paper and is found that increasing
the aspect ratio decreases the number of reactors and the rate of
decrease in the number of reactors decreases by increasing the aspect
ratio. Finally, a comparison between the results of heat balance and
existing results of mass balance is performed and is found that the size
of the oxygen reactor is dominated by the heat balance rather than the
material balance.

Keywords—Clean energy, Cu-Cl cycle, heat transfer, sustainable
energy.

[. INTRODUCTION

HERE is a common belief that in the future, hydrogen will

be an effective factor to the supply of sustainable energy,
because hydrogen usage would decrease the atmospheric
pollution by decreasing the emissions of greenhouse gas [1].
Greenhouse gases can be generated in large quantities from
conventional gasoline and diesel vehicles, and in much less
quantities from the production of hydrogen gas from various
fuel gases.

The alternative methods that can be used for hydrogen
production are the thermochemical cycles that are connected to
nuclear reactors, where nuclear energy can be used as a clean
energy source for large scale production of hydrogen. Cu-Cl
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cycle was identified by Argonne National Laboratories (ANL)
as one of the promising lower temperature cycles [2], [3]. In this
three chemical reactions cycle, there are two thermal and one
electrochemical reactions. The three reaction steps of the Cu-Cl
cycle are [4];

Step 1: cuCl(a) + 2HCI(g) - CuCly(a) + H2(g)

Step 2: 2CuCl,(s) + H,0(g) < Cu,0Cl,(s) + 2HCl(g)

Step 3: Cu,0cCl; (s) = 2CuCl (1) + % 0, (g)

where a, s, | and g denote to aqueous, solid, liquid and gas
respectively.

In the oxygen production step of the Cu-Cl cycle (step 3), a
solid copper oxychloride (Cu,OCl,) is decomposed thermally
into oxygen gas (O,) and molten cuprous chloride (CuCl). The
solid Cu,OCl, is fed to the oxygen production reactor from the
CuCl, hydrolysis reaction (step 2) that operates at a temperature
range of 350450 °C. The materials leaving the oxygen reactor
are oxygen gas (which is evolved over a temperature range of
450 to 530 °C) and molten CuCl [4]. In the oxygen reactor, the
decomposition of Cu,OCl, to oxygen and molten CuCl is an
endothermic reaction requiring a reaction heat of 129.2 kJ/mol
and a temperature of 530 °C, which is the highest temperature
in the Cu-Cl cycle [5]. Thus, heat must be added to increase the
temperature of the bulk inside the reactor. The total amount of
heat required is the sum of reaction heat and the heat required
to raise the reactant temperature from 375 °C (temperature of
solid particles from the hydrolysis reaction) to 530 °C, which is
the temperature of the decomposition process.

CSTR which is usually used for multiphase reactions like the
oxygen reactor, is a mechanically agitated reactor. In CSTR,
there is continuous feeding and withdrawing into the reactor for
the streams of reactants and products respectively. Generally, a
continuous flow stirred tank reactor (CFSTR) assumes that the
fluid is perfectly well mixed. Therefore, the system properties,
such as concentration, density and temperature, are uniform
throughout the reactor. Like any chemical reactor, the oxygen
reactor requires accurate control of heat transfer to obtain
optimum productivity. In CSTR, heating is achieved by a
number of different mechanisms. The most common one
involves the use of a jacket surrounding the vessel.

In the literature, different studies have been performed for
the oxygen reactor in the Cu-Cl cycle of hydrogen production.
Ikeda and Kaye [6] have investigated the thermochemical
properties of Cu,OCl, by developing a method that uses a
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stoichiometric amount of CuO and CuCl, instead of Cu,OCl,
because of its commercial unavailability. Trevani et al. [7] have
also examined the thermochemical properties of Cu,OCl, by
using an easy scalable method to produce pure samples of
copper oxychloride with larger amounts.

Serban et al. [3] have studied in details the kinetics of the
hydrogen and oxygen generation reactions in the Cu-Cl cycle.
They have reported that, depending on the basis of
thermodynamics and conversions of the different reactants, the
completion of the oxygen generation reactions can be
performed at a temperature of 530°C. Zamfirescu et al. [8] have
investigated the thermophysical properties of copper
compounds in the Cu-Cl cycle such as; Cu,OCl,, CuO, CuCl,
and CuCl. Since there is no previous available data related to
the thermal conductivity and dynamic viscosity of molten CuCl,
they have used estimations to evaluate these properties.

