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H E A T  E X C H A N G E R S  F O R  U T I L I Z I N G  S E C O N D A R Y  

E N E R G Y  R E S O U R C E S  

t3. M. S t o o l '  s k i I  a n d  L .  L .  V a s t l ' e v  UDC 621.8.036.004.18 

In our  country,  ~2 bi l l ion  tons of conventional  fuel a r e  consumed and a lmos t  350 mil l ion Gcal are  d i s -  
charged  into the a i r  as a r e su l t  of the combust ion of this  fuel.  Twen ty - s ix  pe rcen t  of the fuel ex t rac ted  is spent 
p rov id ing  heat  for  r e s i d e n t i a l  and publ ie  bui ld ings .  Some 63 mi l l ion  GeM are  used for  a i r -cond i t ion ing  bui ld-  
ings.  In England, 30 mi l l ion  tons of w a t e r  a r e  evapora t ed  e v e r y  y e a r  in indus t ry ,  for  which 74 �9 109 kJ of energy  
a re  consumed.  In the USA, ene rgy  consumpt ion by indus t ry  is  9 �9 10 i5 k J / y r  and 20% of this  ene rgy  en te r s  the 
a tmosphe re  v ia  the exhaust  ga se s .  The u t i l iza t ion  of th is  20% gives a savings of 4 b i l l ion  do l l a r s  [1-3]. 

Accord ing  to data p rov ided  by the Oak Ridge National  L a b o r a t o r y  in the USA, the amount of heat  e jec ted  
Into the a tmosphe re  by s ix  i ndus t r i a l  concerns  in the USA, at a t e m p e r a t u r e  not g r e a t e r  than 100~ is 6-10 ~s 
k J / y r ;  3.3" 1015 k J / y r  at 100-250~ and, 3.4 �9 1015 k J / y r  at 250-1800~ The re fo re ,  9.3 �9 1015 k J / y r  a re  used 
at a t e m p e r a t u r e  level  not exeeeding 250~ Seventy pe r c e n t  of the heat  p roduced  by a nuc lea r  power  plant  must 
be used  with coo l ing -wa te r  t e m p e r a t u r e  equal  to 18-20~ during the win te r  and 35-40~ during the s ummer .  

Secondary  energy  r e s o u r c e s  can be used  to heat  a l r  (gas), i n c r e a s e  the t e m p e r a t u r e  of s team,  and to heat  
wa te r  (fluids).  

The bas ic  sou rces  of s econda ry  ene rgy  r e s o u r c e s  a re :  gases  exhausted by indus t r i a l  concerns ,  whleh a re  
often contaminated  with dust containing n i t r i c  oxides ,  sulfur ,  carbon,  etc. ;  exhaust  a i r  f rom d r y e r s ,  b a t h -  
l aundry  combines ,  e tc . ,  with a l a r g e  quanti ty of s team;  s t e a m  of tu rb ines  in t h e r m a l  e l e c t r i c  power  s ta t ions  
(dry cooling towers ) ,  and wa te r .  The ocean,  ve ry  deep l a y e r s  of the ear th ,  and the sun can be viewed as  low- 
leve l  ene rgy  r e s o u r c e s .  

Tables  1-4 i l l u s t r a t e  the su i t ab i l i t y  of using low- leve l  s t e a m  and gas mix tu re s ,  which r e p r e s e n t  the ex-  
haust  vent i la t ion  a i r .  

Table  1 shows the heat  and m o i s t u r e  ind ica to r s  of bui ldings (audi tor iums,  movie t h e a t e r s ,  pa l aces  of 
cul ture ,  d u b s ,  etc .) ,  in which the re  a r e  a l a rge  number  of people .  In this  ease ,  the exhaust  vent i la t ion a i r  
contains heat,  which fo rms  as a r e su l t  of the ac t iv i ty  of people  [4]. The re  is enough such heat  to heat the out-  
side a i r  en te r ing  the bui lding at a r a t e  of 20 m3/h by 22~ (the s o - c a l l e d  min imum public  health no rm for  f r e sh  
a i r  [5]), which allows n o r m a l  human act iv i ty .  

