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Abstract-A mathematical model to predict the thermal performance of regenerators with steam addition 
into the combustion air has been presented. The governing performance equations have been solved by 
Alternating Direction Approximation Method. On account of 15% steam addition to combustion air, overall 
heat transfer coefficient during cooling period is doubled, and is increased by 15% during heating period. The 
savings in fuel costs have been calculated by considering the depreciation, maintenance and operating costs 
of a waste heat boiler. It has been predicted that the steam injection is more beneficial for long and low 
capacity regenerators. The net optimum savings in fuel costs range between 1.3 and 4.2 million rupees 

annually for the various cases worked out. 

NOMENCLATURE 

~mi-thickness of channel walls [m] ; 
cross-sectional area of a channel passage 

[m*]; 
Biot modulus, ha/k ; 
specific heat of solid [J/Kg K] ; 
total heat transfer coefficient between 

solid surface and gas bulk [W/m2 K] ; 
convective heat transfer coefficient 

[W/m2 Kl ; 
radiant heat transfer coefficient 

[W/m” Kl ; 
thermal conductivity of solid [W/m K] ; 
regenerator height [m] ; 
number of steps of integration in x- 
direction ; 
number of steps of integration in y- 
direction ; 
perimeter of channel cross-section [m] ; 
specific heat of gas [J/m3 K] ; 
gas temperature [K] ; 
dimensionless gas temperature, 

t-t!’ 
2; 
t;, - tI:, 

matrix temperature [K] ; 
dimensionless matrix temperature 

T - t!’ 
2; 
t;, - t;” 

volume of fluid entrained in a single 
channel [m3] ; 
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V, 

w,, w,, 
X, 

x*. 

m 

Y. 

volume flow rate of fluid at N.T.P. 

[m3/sl ; 
regenerator channel sides [m] ; 
distance perpendicular to wall surface 
measured into wall thickness [m] ; 

dimensionless distance, 5 ; 
a 

cubic metre of steam mixed per 100 cubic 
metres of air ; 
distance in the flow direction measured 
from the inlet end Cm]. 

Greek Symbols 

Subscripts 
in, 

0, 
I, 

Jl 
k, 

thermal diffusivity of solid [m’js] ; 
ti - t’ 

thermal ratio 2 
t;, - t:‘, 

or 
t” - t!’ 
0 m; 

ti, - tyR 

density of solid [Kg/m31 ; 
dimensionless time ; 
dimensionless length of regenerator; 
dimensionless distance; 
dimensionless period; 
time [s] ; 
duration of a period [s]. 

inlet to regenerator ; 
outlet to regenerator ; 
position in x-direction ; 
position in y-direction ; 
position in time; 
maximum value ; 
minimum value. 

Superscripts 
heating period ; 
cooling period. 
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I. INTRODUCTION 

THE RATE at which energy requirements are 
increasing day-by-day has made it necessary to con- 
serve the fossil fuei reserves. Amongst the various 
measures being taken to this effect, is one to devise 
methods for improving the performance and efficiency 
of the existing equipment and appliances. Thermal 
regenerators are being increasingly used with furnaces 
in a large number of plants as fuel economising devices. 
Such furnaces utilise a large volume of air, and any idea 
which may promise to improve regenerator thermal 
ratios by even OS?& is worthy of attention. 

Air is transparent to thermal radiation. During the 
cooling period when the combustjon air passes 
through the regenerator, heat is transferred from chequer 
surface to combustion air by convection alone. By 
introducing a radiating gas or vapour into the com- 
bustion air heat will also be transferred by radiation, 
During the heating period in the regenerator, the rate 
of heat transfer by radiation will be increased by the 
addition of radiative gas into the combustion air. The 
net effect of the increased heat transfer rates is a higher 
pre-heat temperature or lower fuel consumption. 
There is hardly any published literature available on 
the use of any radiating gas for improving regenerator 
performance. Recently, the authors [I] have proposed 
the use of steam for the purpose. They have predicted 
that by adding up to 15% steam to the combustion air 
through the regenerator. the cooling cycle thermal 
ratio is increased by over 25Y.i in some represen~tive 
cases. However, the work of the authors had the 
following iimitations: 

(1) The investigations were restricted to the re- 
generators of medium reduced lengths only : 

(2) The overall economical gains on account of 
steam addition to the combustion air were not worked 
out. Only improvement in thermai ratios were 
predicted ; 

(3) The numerical integration scheme used was not 
self-starting and some other method had to be used for 
starting the solution. 