Marin [4] has studied experimentally and theoretically the
scale-up of the CuO*CuCl, decomposition reactor. He has
determined the endothermic reaction rate of the decomposition
process, and solved numerically, the conservation and chemical
reaction equations for a suddenly immersed particle in a viscous
medium. Abdulrahman et al. [1] have studied the scale up of the
oxygen reactor in the Cu-Cl cycle from the perspective of
material balance for different hydrogen production rates and
different residence times. They have investigated in details the
factors that influence the size of the oxygen reactor, such as;
solid particles characteristics (size, shape and concentration),
oxygen bubbles, reactor heating rate and fouling.

From the review, it can be concluded that there is a research
blank in the thermal analysis of the oxygen reactor. The design
and scale-up of the oxygen reactor require, among others,
precise knowledge of the kinetics, material balances as well as
heat balances. This paper investigates the scale-up of the
oxygen reactor in the Cu-Cl cycle that is heated by using a half
pipe jacket. Half pipe coils can be used for high temperature
applications and have many advantages, such as; the high rate
of heat transfer due to high turbulence and velocity, the strength
of the structure that can reduce the thickness of the inner reactor
wall, and the ability to withstand higher pressure. In this paper,
the heat balance is investigated for different hydrogen
production rates to specify the required size of the oxygen
reactor. The thermal resistance of each section of the jacketed
oxygen reactor system is investigated to examine the effect of
each section on heat balance and identify which one has the
dominant contribution on heat transfer. Also, two types of
working fluids in the service side of the reactor are examined
which are the high pressure helium gas and the molten salt
(CuCl). Furthermore, two types of nuclear reactors are
investigated as heat sources for the oxygen reactor, which are
CANDU SCWR and HTGR. Moreover, the effects of reactor
diameter and aspect ratio on the size of the oxygen reactor are
studied from the perspectives of heat balance.

II. MODELING OF HEAT BALANCE IN THE OXYGEN REACTOR

In the oxygen reactor, the total amount of the required heat,
0, is the sum of the reaction heat and the heat required to raise

the reactant temperature from 375°C to 530°C. This amount of
heat can be calculated as;

0 = AH, &+ [ Cp dT, (1)

where AH, is the reaction heat in (J/kg.K), ¢ is the extent of
reaction in (mol/s), 1, is the mole flow rate of copper
oxychloride solid particles in (mol/s) and Cpj is the specific heat
of copper oxychloride solid particles in (J/mol.K) [8]. In the
oxygen reactor, the heat flow can be expressed as;

THin_THout (2)

THy=Te )’
ln<THout_TC>
where U is the overall heat transfer coefficient, A is the heat
transfer area, Ty,, and Ty, are the inlet and outlet service side

0=UA

temperatures respectively, and T, is the inside reactor
temperature which is assumed constant and equal to 530°C. In
the oxygen reactor, the total thermal resistance (R;) is the sum
of the thermal resistances in each section of the reactor as
indicated in Fig. 1, and the overall heat transfer coefficient can
be determined from;

—= =Ry =Rp + Rpp + Ry + Rs + Rps, 3)
where Rp, Rgp, Ry, Rg, and Ry are the thermal resistances of
the process, fouling process, wall, service and fouling service
sections respectively. In (3), the thermal resistance (R) of each
section can be defined as;

ln(DR+2t)
Rp=—2* R =—tr p —_\PM
P hprnbDrHg > FP T mDrHR W T 2mkwHg
1 _ fs
Rg Rps =

" hgm (Dg+2t) Hg’ 7 (Dr+2t) Hy

where h is the heat transfer coefficient, f is the fouling factor,
D is the diameter, k is the thermal conductivity, and Hp is the
reactor height. The subscripts P, S, and W denote to the process,
service, and wall sections respectively.