Table  2 gives the heat and m o i s t u r e  c h a r a c t e r i s t i c s  of bui ldings of some concerns  p rov id ing  genera l  public  
s e r v i c e :  l aundr ies  and baths [1]. It is evident  f rom the table  that  the l a rge  quantity of heat  in the exhaust  ven t i l -  
ating a i r  can be used  succe s s fu l l y  for  heat ing the incoming a i r  during cold p e r i o d s .  

TABLE 1. Heat and Mois ture  Ind ica to r s  of Publ ic  Buildings with 
L a r g e  Number  of Peop le  [1] (a cold t ime  of the year )  

Auditoriums 

INumbrof 
sources Total No. 

ture ~- .~ = = 

Parameters ot ~ �9 ' 9  
exhaust air 

. = ~  o = 

o ~. = o  

Theaters People I 1500 
Movie theaters ]People I 1000 
'Clubs, palaces of IPeoplel 800 

culture, and other ] 
buildings | 

1500 188 
1000 125 
800 100 

60 30 
40 20 
32 16 

20 60 
22 50 
20 60 

10,19 
10~42 
10,19 

20 
20 
20 
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TABLE 2. 

Gene ra l  P u b l i c  Se rv ice  (cold t i m e  of the year)  

Laundries with output of dry 
laundry per shift 

Heat and moisture indicators 500 kg . lO oookg ~5 o00kg 

~o , ~ ~ .~o  ~ 
~.-~ 1 . ~ . ~ [ . ~ o  , . ~ o , . . ~ o  .~ , ~,.,~.~ ,~..., [.~.~.~ 

H e a t  and  M o i s t u r e  I n d i c a t o r s  o f  S o m e  C o n c e r n s  P r o v i d i n g  

o 
g l ,  
o 
o 

r-t  

%-t 
r~ 

,l:z~ 

Quantity of heat, 10 s keal/h 
Quantity of moisture, kg/h 
Amount of air removed from the build- 

ing, 103 m3/h 
Temp. of air removed, ~ 
Rel. moisture content of air removed, 

07~ 
gnthalpy of exhaust air, kcal/kg 

Quantity of air removed by local 
pumps, 10 ~ mS/h 

Temp. of exhaust air, ~ 
Rel. moisture content of exhaust air, 

o7o 
Enthalpy of exhaust air, kcal/kg 

Plant outfitting 

t 
12500( 278 [ 250 

72 179 144 
42 26 84 

27 30 27 
75 75 80 

17,1 :0,63 

3,5 15,3 

40 I 70 100 90 

40,31 171,37 

556 
358 
52 

30 
80 

17,1 :0,63 

7 31 

40 ~ 70 
I00 90 

40,35 71,31 

375 
216 
126 

27 
75 

17,1 

lO ,5 

40 
lOO 

40,31 

634 
537 
78 

30 
80 

20 ;63 

45,9 

70 
90 

171,37 

151 
137 
9 

25 
75 

15,76 

TABLE 3. Heat and Mois tu re  I n d i c a t o r s  of Bui ld ings  for  Hous ing  

A g r i c u l t u r a l  A n i m a l s  (cold p e r i o d  of the year)  

Building for housing 

Heat and moisture large hogs, 1200 500 
indicators [cattle, 1500 ~ai~es. 

f 
head head 

1 O0 chickens, 
sheep, 0 100,000 
head head 

Sources of heat and mois- 
ture, by weight 

Quantity of excess heat, 
kcal/h 

Quantity of moisture, 

Q~R~hty of air removed 
from the building,mS/h 

Temp. of air removed, ~ 

Rel. moisture content of 
air removed, % 

Enthalpy of air removed, 
kcal/kg 

Public health norm for 
fresh air, mS/h 

to 500 kg 

1380 

686 
127 

15 

70 

8,16 

85 

to 200 kg 

442 

210 
48 

16 

75 

9,1 

4O 

to lOOkg 

98 

60.5 
l0 

16 

75 

9,1 

2O 

to 60 kg 

145 

78 
12 

18 

75 

10,33 

12 

I to 1,8 kg 

44 

175 

30 

16 

70 

8,77 

3,0 

Tab le  3 s u m m a r i z e s  the heat  and m o i s t u r e  i n d i c a t o r s  of bu i ld ings  for  hous ing  a g r i c u l t u r a l  a n i m a l s  [1]. 
In sp i te  of the low t e m p e r a t u r e  of the ven t i l a t i on  a i r  exhaus ted ,  it is p o s s i b l e  to use  it  to heat  the i n c o m i n g  a i r  

du r ing  the cold pe r i ods  [6]. 

