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Heat Storing Capacity of Boiler* 

くReceivedOctober 10， 1953) 

Ichimatsu T ANISHITA糾

Abstract 

4 It was obtained the general energy equation for evaporating 

system such as a boiler. Using this equation， the heat storing 

capacity of boi1er from the data of the steam table of the Japan 

Society of Mechanical Engineers was calcurated， and it was compared 

this results to that of Schroeders. 

1. Introduction 

In the evaporation system， such as a boi1er， it is filled with partly saturated 

liquid and partly saturated vapour. If the vapour is taken out of the vessel， the 
pressure decreases and new vapour is generated by its own thermal capacity. The 

quantity of vapour generated in this case in Ckg) when the pressure decreases by 

1 kg/cm2 is cal1ed “heat storing capacity" of the evaporating system. 

To know the values of storing capacity is very important problem in the ata.to-

matic controles of boiler. Formerly its values is obtained only approximately，1)2)S) 

so 1 have tried to find it by exact calcuration. 

11. General Energy Equation 

for Boiler 

In Fig. 1， A is the vessel in which the 

saturated liquid and vapour coexist， for in-

stance it is the boi1er proper in the case of 

boi1er. We consider that a certain rate of 

feed water and heat was suppIied to the 

vessel， and another rate of steam was taken 

out of it. To get the general energy equation 

of the system， we wi11 take the n.otations as 

fol1ows: 

HEAT 

Q (w1jゐ

Fig.1 
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volume of water space in (m3), 

ditto of steam space in (m5
), 

= total volume in the vessel in (m3), 

sum of weight of water and steam in the vessel in (kg), 

rate of heat supply to the vessel in (kcal/s), 

rate of supply of feed water in [kg/s), 

= rate of taking out of steam in [kg/s], 
sum of energy stored in the vessel in (kcal), 

= heat capacity of the vessel wall in [kcal), 

= weight of the vessel wall in (kg), 

= specific heat of the vessel wall in [kcal/kg oC), 

= temperature of the vessel wall in (°C), 

ratio of contribution of the heat capacity of the vessel wall 
to the sum of energy of the water and steam in the vessel, 

latent heat of vaporization in [kcal/kg], 

= specific volume of saturated water in [m3/kg], 

= ditto of dry saturated steam in [m3/kg], 
= internal energy of the saturated water in [kcal/kg], 
= ditto of dry saturated steam in [kcal/kg], 

= enthalpy of dry saturated steam in [kcaljkg], 

= ditto of feed water in [kcal/kg], 
= pressure in the vessel in [kg/m2

], 

= ditto in (kg/cm:a] , 

= time in (s], 

= thermal equivalent of work = 1/427 [kcal/kg m). 

We may assume the magnitude of V o, Gt, c, is constant, but other quantities 

are variable with the time. The height of the vessel, in the case of modern 
water tube boiler, may be about 30 m or more, therefore the pressure and the tem­

perature of the water in the vessel may be vary with the position, but we assume 

these are constant throughout the vessel. Also we assume the flowed out steam 
is dry saturated, though it may be somewhat wet. 

Then the sum of weight of water and steam in the vessel is 

V' V" G=----+--
v' v'' 

....................................... ( 1) 

The sum of energy stored in the vessel is 

E=-u_:_ V' +~V" 
v' v'' 

The total volume in the vessel is 

.............................. ( 2) 

Vo = V' + V" ............................................. ( 3) 

The rate of increase of the total weight in the vessel is equal to the difference 

(' 2 ). 
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of the weight of supplied water and that of flowed out steam per unit time. Or 

we have 

.......................................... ( 4) 

The rate of increase of the sum of energy in the vessel and the contributed heat 

capacity of the vessel wall is equal to the difference of supplied energy and taken 

out energy per unit time, therefore we have. 

d(lf__+_cpE,_)_ = Q t-- G . dz - ,., z1~ G 
.,, 

- sZ (5) 

The heat capacity of the vessel wall is 

E, = Gt c, t1 · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 6 ) 
Eliminating V', V'', E and Gs from eq. (1},-(5), we have 

~~ = ~ qU'~~~L+--~ ;z(-u~~~u;, ) 

+ -}- d( ~Z Ct ti) + _ _§_zA£~X-;)-(}__ . . . . . . . . . . . . . . . . . . . . . . . . . . . ( 7 ) 

where 

X= APv''+ v"( u" -u' ) rv" 
V--, 1 ~-Vi - =-l)'T::_VT ........................... ( 8) 

If we put 

g=G/Va, ..................................................................... ( 9) 

g is the sum of weight of saturated water and steam per unit volume (in kg/m3 ) 

in the vessel. Using eq. (9), eq. (7) may be written as follows: 

dg _ g d(i"-X) 1 d ( u''-u' ) 
~--x_ dp + X dp v" -v' 

1 d(Gicdi) E_£ + Gw(i" -z"w)-Q dz 
+ XVa dz dp XVa dp 

............... (10) 

The eq. (7) or (10) is the most general equation for the boiler or evaproating 
system in general. 

III. Heat Storing Capcity of Boiler 

In the ideal case of no heat capacity of the vessel wall and equilibrium state 
of inflow and outflow energy of the vessel, we can negJect the 3rd and 4th terms 
in the right side of eq. (10). Namely 

dg _ 1 d(i"-X) 1 d ( u''-u_ ') dp- X -.{ip--g + X {[ji v" -v' 
........................... (11) 

The coefficient of g in the 1st term and the 2nd term are the function of the pres­

sure only, therefore this equation is normal linear differential equation of the first 

order. The left side of this equation gives heat storing capacity of the boiler. But 

the values of the reciprocal of it is more useful for practical case, so I have 

( 3 ) 
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calcurated the values of dpjdg from eq. (11) using the new steam table of the 
Japan Society of Mechanical Engineers. This results is shown in Table 1 and Fig. 

2. The full line curves in Fig. 2 show the value of dpjdg, or the pressure 

( 4 ) 
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Table 1. Values of dpjdg 

depression in Cat] when 1 kg of steam was newly generated by self evaporation 
for g = 1000, _900, .800, 700, 600 and 500 kg/m3, respectively. While, the dotted 

line curves show the pressure depression in (at] when the water vaporizes by 

1/1000 of its original quantity, or g/1000 kg. The chain line curve indicates, for 

comparison, the values of dpfdg given by Schroeder.(l) At the higher pressure 

range, above about 40 at, the difference of the calcurated values in this case 

to those of Schroeder-a is very large. I think this cause is due to the fact that 

some of the basic equations of Schroeders, corresponding to eqs. (1}-,(5), are only 

approximate one. 

---~~ ~~---~~ -~~- ~~-~------ -----~--~--

1) cf. the foot note (3) on p. 1 

( 5 ) 