Reactor wall
I ; I
| N |
| N : N |
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Boundary layer i \ Boundary laver
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Fig. 1 Thermal resistances through the reactor wall sections
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Fig. 2 Schematic diagram of a half pipe jacket

According to the ASME Code, the wall thickness (t) (in
inches) for cylindrical shell under internal pressure is [9];

¢ = _PRo
~ SE-0.6P

+t,,t <0.25Dg, P < 0.385 SE, 4)

where t is the corrosion allowance in inches, R, is the outside
radius of the cylindrical shell in inches and S is the maximum
allowable working stress in psi. The value of the joint
efficiency, E, is between 0.6 and 1. The pressure, P in (4) is the
design pressure of the oxygen reactor which is taken here as 1.7
bar greater than the normal total pressure, where it is usual to
increase the operating pressure by 10% or 0.69-1.7 bar,
whichever is greater. The normal total pressure is the sum of the
operating pressure (P,) and the static pressure (Ps;). Thus the
design pressure is;

P = P + P, + 1.7 (bar), %)

where p is the density of the slurry.

In the service side of the oxygen reactor, the central angle of
the half-pipe coil jackets used in this paper is 180° (see Fig. 2).
The heat transfer coefficient in the service side (hg) is
calculated from [10];

For Re < 2100;

014 ,, 033
Nu = 1.86 Re®33 py033 (;‘—3) (DL—]J) . (6)

For Re > 10000;

0.14
Nu = 0027 Re®® Pr®% (&) (1435 24), (7
w <
where;
D,j(equivalent heat transfer diameter) = © %, ®)

Djo-Dj;
D,;(jacket centerline diameter) = Dj; + <L,

)

L; (half pipe coil length) = n /(1‘1’DR)2 +p% (10)

In (6)-(10), Re is the Reynolds number, Pr is the Prandtle
number, u;, and p,, are the dynamic viscosities at the bulk and
wall temperatures respectively, D;; and Dj, are the inside and
outside jacket diameter respectively, d; is the half pipe inner
diameter, and p; is the pitch of the half pipe coil.

The process side of the oxygen reactor contains different
phases of solid particles (Cu,OCl,), molten salt (CuCl) and
oxygen gas (O>). In this study, it is assumed that the oxygen gas
will leave the reactor immediately after it is formed, therefore
the presence of oxygen gas is neglected. Since the density of the
Cu,OCl; solid (4080 kg/m?) has a value close to that of the CuCl
molten salt (3692 kg/m?), it is assumed that solid particles and
molten salt are well mixed and form a homogeneous slurry.
This well mixed homogeneous slurry will lead to a more
uniform temperature profile inside the oxygen reactor. That is
why the temperature profile is assumed to be constant and equal
to 530°C. Thermo physical properties for the slurry mixture are
calculated at 530°C. For agitated reactor, the process side heat
transfer coefficient (hp) can be determined from;

Nup = C Re® Pr? (Mi)c (11)

w

2
where, C is constant, Re (Reynolds number) = (%), N, is the

agitator speed and D, (agitator diameter ) = Dp/3. The
values of the constant C and the indices a, b and ¢ depend on
different factors, such as; agitator type, baffles existence, and
whether the heat transfer is to the colis or to the reactor wall.
According to the Penny’s graph [11] that depends on liquid
viscosity and vessel volume, the type of the impeller that can be
used for the oxygen reactor is a propeller with 420 rpm. For a
baffled reactor, a three blades propeller and heat transfer to
reactor wall, the Nusselt number equation is;

u 0.14
Nuy = 0.64 Re®67 pro33 (#—) (Re > 5000) (12)

The slurry dynamic viscosity (i) can be related to the
viscosity of the liquid phase as;

Hst = Hr Mo, (13)

where u, is the relative dynamic viscosity (dimensionless), and
u; is the dynamic viscosity of the liquid (CuCl molten salt).
There are different equations to calculate the relative viscosity
as a function of the volumetric solid concentration (Cg). For
very low solid concentrations, Einstein's equation can be used
[12], where p, =1. For higher solid concentrations, the
equation of Guth and Simba [13] can be used,

wr=1+25C, + 14.1 C2 (14)

Other thermo physical properties of the slurry mixture can be
calculated from the volume percent of the solid and molten salt.
For example, the average density of the slurry pg; can be
calculated as;
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pst = Ps Cs + py (1 - CS)J (15)

where pg and p; are the densities of solid and liquid
respectively. The average specific heat of the slurry is;

_ PsCpsCs+piCpy (1-Cs)
Cp,sl - Dt 4 (1 6)

where Cp, ¢ and C,; are the specific heats of the solid and liquid
respectively. The effective thermal conductivity of the slurry
kg, is calculated from [14];

ke = ks Cs+ K (1= Cy), (17)

where kg and k; are the thermal conductivities of the solid and
liquid respectively.