The l i b e r a t i o n  of heat  in  e n c l o s u r e s  hous ing  l a r g e  cat t le ,  p e r  s ing le  a n i m a l  with weight  up to 500 kg, is 
such that  when it is c o m p l e t e l y  used,  it is  p o s s i b l e  to heat  the n o r m a l i z e d  quan t i ty  of i n c o m i n g  a i r  by ~30~ 

Tab le  4 p r e s e n t s  the heat  and m o i s t u r e  i nd i ca to r s  of some  i n d u s t r i a l  bu i ld ings  [1]. The  t ab le  shows the 
exped iency  of us ing  the exhaus ted  ven t i l a t i on  a i r .  Thus ,  the ope r a t i on  of two p a p e r  m a k i n g  m a c h i n e s  wi th  an 
output of 20 tons  of p a p e r  p e r  hou r  invo lves  l i b e r a t i o n  of 6 m i l l i o n  k c a l / h  and 42 t o n s / h  of m o i s t u r e  in the 
f o r m  of s t eam,  and t o g e t h e r  with 935,000 m3/h of a i r  is  r e m o v e d  f r o m  the bu i ld ing .  The  p a r a m e t e r s  of the 
exhaus ted  ven t i l a t i on  a i r  a r e  as fol lows:  t e m p e r a t u r e  60~ r e l a t i v e  m o i s t u r e  conten t  70?0. 
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Exhaust air, 
outlet 

Heatedair, ~ ~ Arm. air, 28*C, 

Heated air, 82~ 
/ [ Z outlet 

Fig.  1 Fig.  2 

Fig.  1. Rotat ing r e g e n e r a t o r  with hor izonta l ly  posi t ioned wheel:  
1) hot gas; 2) cold a i r .  

Fig. 2. Rotat ing r e g e n e r a t o r  with ve r t i ca l ly  p laced wheel:  1) 
f i l t e r -pu r i f i e r ;  2) heat  exchanger;  3) moto r .  

L j 
i , ] 

Fig. 3. Static r egene ra to r :  1) hot gas; 2) 
cold a i r .  

Of the sources  of energy  indicated above, specia l  attention should be given to exhaust  gases  and s team,  
whose energy  can be uti l ized mos t  economica l ly  at the p r e sen t  t ime ,  although the potent ia l  poss ib i l i t i es  of o ther  
f o r m s  of secondary  energy  r e s o u r c e s  also de se rve  attention. In o r d e r  to ut i l ize them,  appropr ia t e  h e a t - e x -  
change s y s t e m s  are  n e c e s s a r y .  

The following fo rms  of heat  e x c h a n g e r s - u t i l i z e r s  a re  well  known: 1) rotat ing r e g e n e r a t o r s ;  2) s tat ic  
r e g e n e r a t o r s  in the fo rm of a t tachments ;  3) sheet  r e g e n e r a t o r s ;  4) sheet r e c u p e r a t o r s ;  5) tubular  r e cu p e ra to r s ;  
6) r e c u p e r a t o r s  with in te rmedia te  heat t r a n s f e r  agent; 7) heat pumps;  8) mu l t i ehamber  (power) heat exchangers  
with in te rmedia te  heat t r a n s f e r  agent; 9) s ta t ic  heat  exchangers  on heat p ipes ;  10) cent r i fugra l  heat exchangers  
on heat p ipes  [2, 3]. 

A compara t ive  analysis  of the i r  advantages  and disadvantages  p e r m i t s  choosing c o r r e c t l y  the heat  ex-  
c h a n g e r - u t i l i z e r  for  any specif ic  case .  

