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A simplified approach, based on the concept of  an overall heat loss coefficient, is described for the 
estimation of  time-variant temperature profiles. The computat ion of  the loss coefficient from exper- 
imental temperature maxima under programmed power input is also discussed. 

Nomenclature 
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active heat transfer area (cm 2) 
parameter in power equation (Equation 7) (W) 
parameter in power equation (Equation 7) 
(Ws 1) 
parameter in power equation (Equation 7) 
(s- ')  
electrolyte specific heat capacity, (kJ kg- 1 K-  l ) 
surface emissivity 
Faraday's constant (96 487 C mol- 1 ) 
current (A) 
molar mass of electrolyte (gmol- 1 ) 
initial mass of electrolyte (g) 
power input (W) 
electrolyte temperature (K) 
ambient temperature (K) 
time (s) 

1. Introduction 

The calorimetry of single-compartment Dewar cells 
has recently been the subject of considerable interest 
in connection with the electrolysis of deuterium oxide 
in the palladium-deuterium-heavy water system, 
where various enthalpy-generating and enthalpy- 
consuming components of the overall thermal balance 
were investigated meticulously [1-10]. While the 
question of excess thermal energy via electrochemic- 
ally induced nuclear fusion in this system remains con- 
troversial, these studies of calorimetry associated with 
D20 electrolysis indicate clearly the experimental and 
mathematical encumbrance, [for example 1, Appendix 
2, 4] required for a rigorous treatment of primary and 
secondary thermal effects in Dewar cells. The theor- 
etical estimation of the temperature history in such 
cells requires intricate and time-consuming estimations 
[1, loc.cit] of numerous process parameters, especially 
if the time dependence of the effective heat transfer 
coefficient is also taken into account in the thermal 
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x symbol denoting T or T o 
z valency 
AG O standard free energy of reaction (J mol 1) 
AH ~ standard heat of reaction (J mol- i) 
AH R heat of reaction (J tool 1) 
Greek symbols 
~1 lumped parameter (Equation 3a) (W) 
~2 overall theoretical heat loss coefficient 

(Equation 3b) (W K -4) 
c~ overall apparent (experimental) heat loss 

coefficient (W K -4) 
/3~ lumped parameter (Equation 3c) (J L -1) 
/32 lumped parameter (Equation 3d) (WK 1) 
e relative error in overall heat loss coefficient (%) 
o Stephan-Boltzmann constant, 5.6697 x 

10-SWm-2 K-4 
Subscript 
m related to the temperature maximum 

balance equations. Since the ratio of the total enthalpy 
generated to the Joule enthalpy input can apparently 
be as high as about thirty [1, Fig. 9A] with respect to 
reference operating conditions during the 'burst' 
periods of excess enthalpy, the necessity of carrying 
out a thoroughly elaborate but cumbersome calcula- 
tion of thermal properties of the Dewar cell for the 
sake of demonstrating strong bursts becomes doubt- 
ful. Conversely, if such bursts cannot be detected 
experimentally (as stated in [2] and [3]), discrepancies 
in temperature predicted by an approximate and a 
rigorous model may not be important from a practical 
standpoint. 

The purpose of this paper is to describe a simplified 
thermal analysis of a calorimetric Dewar cell in terms 
of a single nonlinear thermal balance for the predic- 
tion of temperature/time variations in the cell, and to 
demonstrate that under properly programmed power 
input conditions, the overall heat loss coefficient can 
be estimated at relatively high accuracy from the ther- 
mal balance. This degree of accuracy may obviate in 
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appropriate cases the necessity of estimating (theor- 
etically) thermal sub-processes of secondary mag- 
nitude and importance. Alternatively, the simplified 
approach can serve for a rapid approximate esti- 
mation of thermal behaviour, to be followed up by the 
rigorous approach advocated in the cited literature. 

2. Theory 

2.1. An analytical solution in the case of  constant 
thermal power input 

In compliance with the basic Dewar cell structure, 
where the reaction mixture is separated from a heat- 
sink bath by the cell wall and a vacuum space offering 
two thermal resistance in series, the heat transport 
process from cell to sink is considered to be essentially 
radiation [1], but with the assumption that the active 
areas receiving and emitting radiation are of equal size 
and of the same emissivity. This assumption may be 
relaxed wherever necessary, by considering more com- 
plicated configurations, (for example, Equation 5 in 
[5]). Due to the gas-evolving nature of the overall 
electrolytic process 

2D20 , 2D2 + 02 (1) 

the active liquid mass in the cell is decreased in time 
according to Faraday's law of electrolysis. In conse- 
quence, the overall (phenomenological) heat balance 
for the Dewar cell may be written as 

