
A new method for calculating the Busemann 
head coefficients for radial impellers 

W. E. Mason* 

Charts of the Busemann head coefficients which are widely used in the design 
of centrifugal pumps and compressors contain substantial errors. This paper 
presents a simplified method for evaluating these coefficients which is capable 
of giving results of high accuracy for impellers with two or more blades having 
blade angles from 10°-90 °, covering most designs of practical interest. It is also 
shown that significant error may result from the conventional assumption that 
head coefficients are independent of radius ratio for values of the solidity greater 
than 1.0; a simple method of checking the magnitude of this error is given 
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The solution obtained over 50 years ago by 
Busemann 1 for the head generated by potential flow 
through a radial impeller with blades of logarithmic 
spiral form has found wide application in the design 
and performance analysis of centrifugal pumps and 

2 - 7  9 10 compressors ' " . Busemannpresentedhls  soluhon 
in terms of two dimensionless head coefficients, ho 
and cm, which are functions of the blade angle (/~), 
the radius ratio (rl/r2) and the number of blades in 
the impeller (z). 

The evaluation of these head coefficients 
requires the summation of two infinite series which 
converge slowly for those values of radius ratio and 
blade number which are most commonly encoun- 
tered in practice. Busemann's original charts giving 
ho and Cm as functions of radius ratio with blade 
number as a parameter for six values of blade angle 
(5, 10, 20, 40, 60 and 90 °) have been reproduced by 
several authors2'3'8"l°; in other cases, data taken from 
the charts have been presented in summarized and 
simplified form 9'11A3. 

The present work was undertaken when dis- 
crepancies were found between ho values read from 
Busemann's charts and those calculated using the 
analysis given in his paper. Further examination 
showed significant errors in the curves for low blade 
numbers and low blade angles on the charts; it is 
these curves which are of particular relevance to 
pump design problems. 

Fig 1, which shows the form of a typical curve 
of ho versus radius ratio, indicates the position of these 
errors, which were found to occur at two distinct 
locations on the curve. 
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• at the steepest part of the curve (point B), where 
the error in ho approached 10% in some cases; 

• at the knee of the curve (point C), where the radius 
of curvature shown on the charts tends to be too 
small, so that ho appears to reach its maximum at 
a radius ratio that is higher than the true value. 

The second type of error evidently arose from the 
computational difficulty mentioned above; the series 
from which ho is calculated converge so slowly in 
this region of the chart that it would be impossible 

,to evaluate them accurately without the use of 
modern computing facilities. 

Corresponding errors were found to occur in 
Busemann's charts of the coefficient Cm; these charts, 
however, are not essential, as Cm can readily be calcu- 
lated directly from ho once the value of the latter 
has been obtained. 

I.c 

F i g  i 

D 

5 /rz i o 

T{cpical curve  o f  ho versus  rad ius  ratio 
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The errors in Busemann's charts, and other 
published charts derived from them, and the difficul- 
ties of interpolation for intermediate values of blade 
angle and blade number when charts of this type are 
used stimulated development of a new method to 
permit rapid and accurate calculation of ho values 
for the whole range of blade angles and blade num- 
bers of practical interest using the minimum number 
of charts. Before describing this method in detail, 
Busemann's analysis will be summarized briefly. 

Busemann's analysis 
Busemann considered potential flow through a radial 
impeller with z equally-spaced blades of constant 
width and logarithmic spiral form with blade angle 
/3. The flow was built up by superposition of three 
flow patterns: 
• a through-flow consisting of a spiral vortex rep- 

resenting the absolute flow through the stationary 
impeller; 

• a displacement flow which is the fluid motion 
resulting from rotation of the impeller at zero 
throughflow; 

• a circulation round each blade which is adjusted 
to ensure that the flow pattern resulting from the 
superposition satisfies the Kutta condition. 

