ANALYSIS OF HEAT EFFICIENCY
OF THE RECUPERATION EXCHANGERS
IN MICROCLIMATE EXACTING STABLES

R. Adamovsky!, P. Hutla2, M. Blajek!

ICzech University of Agriculture, Faculty of Engineering, Prague, Czech
Republic

Research Institute of Agricultural Engineering, Prague-Repy, Czech
Republic

This contribution includes results of the recuperation exchangers investigation
from gravitational heat tube utilizing secondary heat of the stable ventilation
air for 13 000 chicken broilers. The results obtained have enabled to make
accurate and analyse the methods of thermal and enthalpy exchangers effi-
ciency related to the heat losses decreasing by forced ventilation and also to
specify the heat-changing surfaces impurity effect onto heat recuperation
change effectiveness from the ventilation air during the breeding period. It
have also been proved necessity to use filters before the heat-changing surfaces
withdrawn from the stable and their regular cleaning influence into the ex-
changers efficiency.

stable; thermal losses of ventilation; thermal balance; recuperation exchanger;
gravitational heat tube; thermal efficiency; enthalpy efficiency

INTRODUCTION

Application of secondary (refuse) heat of the ventilation by means of the
recuperation exchangers will considerably reduce energy consumption for
heating and provides requested quality of the stable environment from the
point of view of relative air humidity and harmful substances content at
constant interior temperature. The application effectiveness of the secondary
heat of the stable ventilation air has a substantial impact on the thermal losses
by ventilation and is being affected by the exchanger construction, volume
flows of the ventilation air, interior and exterior temperature, specific air
humidity and dust particles content.

Most of foreign scientific and professional publications is focused to ther-
mal conditions and efficiency of various recuperation exchangers in objects
for pigs and calves rearing. Due to relative low dust content, as well as
required air temperature, in these objects there are favourable operative con-
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ditions to utilize these exchangers. Barbari and VZ?.l.li .(198.5) observed
possibilities of the board recuperation exchangers utilization in both sow
artificial insemination stable and in calf-house. The heat tube exchang.ers
were investigated in some piglet houses. The board crogs—current .recu.peratlon
exchanger was tested in piglet houses and piggeries (.Chrlstlanes“,
Meulen, 1985). In both publications the authors determined Fhermal effi-
ciency of the exchangers. The heat exchanging surfaces pollutlon. effect to
the recuperation efficiency had not been investigated, apparently with regard
to the feeding technology and animals housing. Harp apq .H uhnk e (199())
investigated the exchangers utilization to back heat acquisition from piggeries
ventilation air. . . .

Research investigation of the recuperation exchangers in .dusty, mlCI’OClll-—
mate exacting environment was realized by Berlin Const{uqlon .Academy in
large-scale broilers fattening station VEB KIM Komgswusterhausen
(Hettwer, Bath, 1982). It concerned exchanger assembleq frpm 48
gravitational heat tubes, each 2 m long, arranged in ‘S-rf)ws. At basic air flow
velocity 3 m.s™', the exchanger reached the heat etflcleqcy 43%._ The heat-
-exchanging surfaces pollution effect on exchanger efficiency is not pre-
sented. In Czech Republic 2 recuperation exchangers assembled from gravi-
tational heat tubes in relative difficult operative conditions of piglet house
with dry feedstuffs were verified (Kara, Stulc, 1989). The vexchangersi
assembled from 50 and 100 heat tubes, each 2 m long, arran.ged in 5 and 10
rows, were equipped with textile filters (flannel), installgd in the alr—dra'wn
off side. The filters purpose is to protect the heat-exchang}ng surfaces against
pollution. The heat efficiency within short-period testing reached values
0.43-0.48. The authors recommended to use these filters in practice.

Literature observance indicates that recent knowledge of recuperation ex-
changers operative regimes in livestock production ?bjects do not enable to
answer the questions about exchangers operative efficiency c}‘1a.ng§s. There-
fore, the aim of this paper is to verify and to analyse pos.51b1htxes of tl’u
gravitational heat tubes exchangers utilization from pgint of view of operative
efficiency of back heat acquisition by ventilating air in very dusty and quali-
tatively exacting chicken broilers fattening stable.

MATERIAL AND METHODS

Theory

Efficiency of the system for the heat recuperation from the ventilation aif
is generally defined by ratio between recuperated heat output and total output,
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which may be obtained in case, when complete heat drop between interior
and exterior air could be used:

ORr
) (D
Qi = Qe
where: Qr— obtained (recuperated) heat efficiency (W)

Qi — inner drawn-off air heat efficiency (W)
Qe— inner coming-in air heat efficiency (W)

nR=

When parameters of interior drawn-off air and exterior coming-in air are
marked according to Fig. 1, then in the equation (1) in case when the drawn-
off air is cooled above temperature of its dew point, i.e. xi = x;:

Or=Ve [(pel . Cpe2 . te2) — (Pet - Cpel - te)] (W) (2)

Qe =V.. Pel . Cpel . tel (W) .