The recommended method that can be used to determine the
effect of fouling, is to calculate the values of individual fouling
resistances for the process side Ryp and for the service side Rpg.
For helium gas heating fluid, Ry is expected to be negligible
since there should be no build-up associated with clean dry
helium.

III. TYPE OF WORKING FLUID IN THE SERVICE SIDE OF
OXYGEN REACTOR

Two types of fluids are highly recommended as a working
fluid in the oxygen reactor; CuCl molten salt and high-pressure
helium gas (He). Helium gas is recommended amongst the
other noble gases because it is inert and relatively has good
transport properties [15]. There are substantial differences
between molten salts and high-pressure helium that must be
considered in selecting the working fluid as a heating medium
in the oxygen reactor.

TABLE I
COMPARISON OF THERMO-PHYSICAL PROPERTIES OF HELIUM AND CUCL
MOLTEN SALT AT AN AVERAGE TEMPERATURE OF 750°C

Material Molten Salt Helium
(CuCl) [8] (7.5 MPa) [16]

Tmelting (OC) 430 -

Tboiling (DC) 1490 -
p (kg/m?) 3692 35
€, (klkg.°C) 0.66 52
p C, (kIm3°C) 2450 18.2
k (W/m.°C) 0.23 0.37
1 % 105 (Pa.s) 260 4.7
v x 10° (m?/s) 0.7 13.4
Pr 4.29 0.66

The thermophysical properties for high-pressure helium and
CuCl molten salt are summarized in Table I. In this table, it can
be seen that the volumetric heat capacity, p C,, of the CuCl
molten salt is greater than that of high-pressure helium gas by
more than 100 times. This indicates that the molten salt has
higher heat transfer capability than high pressure helium gas.
Another advantage of molten salt on helium gas, is that, molten
salt requires smaller diameters pipes and less pumping power
for transportation than those required for high-pressure helium
gas. This advantage will decrease the capital cost and will allow

the process heat to be delivered for large distances. Clean
helium clearly does not have the potential to corrode loop
materials, whereas, molten salts exhibit higher corrosion rates.
Both the molten salt and helium gas provide stored energy
sources that can be released rapidly. The stored energy for
helium gas, comes from the high pressure of the gas, and the
large volume of gas due to the large duct sizes required for
transferring helium with reasonable pressure losses. For molten
salts, the stored energy comes from the high temperature and
high heat capacity of the liquid. This energy can be released if
the molten salt mixes with a volatile liquid (e.g. water).

IV. RESULTS AND DISCUSSION

The total amount of heat required in the oxygen reactor can
be calculated from (1), where AH, =129.162kJ/mol, & =
0.5 Kmol/day, and Cps = 134J/molK [8]. For a hydrogen
production rate of 100 tonne/day, where 74 is 50000 kmol/day,
0 will be 87 MW. For a HTGR, the nuclear reactor exit
temperature is about 1000°C. The inlet temperature of the
heating fluid in the jacket (same as the exit temperature of the
intermediate heat exchanger (IHX)) is taken to be 900°C based
on [17]. The exit temperature from the jacket is assumed to be
540°C (because the decomposition temperature is 530°C). For a
hydrogen production rate of 100 tonne/day that is divided to a
number of reactors N, the total thermal resistance of the oxygen
reactor that is required when using HTGR (Ry;¢g) can be
calculated from (2) as;

Rirr =57 = 1.15 X 1078 N K/W (18)