The potential representing the superposed flow pat- 
tern is obtained by a conformal transformation which 
maps the front and rear surfaces of each impeller 
blade, drawn in the ~" plane, onto the entire circum- 
ference of a unit circle in the w plane (Fig 2). 

The origin in the ~" plane, located on the impel- 
ler axis, is represented by the point Wo in the w plane, 
while points wl and w2 represent the leading and 
trailing edges of the blades respectively. The value 

I /; plone w plane 

Wo • 

le' 2 

Unit 
circle 

Fig 2 Geometry o f  Busemann's conformal trans- 
formation 

of r2, the radius at the blade outlet, is taken as unity 
without loss of generality. The conformal transfor- 
mation employed is; 

(wo-w  
z l n C = l n \ ~ / + e 2 ' r l n \  - ~oo-1- ] (1) 

where 1~=zr/2-/3 and angles are expressed in 
radians. The dimensionless impeller head h is 
defined by the relation: 

h gH 
-~- 2 

U 2  

where H is the head generated, g the gravitational 
acceleration and uz the tangential velocity of the 
blades at the outlet radius. The dimensionless head 
is given by: 

h = h o - h ~  (cot/3 -cot/31) (2) 

where/3 is the blade angle,/31 the angle (measured 
with respect to the tangential direction) of the 

Notation 
For convenience, the notation of Busemann's 
original paper 1 is followed for the most part. 

a 

C m  

g 
h 
H 
ho, h, 

k 
m 
M 
N 
q 
$1, $2 

g, 
$2, Sa etc. 
U 

t) r 

1/Wo 
Head coefficient (Eq 11) 
Gravitational acceleration 
Dimensionless impeller head, gH/u~ 
Impeller head 
Head coefficients given by Eqs 3 and 
5 respectively 
Constant in Eq 15 
4 cos 2 l~/z 2 
Sl+ZS~(1-h~)/h~(Eq 17) 
Function of e and I/given by Eq 6 
Function of ~ and z given by Eq 9 
Series given by Eq 7 and Eq 8 respec- 
tively 
Euler's constant (0.577216) 
Sums of series of reciprocal powers 
Circumferential velocity of a point on 
an impeller blade 
Radial component of fluid velocity 

W 

Z 

Ol 

fl 

3, 
E 

O" 

q~ 

Complex co-ordinates in the w plane 
(Fig 2) 
Number of blades in the impeller 
Constant in Eq 15 
Blade angle measured with respect to 
the backward-pointing tangent 
zr /2-f l  
Angle in Fig 2 
Complex co-ordinates in the ~" plane 
(Fig 2) 
Function of e and 3/given by Eqs 20 
or 21 
Solidity, z In (r2/rl)/2zr cos 3~ 
Flow coefficient, v,z/u2 

Subscripts 

0 Refers to impeller axis 
1 Refers to blade inlet 
2 Refers to blade outlet 

The prime superscript (') indicates that the quan- 
tity concerned is evaluated for the special case of 
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Fig 3 (z In $1) -1 versus z for 3' = 20 ° 

absolute flow entering the impeller, and q~ is the flow 
coefficient (given by  Vr2/Uz where vre is the radial 
component  of~ the velocity of the fluid leaving the 
impeller). The head coefficient ho is then given in 
terms of the series $1 and $2 by: 

hvSx + z ( 1 -  h~)S2 
ho = (3) 

N 

hv and N are most conveniently expressed in terms 
of the parameter e. It can be seen from Fig 2 that if 
a = 1/Wo then lal = sin e/sin y. e is related to z and 
the radius ratio by: 

z In (r2/rl) = 2 cos 2 I/ 
- e )  x [2e tan 1/-  In (sin (Y+~e))] (4) 

\s in  (1/ 

Then h~ and N are given by: 

h~ - 2  sin e cos 1/ 
sin (1/+ e ) (5) 

N = exp {4 c°s2-------~Y [e tan +In (sin (1/+e))]}  (6) 
Y \ sin 1/ 

The series $1 and $2 are: 