Qi=Vi.pin.cpir.tim (W)
where: V — volume air flow (m?’.s’l)

p - air specific weight (kg.mf‘?)
¢p — specific heat air capacity at constant pressure (J.kgfl.K’l)

t - air temperature (°C)

Assuming, that pei = pe2 = pe; Cpel = Cpea = Cpes Pil = Pis Cpit = ¢pi, the thermal
efficiency Mg, is expressed by:

to; heg: x
V.
inner environment
ter; het; X1 tis; hi; xip
V. Vi

outer environment

tiz; hig; Xiz 1. Calculating scheme of the

Vi

recuperation exchanger
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te2 — tel
= ) 3)
e Vi.pi.cpi

Ve . pe . Cpe

L Lil — fel

If the equal-capacity ventilating system is Vi . pi . ¢pi = Ve . pe . Cpe, then the
known relation for thermal efficiency Nr¢ (Spalding, Taborek, 1983)
is obtained:
Nee="22 () @)
ti1 — lel
At the partial condensation of water vapour contained in inner drawn-off air,
when x;1 > X!

_ Ve~Pel _ 5
QR————(1 ol (he2 = he1) (W) (5)
Vi.pil Ve . Pel
i = chit (W), e=——he1 (W
Oi=qray W Oe= e ! (W)

where: h — specific air enthalpy (J.kgfl)
x — specific air humidity (kg.kg71 $.0.)
Presuming again pei = pe; pil = Pi, then the enthalpy efficiency Mrn is:
hea = hel
Rh= =) (6)
L Viipi (1 +xe1)
: - hil = he
(1 +xi1) Ve.pe

To calculate specific parameters of both cooled drawn-off and heated com-
ing-in air, generally known relations (Recknagel et al., 1994) were used.

Experimental Methods

The verification had been performed in stable for 13 000 chicken broil-
ers fattening. The object was reconstructed from cowshed for 97 cows in
vicinity of the village Cestin, the Kutna Hora district. The stable interior
ground plan dimensions are 58 x 10.8 m and its height is 3.2 m. Calculated
outdoor temperature of area is —15 °C, altitude 250 m. Specific heat loss
due to the heat passage through object constructions was measured as
0.689 W.m*.K™'. The heat loss produced by air infiltration by natural
ventilation is 0.11 W.m™.K™".

Diagram of the stable ventilating system is presented in Fig. 2. Air, heated
in recuperation exchangers (1) was distributed into stable by perforated foil
sleeve (2) of diameter 800 mm. The air is withdrawn from stable by ventila-
tors, situated in bottom part (5) of exchangers. Axial ventilators (3) and
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2. The stable ventilating system arrangement

1 — the recuperation exchangers from gravitational heat tubes, 2 — inner heated air distribution
by perforated foil sleeve, 3 — axial ventilators, 4 — closing holes for the outer air input, 5 —
ventilated stable air drawn-off

closing holes (4) enabled to increase intensity of stable ventilation during
summer period.

Both recuperation exchangers were assembled together from aluminium
lamella gravitational heat tubes (diameter 35 mm) using ammonia, lamella
diameter is 62 mm and length 1 960 mm. The exchanger is assembled from
100 heat tubes arranged in 10 rows. In the air-drawn off side, before the
heat-exchanging surfaces, textile filters of 3 mm thickness were installed. The
purpose of the filters is to protect the heat-exchanging surfaces against pol-
lution by dust, released from dry feedstuffs, small-size feathers and chips
particles of bedding. ’

To assess the exchanger efficiency the following quantities were measured
(according to scheme in Fig. 3):

a) temperatures 1, fe1, fe2,

b) drawn-off and coming-in air flowing velocity vi, ve,

c¢) drawn-off air relative humidity ¢;1,

d) alternating current frequency supplying electromotors of ventilators and

regulating their revolutions f.

For temperatures and relative humidity measurements resistive heat sen-
sors PT 100 equipped with voltage output and psychrometers with forced
cooling of wet thermometer equipped with voltage output ranging from 0 to
20 mA were used. The air flow velocity was measured by anemometer pro-
duced by Ahlborn company.