IMt~  d T  IAHR eaA ( T 4  T4 ) 
m ~  zF jCp ~ - P zF 2 +---~ 

(2) 

with z = 2 in the case of Equation 1 (the symbol z 
is retained for the sake of generality); due to the 
inherently nonlinear nature of Equation 2, a general 
analytical solution does not exist. An approximate 
analytical solution may be obtained in the case of a 
constant thermal power input (P) and also if (i) the 
emissivity, e, and the active heat transfer area, A, are 
considered to be constant (the latter assumption may 
become untenable at excessively long electrolysis 
times, unless electrolyte replacement (1) is carried out 
periodically); (ii) AHR is only a weak function of tem- 
perature; and (iii) electrolysis is performed at a con- 
stant current. If  these assumptions apply, Equation 2 
may be rewritten in terms of lumped parameters 

~1 - P IAHg 
zF 

eaA 
e 2 - 2 +  e 

l l  ~ moCp 

f12 ---- I M c p  
zF 

eaA 
- - -  + Y ~ e  V ~  ( 3 a )  

(3b) 

(3c) 

(3d) 

a s  

dT al - -  a2 T 4  

dt fl, - fl2t 
(4) 

with associated initial condition t = 0; T = T o. The 
solution of Equation 4 via elementary rules Of integral 
calculus may be written in the dimensionless form 

~2 (~_2~3/4 in fll (5a) 
c~(T) = (o(To) + ~ \ ~ 2 /  fll - fl2(t) 

where 

q~(x) - �89 (~1/~2)1/4 + x + tan i (~2/~1)1/4x (5b) 
( ~ 1 / ~ 2 )  1/4 - x 

x denoting To or T. The T(t) relationship may be 
obtained by means of @plots illustrated numerically 
in the sequel. 

2.2. Solutions in the case of  varying thermal power 
inputs 

The assumption of a constant thermal power may be 
a reasonable approximation when parasitic power 
losses are sufficiently low to allow the input electric 
power input thermal power hypothesis, and when the 
effective cell resistance varies only slightly (e.g. over a 
sufficiently short time period). In other instances the 
term P in Equation 2 becomes time variant and the 
thermal balance equation requires a numerical sol- 
ution. Of all temperature profiles the cell can exhibit 
under varying power input conditions, those having 
local temperature extremes are of special importance, 
because the apparent overall heat loss coefficient may 
be readily estimated from the experimentally observed 
extremes. Since at an extremum the temperature 
derivative becomes zero, it follows from Equation 2 
that an estimate of the overall heat loss coefficient may 
be computed as 

P(tm) -- (IAHR/zF) 
~ = 7 4 _  T4 (6) 

where the symbol a t is used to distinguish this quantity 
from the theoretical quantity of ~: = eaA/(2 + e). 
In such an experiment the input power P(t) has 
to be programmed to result in a smooth temperature 
maximum or minimum observed at some intermediate 
temperature tin. Among many possible choices the 
function family 

P(t) = B o + B lt exp ( - b t )  (7) 

with adjustable parameters B0, B1 and b may be 
attractive as shown in the next section. It is important 
to avoid power inputs resulting in a sharp break in the 
temperature/time profile (even if the break point is an 
extremum), for the time derivative does not exist at 
break points; a trivial example is the It] function which 
at t = 0 has a minimum, but no derivative. 

3. Numerical illustration 

In Table 1 numerical values of the parameters of a 
Dewar cell are assembled: resemblance to an earlier 
cell [1] is incomplete, due to partially available infor- 
mation. The temperature increase, predicted by the 
analytical solution is compared in Table 2 to the 
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Table 1. Parameters of  a Dewar cell for the numerical illustration of  its thermal behaviour (constant power input) 

Parameter Numerical value and unit 

Initial mass of electrolyte (m0) 
Specific heat capacity of electrolyte (Cp) 
Molar mass (M) 
Active heat transfer area (A) 
Ambient temperature (irA) 
Initial electrolyte temperature (To) 
Surface emissivity (e) 
Power input (P)* 
Heat of reaction (AHR) 

Overall heat loss coefficient (~2) 

~(r0) 

60.745 g 
4.212(kJkg IK 1) 
20.0276 (g mol- 1 ) 
97.817cm 2 
298.15K 
298.15K 
0.92 
3.68; 1.84 

AH ~ = 294.73 kJ (molD20(1)) J 
3.861 (P = 3.68)W 
2.021 (P = 1.84)W 
1.747 x 10-1~ -4 
255.86 J K l 
3.54 x 10-4WK -I 
1.6868 (P = 3.68) 
2.2603 (P = 1.84) 

* Using Fig. 4c [1] as a guide, a cell voltage drop of 4.6 V was chosen with a current of 800 mA and 400 mA, respectively. Parasitic power 
losses are neglected. 