Sl=t~o(7)(~)lal2t 
= l +m[lal  2-~ ( 1 - m z  2 lal 4 

+ ( 1 - m z  + m ) ( 4 - 2 m z  +m)lal~÷. , .] 
(7) 22(3 z) J 

$2 = ~ 1(7 ) (~)In] ~' 
l=O 

= m[lal2+ ( t - m z + m ) l a l 4  
2 

+ ( 1 - m z + m ) ( 4 - 2 m z + m ) l a l 6 + . . . ]  (8) 
22(3) 

Head coefficients for radial impellers 

where 

1 + e-2~v 
q = - -  (9) 

Z 

and 

4 cos 2 3' 
m = z 2  (10)  

For evaluating Eq (2), Busemann provides charts of 
the coefficients ho and em plotted versus radius ratio, 
with z as a parameter, where em is given by: 

Cm =ho/hv (11) 

It seems preferable, however, to make use of h~ 
directly since this is independent  of z, unlike Cm. 
Note that as the number of blades becomes very 
large, St --> 1.0, zS2 --> 0 and N --> 1.0, so ho --> hr. 

Evaluation of ho 
The method used to evaluate ho here is to approxi- 

- 1  mate the series $1 and $2 by power series in z 
which converge rapidly for those values of z which 
are of practical interest, ie for z >/2. 

The principle may be illustrated by  consider- 
ing the evaluation of $1 for the case of e = I/; this 
value will be denoted by S~. (The addition of a prime 
to a symbol indicates that the quantity concerned is 
evaluated for the case of e = I/.) 

For e = 1/, lal -- 1.0; both S1 and Sz then reduce 
to examples of the hypergeometric series and may 
be expressed in terms of gamma functions: 

S~ = zS~. = F ( l + q  +~/) (12) 
£ ( l + q ) F ( l + # )  

Note that since for e = 1/, h~ = 1.0, the value of S'2 is 
not required to evaluate h~. This expression may be 
evaluated from published tables, such as those of 
Abramov TM, but for these purposes it is more con- 
venient (see, for 15 example, Luke ) to make use of the 
relation: 

l n F ( z + l ) =  ~ (--1)k'~kzk/k (IzI<I) (13) 
k = l  

to express In (S'x) as a power series in z -1" 

= 4  cos~_______Z r~  2 4 cos 2 
3 In ( s l )  

Z 2 [ Z 

4 c°s2 1/(8 cos2 y 1)$4+" " "] (14) 
Z 

where $1 is Euler's constant, and $2, $3 etc are the 
sums of series of reciprocal powers. For z i>2, this 
series converges rapidly and can be represented 
accurately by the simple expression 

Ot p 
In (Si) = (15) 

z( z + a'k') 

where the constants a '  and k' are functions of 3'- 
Taking ~' as 4 cos z 1/($2) (= 6.580 cos 2 1/), the values 
of k' giving the best fit were obtained by linear 
regression from plots of [z In (S~)] -l versus z (Fig 
3), using values of S~ computed from Eq (12). The 
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k = 0.553-0.134 cos 3, 

dependence of k' on cos 3, was found to be given by: 

(16) 

In M = In $1 

where 

Since In (St) is approximately proportional to la[ 2 
for fixed values of 3' and z, the above procedure may 
be extended to values of e less than 3,. Now for z -* oo 
we have: 

$1 -" 1.0 

-4  C O S  2 
$2--> 2 3, ln(1-[a]  ~) (<<1) 

Z 

so for large values of z 2 the numerator of Eq (3) may 
be written: 

4cos2 ( ) 3, 1-h~ 
z ~ In (1-la12) (17) 

M = S1 + zS2(1 - h~)/h~ 

2 0  

By incorporating an expression of the form of Eq 
(15) in Eq (17) the following relation is obtained 
which is found to represent In M with high accuracy 
for z t>2: 

O~ 
z l n M = - -  

z + a k  

- 4  cos z 3,[(1 - h~)/h~] In (1 - la l  2) (18) 

Fig 4, in which the plotted points were obtained by 
direct computation of St and $2, illustrates the 
effectiveness of this method of representation. 