Regene ra to r s .  Rotat ing and stat ic  r e g e n e r a t o r s  a re  used in engineer ing.  Rotat ing r e g e n e r a t o r s  a re  used 
in heating and a i r  conditioning s y s t em s ,  for  drying p a p e r  and tex t i les .  They not only p e r m i t  r ecove r ing  heat,  
but also mois tu re .  The ro t o r s  of such heat exchangers  a re  usual ly  made of a luminum pla tes ,  b ra ided  wi res ,  
and c e r a m i c  p la tes .  Aluminum foil, covered  by an oxide layer ,  abso rbs  m o i s t u r e  well  and p e r m i t s  r ecover ing  
it. The ro tors  are  usual ly  rota ted by e lec t r i c  moto r s  with power  not exceeding 0.5 kW. F igures  1-3 show the 
p r e s e n t l y  mos t  widely used types  of rotat ing r e c o v e r y  heat exchangers  (RRHE). In the heat  exchanger  (Fig. l), 
the r o t o r  is made in the f o r m  of a hor izonta l ly  rota t ing wheel  made of a luminum thin-wal led cyl inders ,  covered  
with AIfO ~. When hot and cold gases  pa s s  through the gaps between the cyl inders ,  heat  and m a s s  t r a n s f e r  takes  
p lace  between the wall  and the gas.  Due to the absorb ing  capabi l i ty  of A1203, it is poss ib le  to d ry  and mois ten  
gas .  The use  of  hygroscopic  m a t e r i a l s  to make the ro to r s  p e r m i t s  using both the enthalpy of the hot gas and 
the latent  heat of the phase  t rans i t ion  of wa t e r  o r  o ther  fluids.  

Let  us wr i te  the different ial  equation for  the balance of heat for  checkerwork  in the f o r m  a packet  of 
cyl inders  

a A  (/g - -  t) dxd~  = CchMch d x  Ot d'~ 
O~ 
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z 
tz ~z 

t 1 
Fig. 4 Fig. 5 

Fig. 4. P la te  recupera tor :  1) hot gas; 2) cold air .  

Fig. 5. Tubular recuperator: I) hot gas; 2) cold air. 

and for the hea t - t r ans f e r  agent, respect ively,  

a A  (t - -  tg) dxd~ = pcVdx 8tg ~ d~ -[- cmd~ Otg dx, 

where A is the pe r ime te r  of the heat exchange surface;  M, mass  of the checkerwork per  unit length; c, specific 
heat capaci ty  of the checkerwork.  

The optimum rate of rotation of the wheels is 10-20 rpm. Depending on the usable heat flux, the diam- 
e ter  of the wheel can be 0.5-15 m, while the thickness can be 200-1000 ram. RRHE with ver t ica l  wheels,  util iz- 
ing heat fluxes up to 600 mW, are  used in large thermal  e lectr ic  power plants.  The utilization efficiency of 
RRtIE can be 80%. 

In addition to their  advantages,  RRHE have a number of disadvantages associated with their  use:  1) high 
drag of the checkerwork;  2) flow of par t  of the hot gas into the cold gas and vice v e r s a  (up to 20%); 3) impos-  
sibili ty of using large p r e s s u r e  differentials between the hot and cold gases;  4) difficulty in cleaning dust ~nd 
other contaminants f rom the checkerwork  which great ly  increase  the drag of the checkerwork; 5) p resence  of 
an additional drive for  rotating the rotor ,  etc. 

Static r egenera to r s  (Fig. 3) have a s ta t ionary porous  checkerwork through which hot and cold hea t - t r ans -  
fer  agents are  passed  al ternately.  Porous  glass,  brick,  metall ic  plates,  Rashlg rings, etc.,  are  used as the 
checkerwork mater ia l ,  which has a high hea t - s to rage  capability. Static regenera tors  compared to RRHE (7 = 
60-70%) are  less  efficient and have the same disadvantages.  They are  used mainly in industry (dryers  for 
paper ,  textile, cardboard,  etc.) at moderate  and high t empera tu re s .  