(4) The heat capacity of the fluids entrapped in the 
regenerator channels was neglected as its effect is 
small [2]. 

The present work is the extension of the previous 
work of the authors to overcome the above shortcom- 
ings. The cost of steam generation has been considered. 
and the additional heating required for the injected 
steam has been included in the energy balance. The 
Alternating Direction Approximation Scheme has 
been used for numerical integration because of its self- 
starting property, unconditional stability and lesser 
computer time required as compared to many other 
methods [3f. 

2. MATHEMATICAL MODEL 

The mathematical model used to investigate the 
scope of “waste heat recovery” in this paper is the same 
as earlier used by the authors [I]. The 2-D model has 
been selected for obtaining better accuracy of the 

predicted results. With steam addrtlon undo ;I;~: LtI/~~ 
bustion air, heat transfer coefficients arc impr<jieiI 
considerably. Hence, the values of Biot ntoduit~~ itis(r 
increases appreciably. It has beeI> +own :n [“j thai 
with increase in the value of Bin: modutu~. :i>e !-i> 
model becomes less accurate ;i\ ~~,mpa~-e~i :+’ ‘-1, 
model to predict the effectiveness CC regenerators I i;c 
difference between the values iif rherma; I-xI:.~ ~VC 
dieted by the two models ma) be a\ 111gh ii\ is), i j. j 
This difference is quite significant in term+ ,:! i‘11zi 
economy. Therefore, for the present MOI.I\ ti:~ ‘.I) 
model has been selected. 

In the mathematical model. the l-egen~r~~(~~ i> 

assumed to consist of a number &’ rectangu~~~r pas- 
ages of sides W, and MJ,. The thickness of ~t,tll 
constituting the passages is ZL :tnd P P. the tv;ill 
perimeter The following are. in brref. the assumptiorls 
made : 

(I ) The thermal properties oi the tnatrru rnatcrial 
are constant and do not vary with temperature OI 
position. 

(2) The fluid flow rates are constant during both the 
periods. They may be different during the heating and 
the cooling periods. 

(3) The thermal conductivity of the matrix 1s zero rn 
the direction of fluid flow. i.c. in y-direction. The 
conductivity in the direction perpendicular to ffuld 
flow. in the u-direction, is finite. 

(4) The valuesof heat transfer coefficients in coohng 
and heating periods differ from each other, but fitr n 
particular period these values remain unchanged. 
These have been calculated on the basis of time- space 
average temperatures during the period. Similarly, the 
gas and air specific heats are assumed constant during 
the respective periods. and arc calculated at the 
time space mean temperatures for the periods 

(5) The fluid temperature is uniform across a cross- 
section. 

(6) Axial conduction within the tfuid is neghgible. 
(7) fn between the periods, the hot,cofd fluid is 

completely driven off and the space within the ~ohd 
matrix is instantly filled with cold,‘hot tluid, entering 
from the opposite end This is assumed to he ~com- 
plished without a change in the matrix temperature. 

The .x--direction is measured from the matrix heat 
transfer surface into the wall thickness. The i--directmn 
is measured parallel to the flow-. and always from the 
inlet end. The dimension in the third direction is taken 
as unity. 

The centre plane of the wail thickness, at .\ =: ~4, maq 
be assumed to be taken as adiabatic, as all the channels 
making up the regenerator are identical. Therefore, for 
the purpose of mathematical analysts, it is sufficient to 
consider only half the matrix wall thickness of a sin& 
rectangular passage. The corner eKea is also ignored. 

The matrix wall semi-thickness is divided into 
rectangular elements each of sides AX and AJ, such that 
m Ax ; a and n Ay = I,. The next step is to write the 
heat balance equations for each of these elements. This 
gives the following set crf Ist-order differential equa- 
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tions for the elements at any height level j: 
(i) For the surface element, i = 1, 

(ii) For the inner elements, i = 2 to i = m- 1, 

s_ k 
at - y(Ti+l 

PCW) 
- Ti) 

k (T,_l - Ti). (2) +------ 
pc(Ax)’ 

(iii) For the innermost element having one surface 
adiabatic, i = m, 

aTm k 
az - ---(T,,,_, - T,). 