Eq (18) may then be put in the form: 

o/ 
z In (ho /h , )  = - - -  0 (19) 

z + a k  

1,0 

± 

~1~ ~o- 

;,, = 2 0 *  

I I I I I I I I I 
2 4 6 8 I0 12 14- 16 18 20 

2" 

[ ]' Fig  4 z In M +4 cos2 ~l In (1 -  lal 2) versus 

z f o r 3 " = 2 0  ° 

where O is a function of e and 3, most readily obtained 
from: 

0 = z In (r2/rl)4 2 cos e cos 3,in ( l_]al  2) 
lal 

(for lal< 1 ) ( 2 0 )  

0 = o' = 4 cos 2 1,[In (2 cos 3') + 3' tan 3"] 

(for lal= 1) (21) 
Eq (19) provides a convenient approach for the 
calculation of ho, since the quantities h,, 0, and k are 
functions of e and 3' only. The procedure is therefore 
much simpler than that for the exact calculation, 
which requires the series Sx and $2 to be evaluated 
for each value of z. 

The values of a and k for use in Eq (19) are 
obtained from charts of a l e '  versus I~12 and k/k' 
versus h~ (reproduced in Figs 5 and 6 respectively) 
prepared by linear regression of plots such as that 
shown in Fig 4, the values of M being obtained by 
direct computation of S1 and $2. The value of a must 
be determined with greater precision than is possible 
using a small-scale reproduction such as that given 
in Fig 5, and for this purpose the curve for a may 
be represented by Eqs (22) or (23) for the ranges of 
lal ~ indicated; values of the coefficients cl, c2 etc in 
Eq (23) are shown in Table 1. 

c~/~'= 1-2.06(1-1al2) 6e9 (1.0~1al2~>0.95) (22) 

--¢,lal + c 2 1 a  4 6 8 ~ / ,  2 I +c31al +c41al 

(0.95~> [a[2~>O)(23) 

In Fig 6, separate curves are required for the ranges 
of 3' shown for values of h~ greater than 0.78; for 
30 ° > 3" > 20 ° interpolation is required. Eq (24) holds 
for all values of y when hv is less than 0.78: 

k /k '=  2.664- 1.760h~ (hv <0.78) (24) 

0.5 

O' 

F i g  5 

0.5 1.0 

l a l  ~ 

a / a '  as a f u n c t i o n  o f  a 
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h, 

1.5 

Fig 6 k/k'  versus h~ 

To summarize, the procedure for calculating 
the Busemann coefficients ho and h~ for an impeller 
of given geometry is: 
1. Calculate the value of z In (r2/rx) for the impeller. 
2. Obtain the corresponding value of e. Except for 

the case of radial blades (3' = 0 °) this requires a 
trial-and-error calculation, since Eq (4) cannot be 
made explicit in e. A first estimate of e may be 
obtained from Fig 7 which gives lal as a function 
of the reciprocal of the solidity, o', with 3' as a 
parameter. (Solidity, (r, is defined by o '= 
z In (r2/rl)/27r cos 3'.) For values of lal less than 
0.7, the following approximation is useful: 

e=tanT tanh(Z ln~2 / r l ! ) ( rad ians )  (25) 

3. Calculate a '  (a'  = 6.580 cos 2 1') and obtain k' from 
Eq (16). 

4. Obtain the value of a/c~' from Eq (22) or (23) as 
appropriate and k/k' from Fig 6, 

5. Calculate O from Eq (20), and then obtain ho from 
Eq (19). 

For the case of ~ = 3", h~ = 1.0 and ho = hl, or' 
and k' are calculated as in step (3) above, and 6 is 
obtained from Eq (21); ho is then given by: 