Recupera tors .  At the p resen t  time, plate and tubular  r ecupera to rs  are widely used (Figs. 4 and 5). For  
them, s ta t ionary heat t r ans f e r  between the two hea t - t r ans fe r  agents, separated by a wall, is charac ter i s t ic .  
Plate  recupera tors  are widely used in air  conditioning and ventilation sys tems and can be made of paper,  metal,  
ce ramic ,  and glass .  The plates,  as a rule, have an extended surface in o rde r  to increase  the surface pe r  unit 
volume of the heat exchanger and to make the flow turbulent, which intensifies heat t ransfer .  The most  widely 
used plate recupera to r  is a heat exchanger  made by Manters Econovent EX Company, made of aluminum plates 
[2]. The waviness of the thin plates is used not only to intensify heat t r ans fe r ,  but also to remove the condensate 
f rom the moist  air .  In o rde r  to intensify heat t r ans fe r  and remove mois ture  successful ly f rom the surface of 
the plates,  t rea tment  with hydrophobic substances is recommended in o rde r  to replace film condensation by 
drop eondensatkm; in this case,  the drops are  blown off the surface by the gas flow and a re  trapped by t raps .  
The method for removing the condensate f rom the heat-exchange surface pe rmi t s  cleaning contaminants and 
dust f rom it. 

The precipi tat ion of the condensate on the heat-exchange surface of metall ic  plates leads to undesirable 
cor ros ion  and p rema tu re  breakdown of the heat exchanger.  In o rde r  to avoid this disadvantage, glass plate and 
tubular  heat exchangers ,  which a re  well cleaned of contaminants and a re  not affected by corros ion,  are  used. 
The efficiency of the best  plate and tubular r ecupera to r s  is 60-70%. 

Tubular r ecupera to rs  (Fig. 5) are  p r i m a r i l y  used in industrial  p roces ses ,  chemical  production, medicinal 
and biological industry, and are often used in h igh- tempera tu re  p r o c e s s e s .  

The flows in tubular r ecupera to rs  move in a c rossed  scheme.  One of the hea t - t r ans fe r  agents moves 
along tubes, while the other moves in the space between the tubes.  In o rde r  to increase  efficiency, tubular 
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1) evaporator ;  2) condensor;  3) Flg. 6. Diagram of a heat pump: 
compresso r ;  4) expansion valve. 

Fig. 7. P - I  d iagram of the operation of a heat pump: 1) heating 
of evaporator ;  2) increasing p r e s s u r e  In compressor ;  3) cooling in 
the condensor;  4) thrott l ing effect. 

r ecupera tors  are multifi lar,  and fins are placed on the external surfaces  of the tubes.  One of the main ad- 
vantages of recupera tors  compared to regenera tors  Is the possibi l i ty of completely separat ing flows and the 
large p r e s s u r e  difference between the hea t - t r ans fe r  agents.  

The disadvantages of reeupera tors  include the fact that they have a high drag; the hea t - t r ans fe r  p roces s  
has a low efficiency, since it is difficult to achieve turbulent flow within the pipes and between the plates;  it is 
difficult to clean them of contaminants when they are being used. 

The calculation of reeupera tors  both as a cheek and in design analysis is based on the use of the equa- 
tions of heat t r ans fe r  and heat balance: 

dq~ = ~ G~cp,dh = +_ G2cp~dt~, 

dq2 ~ K (tt - -  t2) dF. 

Here dq Is the effective quantity of heat t r ans f e r r ed  f rom the hot hea t - t r ans fe r  agent through the wall to the 
cold one; Gt and G 2 are  the mass  flow rates  of the hea t - t r ans fe r  agents; Cpl and Cp2 are  the specific heat 
capacit ies of the bea t - t r ans fe r  agent; K is the hea t - t r ans fe r  coefficient. 