~4A-4~ 
(3) 

An energy balance between the surface element, i = 1, 
and the gas bulk in the channel gives: 

(T, - t) = $$ + +f;. (4) 

In the above equations (l)-(4), the s&ix on T 
represents the location of the element in the x- 
direction. The condition of constant fluid inlet tem- 
peratures are expressed as 

t’(0, r’) = t;,, Va) 

t”(0, t”) = tya. (sb) 

As the y-direction is always measured from the inlet 
end, the conditions of flow reversal in between the 
periods are given by: 

T’(x, y, r;, = T”(x, L-y, 0) (6a) 

T”(X, y. r;, = T’(x, L-y, 0) (6b) 

Equations (l)-(6) are transformed into non- 
dimensional form by making the following 
substitutions : 

x* = x/a, dimensionless distance along x-axis; 

5 = g y, dimensionless distance along y-axis; 

dimensionless time; 

Bj = 5 Biot number; 
k’ 

A = g, regenerator reduced length ; 

regenerator reduced period. 

Thus equations (7)-(12) are obtained : 

t?TT 
-= 
au 

(T; - T:) + Bi(t* - Tr) 

(Ax*)’ Ax* ’ (7) 

CYT: T;+:,-T* 

-&- = (Ax*)’ + 

Ty_,--T; 
-- 

(Ax*)’ ’ 

i = 2, 3, . . ..m-1 (8) 

aTz T:_,--T: 

a?f - (Ax*)2 I( 
(9) 

at* 
ag = TT - t*, 

t*’ (0, ?f) = 1, 

t*” (0, q”) = 0, 

(10) 

UW 

Ulb) 

T*‘(x*, 5’, H’) = T*” (x*, /\” [I -e/A’], 0), (12a) 

T*” (x*, r”, I-I”) = T” (x* A’ [ 1 -y/A”], 0). (12b) 

It may be seen that at the same position in the 
matrix, l’/A’ = 1 - [“/A”. 

3. FINITE DIFFERENCE REPRESENTATION AND 
NUMERICAL METHOD 

The numerical integration of the lst-order differen- 
tial equations (7)-(10) can be carried out by replacing 
them with their finite difference representations. The 
Alternating Direction Approximation Method is se- 
lected for equations (7)-(g). This relatively new method 
has an accuracy of the order of (AZ)*. It is self-starting, 
unconditionally stable and requires much less com- 
puter time than many other methods available for 
integration, like Crank-Nicolson or Mitchell-Pearce 
E-t]. The Alternating Direction Scheme as described in 
[2] gives two distinct formulae, one for the odd and 
other for the even time steps. The corresponding finite 
difference representations of equations (7)-(g) are: 

For j = 1, 2, ., n 

(1) At odd time steps, k = 2, 4, 6, . . .: 

V,j.k+ 1 = YI 7Y.j.k + Yztj*.k+ I + Y,TZ.j.kr (13) 

TZj.k+ t = Y,T?j,,+ Y,(T,'_ I.~++I +Z+~.j.A 

i=2, 3, . . . . m-l, (14) 

and 

Tl.j.k + I= YsT~.j.k+Y5T~-l.j.k+,. (13 

(2) At even time steps, k = 1, 3, 5, . . .: 

GYj.~+ I= Y~T?.j.~ + Ygffk + Y,‘C,j,k + 13 (16) 

‘Tjk + t = Y,T&,, + Ys(‘V- 1 .j.k + Tid; I .j.k+ 11, 

i=m-1, m-2, ,..) 3, 2, (17) 

and 

TZ.j.e + I= Y7Ti.j.k + ‘1 TZ- t .j.k. (18) 

The coefficients Yi in these equations are: 

Y, = (I-~~)/(I+~~); Y, = A,/(1 $_A,); 

Y, = A,/(1 +A,); Y, = (I -~,)/(l+Ai); 

Y, = .W(l+Ai); Y, = l/(1 +A,); 

Y, = l-A,; Y, = (1 -&)/(I +A,) 
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and N,: 74.51. 

y, = A,I(l+At), Channel dimensions were chosen as : 

where A, = Ar/(Ax*)’ and A, = AqBi/Ax*. 