O/t 
z l n h i = - -  O' (26) 

z +a'k '  
For radial blades the procedure is simplified, since 
e = 3" = 0 °, so that lal and hv may be obtained directly 
from: 

(l+lal  
z In (r2/rz) = 2 In \1 - - - ~ )  (3" = 0°) (27) 

hv= 21al 
l+lal (3" --0 °) (28) 

Table  1 Va lues  of the  coeff ic ients  for  Eq (23) 

Range of lal 2 cl c2 cz c4 

0.951>1al 2~>0.80 -7.4862 29.3373 -36.6756 15.7383 
0.80~> lal2~>0.50 -0.0733 2.0938 -3.3230 2.1372 
0.50/> l a 12 ~ 0 0.2848 0.2938 -0.5071 0.8406 

Head coefficients for radial impellers 

j y=60* 

0.9- 

o .s -  

0.7- 

06 I I I 
0 1.0 

O'-I 

Fig 7 lal versus -t with !/as a parameter 

2.0 

ho is then obtained by carrying out steps, 4, 5 and 6 
as above. 

A c c u r a c y  o f  t h e  m e t h o d  

Comparison of the approximate values of ho calcu- 
lated by the above method with the exact values 
obtained by summation of the series S1 and $2 
showed excellent agreement; the difference between 
the two sets of values did not exceed 0.25% for 
impellers with two or more blades having values of 
3" between 0 ° and 80 ° (ie blade angles from 90 ° to 
10°). Table 2 shows values for some representative 
cases, and also includes the corresponding values 
read from Busemann's charts for comparison. 

The points for which data are given in the table 
lie close to the knee of the curve of ho versus radius 
ratio. In this region, which is of particular relevance 
to pump design, the Busemann charts are most liable 

Table  2 Va lues  of ho obta ined  by 
var ious m e t h o d s  

Radius ratio, Values* of ho 
rl/r2 

a b c 

y =O°,z =8 
0.400 0.758 0.758 0.77 
0.479 0.750 0.750 0.77 
0.534 0.740 0.739 0.75 
0.577 0,726 0.726 0.74 
0.615 0,710 0.710 0.71 
1' = 70 °, z = 2 
0.364 0.560 0.561 0.60 
0.400 0,538 0.538 0.58 
0.429 0.515 0.515 0.56 
0.472 0.477 0.477 0.49 
1' = 80 °, z = 4 
0.765 0.758 0.758 0.73 
0.781 0,674 0.674 0.61 
0.799 0.566 0.566 0.51 
0.828 0.419 0,419 0.41 

.* a, Exact values from sums St and $2; b, Values 
f rom Eq (19); c, Values from Busemann's charts 
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to error and the series S1 and Sz converge so slowly 
that several thousand terms must be taken for accurate 
evaluation. 

L i m i t i n g  so l id i ty  

The coefficient ho reaches its maximum value of h l  
at a radius ratio of zero, corresponding to infinite 
solidity for a finite number of blades, and remains 
very close to this maximum for low radius ratios (Fig 
1). The location of the point at which ho/h'o begins 
to fall significantly below unity (point D in Fig 1) 
is a matter of some importance in pump design calcu- 
lations. From an analysis of Busemann's charts, 
Wislicenus 2 concluded that this point is at a radius 
ratio corresponding to unity solidity, ie at rl/r2 = 
exp (-27r cos "y/z), and that for all solidities greater 
than this limiting value the ratio ho/h'o may be taken 
as unity with negligible error, leading to major 
simplifications in calculations. Wislicenus' con- 
clusions have been adopted by most subsequent 
workers; in some cases it has been argued that a 
slightly higher value should be used for the limiting 
solidity, such as 1.1 or 1.3 instead of 1.0 9-14. 