In the s tat ionary regime, dq 1 =dq 2 and dq =:~ Glcpldt 1 =• G2cp2dt 2 =K(t 1 - t~ )dF .  The basic working equa- 
tion for  heat t r ans fe r  has the form 

Q : K AtF,  

- ~ =  F ~ K ~ + F o K o _ + . . . F ~ K ~ .  AT= 1 ~'AtdF. 
F t + F ~ + . . .  F,~ ' F 3 

A thermophyslcal calculation of recovery heat-exchange apparatus reduces to determining the surface of the 
heat exchanger and the magnitude of the drag. Usually, the magnitude of the heat flux, the parameters of the 
heat-transfer agent, the type of heat-exchange apparatus, and the direction of flow of the heat-transfer agents 
are given. Other variants for the calculation of the heat-exchange apparatus also exist, e.g., determining its 
heating efficiency, calculation of the magnitude of the parameters of the heat-transfer agents, the magnitudes 
of the temperatures of the heat-exchange surfaces at different locations in the apparatus. 

Heat exchangers with intermediate heat-transfer agents are similar to reeuperators [7]. Usually, these 
are tubular heat exchangers with external fins, along which the intermediate heat-transfer agent circulates 
either with the help of a pump or under the action of a density gradient in the gravitational force field. Single- 
phase and two-phase heat exchangers exist with an intermediate heat-transfer agent. Heat exchangers with a 
single-phase heat-transfer agent are most widely used. The maln advantage of heat exchangers with an inter- 
mediate heat-transfer agent lles In the fact that they can have a large extent. Thus, for example, the part of 
the tubes bathed by hot heat-transfer agent can be located in one building, while the part of the tubes bathed by 
the cold heat-transfer agent can be located in another building. Heat exchangers wlth an intermediate heat- 
transfer agent are of great interest for creating large heat exchange systems for superheating steam Q =i00- 
600 roW, heating air from exhaust gases from boiler works, etc. A typical example of heat exchangers with an 
intermediate heat-transfer agent is a heat exchanger in an internal combustion engine. The efficiency of this 
type of heat exchangers is usually 40-60%. 

242 



2 

! 

3 

%- 

i 4~ 

Fig. 8. Heat exchanger based on heat 
pipes:  1) hot gas; 2) cold air;  3) sepa-  
rat ing plates;  4) finned heat pipe. 

Heat exchangers with the intermediate  hea t - t r ans fe r  agent have the following disadvantages:  1) poss ibi l -  
ity of breaking the hermet ic  seal of the sys tem and breakdown due to f reezing of the hea t - t r ans fe r  agent, c o r r o -  
sion o r  mechanical  damage of even one of the tubes; 25 not ve ry  intense internal heat t r ans fe r  with fluid flow 
in the tubes; 3) additional expenditures of energy on pumping the intermediate hea t - t r ans fe r  agents; 4) narrow 
operat ional  t empera tu re  range (from the tr iple point of the commer ica l  hea t - t r ans fe r  agent to the cr i t ical  
point). 

Heat pumps are  one vers ion  of heat exchangers with an intermediate  hea t - t r ans fe r  agent (Fig. 6). Com- 
p ress ion- type  heat pumps have a c o m p r e s s o r  and an expansion valve, connected to the vapor  and liquid loops 
of the heat pump, as well as an evapora tor  and condensor,  bathed by the hea t - t ransmi t t ing  and heat-accept ing 
media.  Heat pumps,  together  with heat exchangers  that have an intermediate hea t - t r ans fe r  agent, can be viewed 
as ut i l izers of secondary  energy r e sou rces .  Heat pumps are  used to heat enclosures ,  using in so doing the heat 
in water  r e se rvo i r s  o r  in the ground, etc. 

Heat pumps are  widely used in ref r igra t ion  sys tems,  re f r ige ra to rs ,  etc. The thermodynamic  work cycle 
of the heat pump is shown in the 1 ~ - I  d iagram (Fig. 7). The low-level heat flux is brought up to the evaporator ,  
usually consis t ing of a packet  of finned tubes, and causes vaporizat ion of the re f r igerant  (freon, ammonia}. The 
vapor  is introduced into the compres so r ,  where its p r e s s u r e  is increased  by external work, and then into the 
condensor,  consis t ing also of a packet of finned tubes, where the re f r igerant  condenses l iberating a heat flux 
with a higher  potential.  The p r e s s u r e  of the fluid is decreased  when pass ing through the expansion valve, be-  
fore  the fluid is introduced into the evaporator .  