Equation (9) can be approximated by any formula 
used for integration of &t-order differential equation. 
In the present work, the trapezoidal formula [5] is 
used for the purpose. Thus equation (9) is equivalent to 

W, = 0.1524m, 
Wz :-- 0.2286 m, 

u = 0.0381 m. 

Air flow rate in each channel was taken as 
0.01527 scms and regenerator height as 6.5 m. 

f$+ I = Z~t,~-i,k+l~Z~~T~.j.k~~~~~.j--~.k+~/ 

j=2, 3, . . . . n, (19) 

where 

Z, = (1 -O.SA<),/(l iOSA[) 

and 

Z, = (O.SA<)/(l +OSAL\5). 

Equation (19) can be used to calculate the gas 
temperature at even time steps only. At odd time steps, 
thegas temperature at any heightj has to be calculated 
before the matrix temperatures at the same height and 
so the equation (19) cannot be used. For this purpose a 
combination ofequations (13) and (19) is used, as given 
in [2]. The step-by-step simulation process with a flow 
chart is also given in [2]. 

Based on the numerical method developed, the 
computer programme is prepared. The convective heat 
transfer coefficient, It,, is calculated by using the graphs 
presented by Razelos and Paschkis [6], The radiative 
heat flux in each period between the chequer surface 
and the fluid, qr, is calculated as given in [7]. A mean 
surface temperature, T, and a mean gas temperature, 
T, are evaluated as discussed in earlier paper of the 
authors [9]. Corresponding to these mean tempera- 
tures, the values ofemissivity of CO, and water vapour 
and their appropriate correction factors are found 
from graphs [7] or [8]. The radiative heat transfer is 
calculated from the expression : q, = h,( T, - TJ. The 
total heat transfer is the sum of h, and jr,. 

The computer programme was run with the above 
data by injecting various percentages of steam into the 
combustion air through the regenerator. In the present 
work, steam has been assumed to be dry, saturated and 
at atmospheric pressure. The predicted results are 
displayed in Fig. 1. Figure i(a) shows the variation of 
heat transfer coefficients with steam addition to the 
combustion air in both the heating and the cooling 
periods. The convective heat transfer coefficients dur- 
ing both the periods increase slightly on account of 
increased velocity with steam addition. The radiation 
heat transfer coefficient during cooling period m- 
creases from zero to 7.38 W/m’ K with l-5”,; addition 
of steam into the combustion air. It is observed that 
during the cooling period, the overall heat transfer 
coefficient is almost doubled by injecting IS?< steam 
into the combustion air. However, during heating 
period radiative heat transfer increases from 
25.14 W.,m* K with no steam to 30.50 W/m’ K with 
lSo< steam addition to combustion air or it is increased 
by 20”,,. The overail heat transfer coefficient is in- 
creased by about lSS$ 

Addition of steam to combustion air also changes 

40__1------?-- 
3of 

4. RESULTS AND DISCUSSlOK 

To illustrate and establish the beneficial effects of 
steam addition to combustion air, the authors have 
taken a large number of examples for analysis. The 
results of some of the typical cases are reported here. 
The foIlowin~ parameters of the regenerator have been 
kept constant throughout the analysis : 

air inlet temperature : 323 K, 
hot gas inlet temperature: 1723 K, 
thermal conductivity of solid: 1.581 W/m K. 
thermal diffusivity of solid : 4 x IO- ’ m2!s. 
emissivity of matrix surface: 0.8, 
ratio of gas to air Row : 1.045, 
heating or cooling period : 1200 S. 

Gas composition by volume percentage when no 
steam is added to combustion air: 

PI,0 vapour : 11.36, 
COz : 12.33. 
0,: 1.80, 

Fk;. t(a). Effect of steam addition to combustion air on heat 
transfer coefficients. 