A re-examination of the data, taking into 
account the corrections made in the present work, 
shows that the limiting solidity varies somewhat 
with the values of 7 and z ; data for the case of 7 = 70 ° 
are shown in Table 3. A similar pattern of variation 
is found to exist for other values of ,/. 

It is clear from Table 3 that substantial errors 
may result if the limiting solidity is taken as 1.0 
following Wislicenus, particularly at high blade 
numbers. The error increases with increasing z up 
to a maximum, the value of which may readily be 
found for any desired solidity by the use of Eq (19) 
as follows. For the case of e = % we have 8 = O' and 
h, = 1.0; then it follows that: 

In (ho/h~) = In h, 

l [8_O, ÷ __a' ~ ] 
z z + a ' k '  z +ozk (29) 

from which it can be seen that for large z : 

ho/h~ = h~ (30) 

This gives the upper limit of the error arising from 
the assumption that ho = hl for the value of the solid- 
ity corresponding to h,: eg for the case of 3/= 70 ° and 
cr = 1.0, h, = 0.9340 and therefore the upper limit of 
the error is 6.6%, which is slightly greater than the 
value of 6.2% for z = 20 as shown in Table 3. 

Table 4 shows the values of solidity at which 
h, = 0.99 for varous values of 1/; when the solidity of 
an impeller exceeds that given in the table for the 
value of 1' concerned, ho will be within 1.0% of hl  
for all blade numbers. 

It can be seen that for solidities greater than 
1.5, as is usually the case with centrifugal pump 
impellers, the assumption that ho = h l  will be reason- 
ably accurate in all cases. For solidities less than 1.5, 
eg impellers with few blades and large radius ratios, 
Table 4 or Eq (30) will indicate whether this assump- 
tion is acceptably accurate or whether it is desirable 

Table 3 Errors related to l imit ing solidity 
assumptions for 1' = 70 ° 

Blade n u m b e r ,  % er ro r  in tak ing  Va lue o f ~ f o r  
z ho = h l  fo r  ~ = 1.0 wh i ch  h o / h ' o  = 

0.99 

2 2.8% 1.09 
4 4.2% 1.15 
8 5.1% 1.20 

12 5.6% 1.21 
20 6.2% 1.22 

Table 4 Solidity values 
for hv = 0.99 

~ for hv =0.99 

0 ° 1.47 
10 ° 1.46 
20 ° 1.45 
30 ° 1.43 
40 ° 1.40 
50 ° 1.36 
60 ° 1.31 
70 ° 1.23 
80 ° 1.13 

to undertake the slightly longer calculation required 
to evaluate ho directly. 

Csanady 11 gives a chart for the evaluation of 
h l  based on Busemann's data, and this is reproduced 
by Ferguson 9 and Dixon m. It should be noted that 
this chart is not accurate for high values of h l ;  the 
curve for hl  = 0.90, for example, gives a value of z 
about 11% low for a blade an~le of 30 °. The chart 
given by Sabersky and Acosta also contains some 
inaccuracies at low blade angles. As an alternative 
to the use of these charts, the required values can 
readily be obtained by the use of Eq (19). 

C o n c l u s i o n  

The approximation technique described in this paper 
provides a convenient and accurate method of calcu- 
lating values of the Busemann head coefficients for 
radial impellers with two or more blades and blade 
angles from 10 ° to 90 °, ie over the whole range of 
these variables likely to be encountered in practice. 
It gives results in close agreement with those 
obtained by the exact calculation while being much 
less cumbersome to use than the latter, which 
requires the slowly-converging series S1 and $2 to 
be evaluated separately for each value of blade num- 
ber and blade angle. Evaluation of the head 
coefficients from Busemann's charts or the other pub- 
lished charts derived from them is unreliable for low 
blade numbers as a result of the errors in the original 
publication and the difficulties of the interpolation 
usually required. The method described is par- 
ticularly convenient when it is necessary to examine 
the effect of small changes in blade angle, as in the 
technique for evaluation of pump model test data 
developed by Nixon and Otway 7. 
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BOOK REVOEW$ 
Thermal Energy Storage 
Ed. G. Beghi 
(Lectures of a Course held at the Joint Research Centre, Ispra, Italy, June 1981) 