The efficiency of the heat pump is close to the efficiency of a heat exchanger with an intermediate heat -  
t r a n s f e r  agent and in the best  case is 60-70%. Heat pumps are considered to be economical ly profi table ' f f  the 
ratio of the heat flux to the work expended is g rea te r  than 3. Heat pumps are  indispensable ut i l izers  of secondary  
energy  resources  in d rye rs  and evapora tors .  

A i r - t o - a i r  heat exchangers  based on heat pipes (HEHP5 can be separated into three  c lasses:  

15 HEH-P 1 (p roces s - -p roces s ) fo r  commerc ia l  p roces ses  (heating a i r  for commercial  objects, such 
as boi lers ,  metal lurgical  furnaces,  drying chambers ,  furnaces for burning bricks,  cement, chambers  
for drying paint and varn ish  coatings, etc.); 

2) HEI-]-P 2 ( p r o c e s s - c o m f o r t )  are  intended for making use of energy in heated air  in heating enclosures  
during the winter,  which permi t s  eliminating separate  boilers;  

35 HEHP~ (comfor t - -comfor t )  make use of exhaust air  for heating clean cold air  entering into enclosures  
f rom outside during the winter  and for  cooling clean hot a ir  entering during the summer;  they can be 
placed in schools,  hospitals,  institutions, swimming pools, movie theaters ,  etc. 

Ventilation exhaust a ir  with a t empera tu re  of 15-40~ was not previously  considered to be a source of 
heat with sufficient energy potential .  However, construct ion of large state and collective fa rm complexes which 
produce animal products ,  as well as poul t ry  factor ies ,  requires  creat ing new ventilation and air  conditioning 
systems,  providing the required  air  p a r a m e t e r s  and requiring minimum expenditures.  HEHP turned out to be 
a convenient var iant  for  utilizing local potential heat sources  for this purpose.  Comparison of their  pa rame te r s  
with the best r egenera to r  and recupera t ing heat exchangers  indicates the fact that HEHP have a number  of ad- 
vantages,  such as s implic i ty  in organizing the counterflow sys tems for the a i r  flow, possibi l i ty  of controlling 
the t empera tu re  at the dew point in the condensation par t  of the heat exchanger with the use of gas-regulat ing 
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heat exchangers, high reliability and durability, standardization of heat exchangers for different sizes, pos- 
sibility of revers ing  the heating and cooling p roces se s ,  no consumption of e lec t r ica l  energy on circulat ion of 
the working body, etc. [2, 3]. Comparison of different forms of heat exchangers according to the p a r a m e t e r  
Pc,  character iz ing their  compactness ,  i.e., t r ans f e r  of energy from the hot to the cold hea t - t r ans fe r  agent in 
a unit volume of the heat exchanger with a t empera tu re  differential of 1 ~ (W �9 ~ leads to the following 
conclusions [2]: a heat exchanger based on heat pipes has maximum compactness  (Pc =7200), for  a rotating 
regenera tor  Pc  =5400; for a heat exchanger  with intermediate  hea t - t r ans fe r  agent Pc  =4680; and for a plate 
recupera tor  Pc  =4140. 

HEI-IP used abroad for  ventilation and a i r  conditioning of commerc i a l  and public buildings are  made by 
the Manters Company (USA) using s ingle-s tage and two-s tage  schemes .  The s lngle-s tage scheme is used for 
aggregates with an output up to 5000 m3/h, and the two-s tage  scheme for  higher outputs. In o rde r  to control  
the hea t - t r ans fe r  p rocess  in HEHP, they are  rotated relative to the horizontal  at an angle of ~ 5 ~ with the help 
of an actuating mechanism by command of a t empera tu re  control  and by-pass  of par t  of the cold a i r  along the 
by-pass  channel with the help of controll ing valves.  The external  d iameter  of the exchanger is 25 mm and the 
number  of rows var ies  f rom 3 to 7. The aggregate  pays for i tself  when used for  10 h pe r  day within 3-4 
years .  