--Percent steam (x s 1 
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1.0 

? max. 

j 
3 6 9 12 15 

*Percent steam (xs) 

FIG. l(b). Effect of steam addition to combustion air on 
regenerator performance. 

the gas thermal properties. The only gas thermal 
property that is to be dealt with quite frequently in the 
mathematical analysis of the thermal generator is the 
specific heat. Addition of 15% steam to combustion air 
increases the fluid specific heat by about 5% in the 
cooling period and about 3% in the heating period. As 
discussed in last paragraph, the overall heat transfer 
coefficient is almost doubled in the cooling period and 
increases by about 15% in the heating period. There- 
fore, the influence of overall heat transfer coefficient on 
the thermal performance of regenerator is very signi- 
ficant as compared to the influence of change in the 
thermal properties of the gas. Therefore, authors have 
not studied separately the effects of steam injection on 
the regenerator behaviour with change in thermal 
properties of gas. However, in the entire work, the 
specific heats of air and gas are interpolated from the 
tabulated values of specific heats of air and gas for the 
temperature range between 0” and 1500°C. 

Figure l(b) depicts that non-dimensional pre-heat 
temperature and the thermal ratios in cooling and 
heating periods increase and the non-dimensional 
matrix extreme temperature decrease with steam ad- 
dition into the combustion air. Maximum matrix 
temperature T& decreases slightly. The minimum 
matrix temperature Tz, drops from 0.4127 to 0.2711 
when 15% steam is mixed with combustion air, i.e. it 
drops by about 30%. The non-dimensional pre-heat 
temperature and the two thermal ratios increase 
sharply with up to 7% steam injection. With further 
increase in steam injection beyond 7%, these values 
increase slightly. 

The time-variation of the pre-heat temperature is 
plotted in Fig. l(c) for steam quantities from 0 to 15%. 
It may be seen that without steam the air outlet 

,541 
0. .25rl* .an~ .75n” 

-Dimensionless time (n’) 

FIG. l(c). Effect of steam addition to combustion air on time 
variation of air-exit tem~rat~e. 

dimensionless temperature during the cooling period 
drops from 0.5876 to 0.5522, or by 6.27% of the time- 
average pre-heat temperature. With 15% steam, the 
drop is from 0.7296 to 0.6699 or 8.67% of the 
corresponding time average. It may be observed that: 

(i) As the steam proportion is increased, the in- 
fluence on the air pre-heat temperature becomes less 
marked. This is also evident from Fig. l(b). 

(ii) The curves for different steam quantities are 
almost parallel, except at the inlet end, which have 
greater slopes for higher steam percentages. This 
shows that the pattern in which the pre-heat tempera- 
ture varies during the cooling period is little affected by 
the use of steam. 

As the temperature distribution becomes more non- 
linear with the use of steam in combustion air, the use 
of the 2-space-dimensional model for the present work 
is fully justified [lo]. 

A number of other examples considered have given 
similar results as presented above. In a set of examples 
with the above data the regenerator height was varied 
from 2.5 to 9m. The effects of mixing steam with 
combustion air on the thermal ratios of heating and 
cooling periods are plotted in Figs. 2 and 3 re- 
spectively. Here again it may be observed that beyond 
about 10% steam there is relatively less improvement 
in the thermal ratios. 

The increase in thermal ratios and the consequent 
higher pre-heat temperature, however, do not net- 
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Flow .01527 SC 

0 3 6 9 12 15 

-Percent steam f x 5 f 

FIG. 2. Effect of stdam Injection on heating cycle thermal 
ratios. 

essarify reflect the beneficial effects of the use of steam 
with combustion air. The mixing of steam to com- 
bustion air requires additional fuel in the furnace to 
heat the steam from the pre-heat temperature to the 
temperature of the hot gases. The net savings in the 
heat requirements of the furnace, AH is obtained by 
making energy balances for the furnace with and 
without steam. It is also equal to the difference between 
increase in enthalpy of pre-heat air because of steam 
addition and the extra heat input required to increase 
the temperature of the injected steam, from pre-heat 
temperature to the hot gases temperature. This has 
been plotted for regenerator heights from 2.5 to 7.5 m 
in Fig. 4 and for four different Aow rates in Fig. 5. The 

9 

W, : .I524 m 

W2 :.2286m I 

.6- 0 -.0381m 

Flow’ .0127 Scms L = 9.0 

.2 i , 

0 3 6 9 12 15 

-+Percent steam (x s f 

FIN;. 3. Effect of steatn injection on cooling cycle thermal 
ratios. 