For CANDU SCWR, where the nuclear reactor exit
temperature is about 625 °C [18], [19], the inlet and outlet jacket
temperatures are assumed to be about 600 °C and 540 °C
respectively, and the total thermal resistance required is
Rscwr = 3.55 % 1077 N K/W for a hydrogen production rate of
100 tonne/day. The physical properties of the heating fluid in
the service side of the oxygen reactor (13)-(17) are calculated
at the mean temperature of the fluid, which is for a HTGR equal
to 720 °C and for a SCWR is equal to 570 °C. For a helium gas
with a pressure range of 1-7 MPa and a temperature range of
570-720 °C, the compressibility factor range is 1.001426-
1.009594 [16]. This factor varies from unity by less than 1%
which means that helium gas can be regarded as an ideal gas.
The equation of sound for gases is;

¢ =./YRT, (19)

where y is an adiabatic index and R is the gas constant. For a
helium gas, yy, = 1.6667 and Ry, = 2077 ]/kg.K. By using (19),
the theoretical maximum speed of a helium gas (which is 1/3 of
speed of sound) for a HTGR (T=720°C) is 618 m/s and for a
SCWR (T=570°C) is equal to 570 m/s. In this paper, to be more
conservative for getting incompressible flow, the operating
speed of the helium gas is considered to be 400 m/s in the half
pipe jacket for both HTGR and SCWR. The operating speed of
the CuCl molten salt is assumed to be 4 m/s for the half pipe
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jacket. These values are within the range of molten salt nuclear
reactors reported [20], [21]. When the volume of oxygen reactor
inventories is very large, a number of parallel reactors with
specific volumes can be used. In this case, it is necessary to
specify the dimensions of the reactor. The parameters used in
the calculations of heat balance are summarized in Table II.

TABLE II
DETAILS OF PARAMETERS USED IN THE HEAT BALANCE CALCULATIONS
Parameter Description

Stainless steel
321°
3600 psi [22]

Material of the reactor wall

Maximum allowable working stress (S) at T=649°C
Thermal conductivity (k,,) for stainless steel 321 at T=

316°C 22.1 W/mK [23]
Corrosion allowance (t.) 8.9 mm® [24]
Joint efficiency (E) 0.8
Internal diameter of the half pipe (d;) Dr/40
Spacing distance between pipes dei/4
Operating pressure (F,) of the process side 1 bar
Pressure of helium gas in the service side 7.5 MPa
Reactor diameter (Dg) 4m
Reactor aspect ratio (AR) 2

! Stainless steels 321 is used because of its high working temperature range
from 427 to 816°C.

® This value is used for the oxygen reactor because of the relative high
corrosion susceptibility of CuCl molten salt.

In order to calculate the thermal resistance due to fouling in
the oxygen reactor, fouling factor must be known or estimated.
According to Tubular Exchanger Manufacturers Association
(TEMA), the fouling factor for molten heat transfer salts is
equal to 0.000088 m? K/W [25]. In this work, to be more
conservative, twice of this value, 0.000176 m?> K/W, is used to
be the fouling factor for molten salt CuCl. Also, it is assumed
that the fouling inside oxygen reactor comes from CuCl only,
because it represents the major content as a quantity inside the
oxygen reactor.

Fig. 3 shows a comparison of the number of reactors required
between HTGR and SCWR. This comparison is for each
section of the half pipe jacketed oxygen reactor with a helium
gas in the service side. From Fig. 3, it can be seen that the
maximum number of reactors required comes from the wall of
the reactor. This is because of the large thickness of the wall
material, which is due to the large size of the reactor and the
high static pressure produced inside the reactor. It can also be
seen that the number of oxygen reactors for SCWR are higher
than that for HTGR by more than three times. This is because
of the higher temperature difference between the service and
process sides in the HTGR. This means that using HTGR is
more efficient for producing heat to the oxygen reactor than
SCWR.

Fig. 4 shows the total number of jacketed oxygen reactors
with each heat source of nuclear reactors for both helium gas
and CuCl molten salt. From this figure, it can be seen that there
are no significant differences between high pressure helium gas
and molten CuCl in heating the jacketed oxygen reactor. Fig. 5
shows the comparison of number of oxygen reactors versus the
hydrogen production rate between material and heat balances

for both HTGR and SCWR for helium gas service fluid. From
Fig. 5, it can be seen that the numbers of reactors calculated
from heat balance are much greater than that calculated from
material balance. That means the design of the oxygen reactor
size is affected mainly by the heat balance.