I am somewhat  cynical  about  pub l i shed  ' summer  
course '  Proceedings  wh ich  are expens ive  to buy  and 
usual ly  conta in  a 'mixed bag of goodies ' .  These  Pro- 
ceedings  are no different;  too many  of the papers  
have the air of d6ja-vu and seem no more  than  non- 
critical,  somewhat  superficial  overviews of the work 
of others,  perhaps  were  only  wri t ten  as a means  of 
ob ta in ing  travel funds  to a geographica l ly  more  
in teres t ing locat ion than  the author ' s  domici le .  

There  is the usual,  expec ted  coverage:  storage 
of sensible  heat  and of latent  heat; storage by  
chemical  and  by  physical  means;  distr ict  heating;  
materials for  heat storage; work ing  fluids for heat  
transfer;  and a d iscuss ion  of where  the heat ( thermal 
energy)  sources are. 

Of all 18 papers  in this 506 page volume,  I 
f ound  the fo l lowing  papers  of value  and wor thy  of 
ment ion:  
• Abhat:  L o w  tempera ture  latent  heat  thermal  

energy storage. This  contains  a d iscuss ion of the 
ideal proper t ies  of appropr ia te  materials  and a 
rev iew of what  is actual ly  available,  of the experi- 
mental  t echn iques  used for de te rmin ing  their  ther- 
mal propert ies ,  and of the p rob lems  that arise, as 
a consequence  of low thermal  conduct iv i ty ,  in 
heat  exhanger  const ruct ion.  

• Van Velzen: Chem i ca l  heat  pipes.  These  use the 
b o n d  energies of revers ible  chemica l  react ions 
( inc luding thermal  dissociat ion)  that are endother-  
mic for charg ing  and exothermic  for discharging.  
Al though sensible  heat losses du r ing  t ransporta-  
t ion are avoided,  there  are avai labi l i ty  and  separ- 

at ion,  losses that, co m b in ed  with over-r iding 
economic  factors, give unaccep tab ly  low 
efflciencies. 

• Tabor: Short  and  long term storage in solar ponds. 
A theoret ical  analysis of bo th  short and long term 
storage in the suppressed,  ie non-conver t ing ,  pond  
us ing p o n d  bo t tom storage a l lowing for heat trans- 
fer be tween  p o n d  and ground.  

• Wood: Thermal  energy storage fo r  recovery  o f  
industr ial  waste  heat, This  contains  a useful  
review of the industr ia l  scene wi th  respect  to waste 
heat sources: work ing  fluids, t empera ture  levels 
and tempora l  mis-match  of supp ly  and demand .  
Specific cons idera t ion  is given to the energy  
profiles of e leven industr ies  and their  potent ia l  
for waste heat recovery  us ing ei ther  h igh tem- 
pera ture  regenerators ,  steam accumulators  or hot  
water  storage. 

• Gi l l i /Beckmann:  Thermal  energy storage fo r  
Peak ing  P o w e r  Generation. An interes t ing over- 
v iew of us ing steam accumula tors  for subsequen t  
steam generat ion or feed water  heating,  or both,  
in the steam turb ine  cycle or compressed  air 
energy  storage for use in gas turbines .  Surpr is ing 
omiss ion of key references,  

• Hadv ig:  Transmiss ion  o f  heat us ing  hot water  
pipes.  Essent ia l ly  a theoret ical  analysis of heat 
losses f rom district  hea t ing  p ipeworks ,  wi th  bo th  
s imple and complex  ne twork  geometry,  as a func-  
t ion of their  insulat ion and the annual  variat ion 
of the surface t empera tu re  of the ground.  In addi- 
t ion economic  considera t ions  of cons t ruc t ion  
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