WI : .1524m t 

‘- W2: .2286m 

?60 0 .038lm I 

% Flow: .01527 Scms 
\ 

0 3 6 0 12 it: 

--cPercent steam ix 5 ) 

FIG. 4. Net saving in heat requirement in the furnace for 
different regenerator heights. 

benefit of using steam would be maximum when 

d(AH)/d(zS) is zero. These graphs illustrate that : 
(i) The steam addition is most beneficial for re- 

generators with relatively greater height. 
(ii) After a certain steam addition the curves of AH 

vs XS start sloping down, and hence the steam addition 
becomes less beneficial. For regenerators of 3.5 and 

c 

i 

I 

1 
0 3 6 9 I.2 !5 

--rPercent steam (x 5 1 

FIG. 5. Net saving in heat requirement for different tlow rates. 
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t 
O- 

1 

0 , 3 6 9 12 15 
-Percent steam (x s ) 

FIG. 6. Yearly savings for different regenerator heights.t 

4.5 m height in the present example, the maximum 
values of AH is observed with about 9% steam 
addition. For 5.5 and 6.5 m it occurs at about 12% 
steam addition. 

(iii) Steam addition is more beneficial at lower flow 
rates as compared to the higher flow rates (Fig. 5). 

The above conclusions are valid when the steam is 
available entirely free of cost, from process plants. The 
steam available from process industries is mostly used 
for space heating in cold countries. In tropical coun- 
tries like India, this steam is generally unutilised and 
available free of cost. 

When steam is not available free of cost, from 
process plants, it can be generated in waste heat 
boilers. In the present analysis, the depreciation cost, 
maintenance and operating cost of the waste heat 
boiler has been considered. To generate 1 scm of steam 
about 2000KJ of heat input is required from waste 
gases coming out of regenerator. An experience from 
boiler operation suggest that the depreciation, main- 
tenance and operating cost of the waste heat boiler 
may be taken as about 30”/, of the totaf cost of fuel 
required to generate it. So to generate 1 m3 of steam in 
waste heat boiler, an expenditure equivalent to about 
600 kJ of heat input is required. This has been shown as 
dotted line A in Figs. 4 and 5. An overall net saving in 
the fuel heat in the furnace is the vertical distance 

$ One U.S. $ is approx. equivalent to Rs. 8.15 in 1981. 

between the line A and any curve above it. The portion 
of the curves lying below the line A is not at all 
economically feasible. 

Figure 6 displays the net savings in the fuel cost after 
considering depreciation, m~ntenance and operating 
cost ofwaste heat boiler as a function of steam addition 
to combustion air for various chequer heights. The 
results shown in Fig. 6 are based on the following data: 

(i) The plant is using 6Oscms air. This value is 
quite normal for a moderate size unit. 

(ii) The caforific value of the fuel is 35,600 kJ/l. 
(iii) The cost of fuel is Rs l.OO$ per litre. 
It is observed from Fig. 6 that the yearly savings in 

fuel costs work out to be in millions of rupees. It is 
also shown that as regenerator cheques heights are 
increased, the maximum savings in fuel costs are 
obtained with higher steam percentage. Thus for L = 
3.5 with 6% steam addition, maximum yearly saving of 
about 2.4 million rupees is obtained. For L = 6.5, the 
corresponding figure is 4.8 million rupees with about 
7.5% steam addition. The yearly savings in fuel costs, 
as a result of steam addition to combustion air, 
decreases rapidly by injecting steam in excess of the 
optimum value for the particular case. 

5. CONCLUSIONS 

(1) With 15% steam addition to the combustion air, 
the overall heat transfer coefficient is almost doubled 
during cooling cycle and increases by about 15% 
during heating cycle. 

(2) With the 15% steam addition, maximum matrix 
tem~rature drops sli~tly and minimum matrix tem- 
perature drops by 30%. 

(3) Non-dimensional pre-heat temperatures and 
the thermal ratios in both the periods increase with 
increase in steam addition. 

(4) The pattern of variation of non-dimensional 
pre-heat temperature does not change with the steam 
injection into the combustion air. 

(5) With up to 10% increase in steam addition to 
combustion air, the thermal ratios, during the cooling 
and heating periods, increase with the increase in 
regenerator height from 2.5 to 9 m. For all the cases 
considered, further addition of steam beyond 10% does 
not significantly improve the thermal ratios. 

(6) For maximum net saving in fuel cost, the volume 
of steam to be injected into the combustion air 
increases with increase in chequer height of the 
regenerator. 