The American company Q-Dot Corporat ion makes eight differently sized counterflow single-s tage ag- 
gregate~uti l izers  with an air  output f rom 1275 to 21,250 m3/h. In modern wel l - insulated cattle breeding com-  
plexes, on poul try and hog fa rms  [8], the use of EEHP as ut i l izers  of the heat in outgoing air  c rea tes  cons ider -  
able savings both in capital expenditures and in using the complexes.  In regions with re la t ively  w a r m  winters  
(with Ta r  not lower than 20-25~ the use of HEHP on poul t ry  f a r m s  with 10 ~ birds o r  on hog fa rms ,  containing 
more  than 500 hogs, makes it possible to eliminate heating of the enc losures .  

HEI-YP are usually made in the form of severa l  rows of firmed heat pipes, placed horizontally,  inclined, 
o r  ver t ica l ly  (Fig. 8). The heat pipes a re  separa ted  into two par t s  by a pipe panel, whtch se rves  as a mechani-  
cal support and separa tes  the gas conduits hermet ica l ly .  The heat pipes can be f rom 4 to 5 m long. The heat 
flow, imparted along the ttEHP in many cases,  attains hundreds of milliwatts [9]. The HEI-I-P have an effi- 
ciency up to 70-80%, they guarantee complete separat ion of the heat-exchange media, they do not have any mov-  
ing sys tems (pumps, compressors ) ,  they are  i r revers ib le ,  they permi t  easy  replacement  of equipment par t s  
when in operation, and they have the s implest  and cheapest  gas conduits. One of the main advantages of HEHP 
is the minimum drag, the p resence  of intense external  heat exchange between the hea t - t r ans fe r  agents both 
along the hot and cold sides, and can operate  in v e r y  dusty gas flows (in combination with the fluidized bed con- 
sist ing of inert  part icles)  [2, 3]. 

HEHP can be both static and centrifugal [3]. Centrifugal HEI-IP in the form of a squir re l  cage, rotating 
inside a casing, increase  the external heat t r ans fe r  by 150-200% and compared  to static HEI-YP do not require  
the use of a special  s t ruc ture  inside the heat pipes .  Fo r  h igh- tempera tu re  gas flows, the use of ce ramic  pipes 
made of SiC, A1203, etc., par t ia l ly  filled with alkali metals  (sodium, potassium),  is p romis ing  [10]. A disad-  
vantage of HEI-l-P is the limited operational  t empera tu re  range ( f romthe t r iple  to cr i t ica l  points). 

The p r i m a r y  a rea  of application of HEHP together  with heating and ventilating sys tems  is utilization of 
the products  of p rocess ing  coal, so lar  energy,  energy f rom nuclear  power  plants and boilers ,  and geothermal  
energy.  The most  often used mater ia ls  for HEHP are aluminum, copper, and steel.  Ammonia, freon, water ,  
and dlphenyl mixtures are used for the intermediate  hea t - t r ans fe r  agent. In h lgh- tempera tu re  EEHP, sodium, 
potass ium , lithium, and m e r c u r y  are  used. 

Thus, the main problems in choosing a design, constructing,  and using heat exchangers  are:  contamina-  
tion of the heat-exchange surface and degradation of the hydraulic and heat-exchange charac te r i s t i c s ;  providing 
for  a long operat ional  lifetime and high reliabili ty; fighting cor ros ion  and eros ion of the heat-exchange s u r -  
faces and gas conduits; fighting the hydrodyaamic vibration and nonstat ionary thermal  s t r e s ses ;  ensuring low 
manufacturing and operational  costs  and possibi l i ty of maintenance and cleaning dirt  f rom the surfaces;  and 
ensuring compactness  and high efficiency. 

The analysis of different heat exchangers  presented  above has shown that the most  p romis ing  heat ex-  
changers  for  utilizing secondary  energy re sources  are  heat exchangers based on heat pipes, heat pumps, r e -  
generators ,  and plate r ecupera to r s .  
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