numer ica l  so lu t ion  o f  E q u a t i o n  4, where a s t anda rd  
R icha rdson ' s  e x t r a p o l a t i o n / R o m b e r g  qua d ra tu r e  
a lgo r i thm [11] was used for  in tegra t ion .  The  graphica l  
p rocedure  shown in Fig.  1 is a convenien t  means  o f  
ob ta in ing  the analy t ica l  T ( t )  est imates  via Equa t ion  5: 
q51 denotes  the explicit  t empera ture  dependent  funct ion 

given by  E q u a t i o n  5b and  (~2 denotes  the explici t  t ime 
dependen t  funct ion given by E q u a t i o n  5a, for  a speci- 
fied value  o f  To, which sets the numer ica l  value ~b(T0). 
The  ana ly t ica l  and  numer ica l  ca lcula t ions  agree at  a 
less than  1% relat ive error .  The  t ime interval  o f  the 
s imula ted  process  is well be low the deple t ion  l imit  o f  
a b o u t  201 h; in the exper iments  o f  F le i schmann  et  al. 

[1] cell e lectrolyte  vo lumes  were replenished at  12-48 h 

intervals.  
The  es t ima t ion  o f  the a p p a r e n t  overal l  hea t  loss 

coefficient is i l lus t ra ted  in Fig.  2; in o rde r  to test the 
re l iabi l i ty  o f  E q u a t i o n  6 for  the pu rpose  o f  es t imat ion,  
the t empera tu re  va r ia t ion  was s imula ted  by p r o g r a m -  
ming  the power  inpu t  E q u a t i o n  7 wi th  B0 = 2 .5W,  
B1 = 0 . 0 0 1 W s  -1  and  b = 2 x 10 4s-1.  

The m a x i m u m  tempera ture  of  375.77 K is reached at  
tm ~-- 14 500 S, where  P -- 3.2978 W,  hence Equa t ion  

Table 2. Thermal behaviour of the Dewar cell in the numerical illus- 
tration with constant power input (T o = 298.15 K) 

Time/s Temperature/K 

Eq. 5~Fig. 1" Numerical solution 
of  r, q. 4 

(a) P = 3.68W 

(b) P = 1.84W 

1000 308.5 307.51 
2000 317.5 316.16 
5000 336.2 337.93 

10000 364.0 361.73 

1 000 300.0 300.57 
2000 303.0 302.83 
5 000 307.5 308.65 

10000 315.0 315.73 

* Figure 1 illustrates the P = 3.68 W case; a similar plot, not shown 
here, has also been used for the P = 1.84W case. 

6 yields the e; = 1.7445 x 1 0 - 1 ~  4 est imate.  A 

c o m p u t e d  solut ion with a finer t ime- interval  gr id 
yields tm ~ 14480S and  P = 3 .2999W, hence 7; = 
1.7472 x 10 I ~  4 is c o m p u t e d  (the co r re spond-  
ing t ime derivat ives  are - 9 . 5  • 10 6 K s - l  and  
- 8 . 3 4  x 10 7 K s - 1  respectively).  C o m p a r i s o n  with 
e2 = 1.747 x 10 l ~  indicates  tha t  the overal l  
heat  loss coefficient can be re l iably  ob ta ined  f rom 
carefully mon i to r ed  e x p e r i m e n t a l  t empera tu re  and 
input  power  measurements  where ~2 is no t  a p r i o r i  

known.  A n  exper imenta l  accuracy  o f  this magn i tude  
is, in fact, no t  necessary since, as ind ica ted  in Table  3, 
even a one percent  relat ive er ror  in the de t e rmina t ion  
o f  the overal l  hea t  loss coefficient f rom exper imenta l  
t empera tu re  m a x i m a  would  induce a very small  diver-  
gence in the c o m p u t e d  t empera tu re  profile,  and  it 
would  no t  mask  the observa t ion  o f  excessive en tha lpy  
genera t ing  p h e n o m e n a  (if they do  occur)  in the D e w a r  

cell. 
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Fig. 1. Graphical aid for the analytical solution of the thermal 
balance (Equations 4 and 5) in the case of a constant power input. 
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Fig. 2. Thermal behaviour of  the Dewar cell with a power input 
given by Equation 7 with B 0 = 2.5W, B 1 = 0.001Ws -~ and 
b = 2 • 10-4s i. 

4. Final remarks 

The foregoing analysis is limited to certain simplifying 
assumptions (invariance of the active heat transfer 
area, negligible temperature-dependence of the liquid 
phase specific heat capacity and the overall heat of 
reaction in the temperature range of interest), whose 
removal, if necessary, does not alter the principle of 
the approach. Similarly, the method can accommo- 
date power inputs of arbitrary time-dependence, 
which are mathematically more complicatedthan 
Equation 7; one can envisage power inputs yielding 
a temperature minimum and a maximum during 
the same experiment from which two estimates of a2 
can be obtained for the detection of measurement 
reliability. On the other end of the scale, if in a Dewar 
cell mass depletion and time variations of power may 
be neglected, the analysis is simplified to an earlier 
model [12] requiring a modicum of computation. 
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