(7) Some of gains in fuel savings are offset by 
considering the depreciation, maintenance and operat- 
ing costs of the waste heat boiler. 
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PERFORMANCE THERMIQUE DES REGENERATEURS ET RECUPERATION 
DE CHALEUR PERDUE 

R&sum&On prlsente un modtle mathtmatique pour tvaluer les performances thermlques de regenerateurs 
avec addition de vapeur dans I’air de combustion. Les tquations de base sont rtsolues par la mlthode des 
directions alterndes. On estime que pour I’addition de 15 pour cent de vapeur B I’air de combustion, le 
coefficient global de transfert thermique est doublC pendant la p&iode de refroidissement et qu’il est 
augment6 de 15 pour cent pendant la p&iode de chauffage. On calcule I’tconomie en considirant les coiits de 
fonctionnement, d’entretien et la dCprlciation de la chauditre. On montre que I'injection de vapeur est plus 
rentable pour des rigtntrateurs de longue et faible capacitt. L’optimum d’6conomie dans les dtpenses de fuel 

se situe entre 1,3 et 4,2 millions de roupies par an pour les diff&ents cas Btudits. 

DAS THERMISCHE VERHALTEN VON REGENERATOREN UND 
WtiRMERuCKGEWINNUNGSANLAGEN 

Zusammenfassung - Es wird ein mathematisches Model1 vorgestellt, das zur Vorausberechnung des 
thermischen Verhaltens von Regeneratoren dient, bei denen Dampf zur Verbrennungsluft hinzugefiigt wird. 
Din beschreibenden Gleichungen werden mit Hilfe des Approximations-Verfahrens der altemierenden 
Richtungen gel&t. Durch Zufuhr von 15”,, Dampf zur Verbrennungsluft verdoppelt sich der Gesamt- 
W%rmeiibergangs-Koeffizient wghrend der Klihlperiode und erhaht sich wihrend der Heizperiode urn 15”,,. 
Die Einsparungen an BrennstolTkosten wurden unter Beriicksichtigung der Abschreibung, der Instandhal- 
tungs- und Betriebskosten eines Abhitzekessels berechnet. Es zeigte sich, da8 Dampfeinspritzung besonders 
fiir lange Regeneratoren und fiir solche mit geringer SpeicherkapazitIt vorteilhaft ist. Die optimalen 
Nettoeinsparungen bei den Brennstotlkosten bewegen sich fiir die verschiedenen behandelten Fllle zwischen 

1,3 und 4,2 Millionen Rupien j6hrlich. 

TEflJIOBOA PEXKMM PEl-EHEPATOPOB M PEI-EHEPAUER OTPA6OTAHHOf’O TEIlJIA 

AHHoTauHa npennomena MaTeMaT&iqecKaa Monenb &‘IR pacrela len,loaoro pewtahla pereHepaTopoe 
npe no6aanemia napa K B03AyXy. uOCTynaWIWMy B 30Hy rOpeHWl. OCHOBHbIe ypaBHeHHK. OHHCbIBa- 

IOIIIUe naHHbIi? peW%M, pCWUOT0-i npH6nWcHHbIM MeTOnoM TIepeMeHHbIX HanpaBneHHti. EC-W KOnH- 

9eCTBO no6aBnneMoro K Bo3nyxy napa COCTaBnReT 15",,. BenwwHa cyMMapwor0 K03++iuWeHTa 

rennonepenoca ynsalisaeTcn npe oxnamflemill II ao3pacTaeT Ha 15”,, npB narpeeamfu. Cmigemie 
Ce6eCTOAMOCTBTO"nABa paCCWTL.lBaeTCR H3aHanH3a aMOpTH3auHOHHbIX paCXOnOB. CTOHMOCTH TCXHH- 

YeCKOrO 06CnyXWBaHWI H 3KCIlnyaTauNH KOrna. PWleTbI riOKa3blBaWT. 9TO 6onee BblrOfiHO HCnOJlbJO- 

BaTb nap B pereHepdTopax c ManoB eMKOCTbK). OnTHMa,-IbHOe CHAxeHHe ce6ecToeMocTw Tonnw3a 

COCTaBngeT OT l,3 n0 4.2 MHJIJINOHOB PyrlPiii B I-On .!InB pa3nWHblX pa3paEiOTaHHbIX BapeaHTOB. 