Regarding the fact, that both temperatures and velocities of the air flow
were not constant in the output cross-sections, these cross-sections were di-
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i é\\ Stable environment parameters measurements to determine the recupera-
| i 2 /_1_ 3 tion exchangers efficiency were realized in the first, more difficult half of the
{ i —~ breeding period from 27 Febr. to 18 March 1995. Initially, the average weight
| \J 7 of chickens was 63 g, final weight was 510 g.
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il \ ~ !il’!!l . ; RESULTS AND DISCUSSION
| i =t 10 n Tab. Tindi
i {|Li|i ! The measurements results presented in Tab. I indicate, that from 27 Febr.
ol \: '[lr h ; !|g| |/ to 16 March the tested exchanger operated in condensation regime, and from
a R . | .ill;li v; X % 17 Febr. to 18 March in heat regime without partial water condensation of
| T '
‘ I X X
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| ' 4 I. Results of measurements and calculated values of recuperation exchanger average efficiency
| Calculated values
. g n
“ 3. Scheme of the recuperation exchangers installation and measurement Date £ fy t yk“l qvi 1 0 (_Ig
i N : ) §®) (°0) O (m™s7) | (ms™) (%)
ol 1 — recuperation exchanger, 2 — heated outdoor air distribution, 3 — axial ventilator, 4 — filter
‘ ‘13' 27 2. 24. 5 22.8 4.5 0.17 0.18 62 0.48
i
i . . . R : 28. 2, 24.2 20.0 2.7 0.17 0.1 68 :
f vided into n equal surfaces of the F, area, measured individual sections values | . ’ e
‘ and analysed the average values for total cross-section. For the measured values L.3. 250 19.2 6.5 0.17 0.18 58 0.36
| recording the measuring central THERM 3280-8M, produced by the Ahlborn 2.3. 254 16.7 4.6 0.17 0.18 61 0.29
I comp., equipped with alpha-numeric converter and values recording into the 3. 3. 252 15.7 54 0.17 0.18 64 0.25
‘1‘ memory were used. The vialues vgere tr)ecorded thhlrll compg;ije measunbnlg n 4.3, 25.0 18.6 19 0.17 0.18 68 0.36
il in int . ilation distributing system layout did not enable to
1 15min intervals. The venti & sy o 5.3 | 257 148 0.6 0.23 0.27 70 0.25
measure the air temperature after the evaporating exchanger’s part passage 5.
For unknown temperature #;» the thermal or enthalpy efficiency on the basis 6.3. 253 15.2 238 0.23 0.27 68 0.24
ol I 5 o . i
j ‘ ! of the following consideration was chosen: 7.3, 26:1 17.6 1.8 0.28 0.40 67 0.23
| . .
ii ‘ g a) Dew point temperature #;, calculation for #i1, @1, xi1. 8.3. 254 137 2.1 0.28 0.40 b e
I b) If the Qg is calculated according to the equation (2) higher than Q;r = V; . 9.3. 25.5 152 2.4 0.28 0.40 61 0.22
1 | Cpi . pir. (tin — tiy) and if .Vi > V., then the drgwn—off air is cooled under the 10. 3. 240 147 37 034 0.52 72 0.18
| “ te.mpc'*,ra.ture tir and partlgl water condensation occurs from the drgwn—off 1.3 S8 . . (34 i - 015
| ‘i air within the heat-changing surface of the exchanger. Enthalpy efficiency e 5 i
L is calculated according to the relation (6). o h . +0 047 064 & B
’ ' ¢) If Or < Qir and V; > V., the fictitious temperature t; is calculated from the 13.3. 23.9 10.4 2.6 0.59 0.79 72 0.14
equation: 14. 3. 22.8 6.3 = 0.59 0.79 74 0.13
: Vi. it . cpi. (fil = t2) = Ve. Pel . Cpe « (fed — te1) %) 15. 3. 23.1 8.0 -0.3 0.59 0.79 76 0.13
: I : . 16. 3. 25.2 11.7 1.4 . . ;
L The temperature calculated is to be compared with temperature t;,. If ;2 > 0.59 0.79 70 0.16
: |l tir, the water condensation on the heat-changing surface does not occur. The 17.3. 24.1 9.4 3.1 0.75 113 72 0.20
§ | thermal efficiency is then according to the relation (3). 18. 3. 24.3 9.7 7.6 0.75 1.13 77 0.07
: " il
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air origin. Because the volume flow of the drawn-off stable air V; increases
with chickens weight more rapidly than air volume flow V., distributed to
stable through condensation part of exchanger, it seems to be in correspon-
dence with equation (7) that the heat regime of the exchanger is rather typical
for second part of the fattening period.

The reached values of the back heat utilization efficiency from ventilated
air are significantly lower on average than those stated by Hettwer,
Bath (1982) or Kédra, Stulc (1989).