Fig. 6 shows the effect of the reactor diameter and aspect
ratio on the number of oxygen reactors calculated from heat
balance. From this figure, it can be seen that, when increasing
the reactor diameter from 2 m to 4 m, the number of oxygen
reactors decreases by 60.5% when AR = 2 and decreases by
42.6% when AR = 4. Also, it can be seen that, when increasing
the aspect ratio from 2 to 4, the number of oxygen reactors
decreases by 47.9% when Dp = 2 m and decreases by 24.3%
when Dy = 4 m. From these results, it can be concluded that
the effect of the reactor diameter on the number of oxygen
reactors is more significant than the effect of aspect ratio.
Moreover, Fig. 6 shows that, by increasing the diameter or
aspect ratio of the reactor, their effects on the number of
reactors will decrease.

100
O HTGR
W SCWR
o 80 A
S
g
& 60 -
s
2
2
g 40 -
=
=]
20
0 —
NP NFP NW NFS NS Ntotal

Oxygen Reactor Section

Fig. 3 Number of reactors for each section of jacketed oxygen reactor
system heated by 7.5 MPa helium gas for both HTGR and SCWR

120

O He
100 + mcucl

80 -+

60 +

40 —+

Number of Reactors

o] 1
HTGR SCWR
Type of Nuclear Reactor

Fig. 4 Total number of jacketed oxygen reactors with each nuclear
reactor for both 7.5 MPa helium gas and CuCl molten salt
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120

B Material Balance [7]
100 + — @ Heat Balance (HTGR)

O Heat Balance (SCWR)
80 +

40 +

Numberof Reactors

100 50 25
Hydrogen Production Rate (tonne/day)

Fig. 5 Number of oxygen reactors calculated by material balance [1]
and heat balances of both HTGR and SCWR versus hydrogen
production rate

Number of Reactors

3
Aspect Ratio Reactor Diameter (m)

Fig. 6 Effect of reactor diameter and aspect ratio on the number of
oxygen reactors calculated from heat balances for a hydrogen
production rate of 100 tonne/day

V.CONCLUSION

In this paper, the scale up analysis of the jacketed oxygen
reactor in the Cu-Cl cycle of hydrogen production, was
investigated from the perspective of heat balance. In the heat
balance, a half pipe jacket was used to transfer heat to the
process side of the oxygen reactor. The thermal resistance of
each section in the jacketed reactor was examined, and it was
found that the main contribution to the total thermal resistance
that dominates the overall heat transfer coefficient is from the
wall.

Different types of working fluids were used in the service
side such as helium gas and CuCl molten salt and the
comparison between them was studied. It was determined that
there is no significant difference in the size of the jacketed
oxygen reactor when using helium gas or CuCl molten salt. In
general, there are technical risks in the use of either helium gas
or CuCl molten salt, and both should be retained and studied
until these technical issues are resolved and an optimal choice
can be made.

The effects of the reactor diameter and aspect ratio on the
size of the oxygen reactor were determined from the
perspectives of heat balance. It was concluded that the size of
the oxygen reactor decreases non-linearly with increasing the
reactor diameter or aspect ratio, and the effect of the reactor
diameter on the reactor size is more significant than that of the

aspect ratio. The rate of decrease in the size of the oxygen
reactor was found to be decreased by increasing the reactor
diameter or aspect ratio.

Two types of nuclear reactor heat sources were examined in
the scale up analysis of the oxygen reactor, which are CANDU
SCWR and HTGR. It was shown that the overall thermal
resistance of the oxygen reactor (R,) when using HTGR is less
than that of SCWR by 3-4 times. That means a better heat
transfer rate has to be provided for SCWR than HTGR, because
of the higher exit temperature of the HTGR which in turn
produces higher temperature differences between the service
and process sides than for the SCWR.

From the comparison between the results of material and heat
balances, it was found that the size of the oxygen reactor is
determined by the heat balance that requires larger size of the
oxygen reactor. The comparison study also indicated that using
a jacket for heat transfer, leads to a large number of reactors to
provide enough heat transfer area for the large amount of heat
required for the decomposition process.
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