The results of our measurements may be well confrontated particularly
with results presented by Kara and Stulc (1989). The authors present
parameters for exchanger created by gravitational heat tubes equipped with
flannel filter in the drawn-off air side. The verification was provided in stable
for piglets rearing up to weight 30 kg. The presented results indicated that
exchanger operated in range of thermal efficiency in equal-capacity system
(Vi . pi.cpi=Ve.Pe. Cpe) and at differences between drawn-off ventilating
air t;; and outdoor air temperature fei, had only reached the values 4.4-6.3 °C.
These facts resulted from operative and climate conditions and positively
affected the efficiency values ranging from 0.43-0.48. The equal analysis
(3, 6) indicates that these values are scarcely reached at deeper differences
between indoor and outdoor temperature, increased share of volume flows
Vi/V. and within condensation regime of the exchangers, what resulted in low
air over-flow velocity through vapour part of the heat tubes.

The lower efficiency of the tested exchanger is, in our opinion, given also
by higher volume flows of removed stable air V; at higher animals weight.
At lower volume flows at beginning of the period the reached efficiency is
equal to those presented in the above-mentioned publications.

From graph in Fig. 4 is evident an important effect of the filter on the
drawn-off stable air onto efficiency of the secondary heat utilization. Particu-
larly in first six days at equal-capacity ventilation and constant share Vi/Ve
considerable efficiency decrease provided by rapid filter pollution at low air
velocity is evident. The efficiency decreased at the air flow velocity vi =
0.51 m.s" on average by 5.8% during 24 hours. From operative point of view
it is necessary to shorten the cleaning interval of filters to three days. Al
higher velocity of the air flow the efficiency decrease tends to be lower. In
the last third of verification at v; = 2.2 m.s~! the efficiency decrease was
almost 1% during 24 hours.

Despite the installed filter, the heat-exchanging surface of the heat tubes
vapour part was polluted by small dust particles adhered during water con-
densation on the surface and generated heat-insulating layer decreased the
heat passage coefficient through the heat tube wall.
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CONCLUSIONS

The tested system performance without filter is, in fact, impossible. Th
non-woven textile filter of 3 mm thickness proved to be’ succes%ful. The
exchangers efficiency with polluted filter decreased at low volume‘ ﬂol 61:?
(tjl:liidravgz—gff venItilaEng air in first six days of the rearing period by \;/SS(’%

ng ours. In the first third iod it is 1 5 .
filter at least each third day of the :ictl?:ngglsogp{ctr;iigscessary 10 clean the
theT;rz\f;cthger Wlth pre.—ar.ranged filte.r operates at low volume flows of
e drav -0 Ventllatlng air, i. e. approximately to chicken weight 500 g in

e field of th(? enthalpy efficiency, at higher chickens weight in the field of
the thermal efficiency. In practice it is necessary to observe the pollution r. (t)
of the heat-exchanging surfaces even behind the pre-arranged filter o
larly at water condensation from removed air. paer
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ADAMOVSKY, R. - HUTLA, P. — BLAZEK, M. (Cesk4 zem&d€lska univerzita,
Technicka fakulta, Praha; Vyzkumny tstav zemé&délské techniky, Praha-Repy, Ceska
republika):

Analyza vyuZiti tepla z rekuperacnich vyméniki v provoznich podminkdch staji.
Scientia Agric. Bohem., 27, 1996 (4): 303-313.

Cilem prace bylo ovéfit a analyzovat moZnosti vyuZiti vyménikii z gravitatnich
tepelnych trubic z hlediska provoznich ucinnosti zpétného ziskavani tepla z vétraciho
vzduchu ve velmi pragném a kvalitativng ndro¢ném prosttedi staje pro vykrm kufecich
brojleri.

Ve staji pro vykrm 13 000 kutecich brojlerd byly testovany dva vyméniky sestd-
vajici ze 100 tepelnych trubic umisténych v deseti fadach po deseti kusech. Teplo-
sménné plochy vyparné &asti tepelnych trubic byly chranény pfed zneciSt€nim
predfazenym filtrem z netkané textilie tloustky 3 mm. Uspofdddni vétraciho systému
staje a schéma méfeni rekuperacniho vyméniku je uvedeno na obr. 2 a 3.

V metodice fedeni je podle obr. 1 definovana termicka dcinnost vyméniku Mz 3)
pro provozni podminky, pii kterych nedochazi k parcialni kondenzaci vody z odva-
déného vzduchu (x;1 = x;2) a entalpickd d¢innost vymeéniku (6) pro provozni podminky
parcidlni kondenzace vody z odvadéného vzduchu (xi1 > %),

Vysledky méfeni (tab. I, obr. 4) ukédzaly, 7¢ vyméniky s piedfazenym filtrem
pracuji p¥i nizkych objemovych tocich odvadéného vétractho vzduchu, tj. piiblizné
do hmotnosti kufat 500 g v oblasti entalpické u&innosti, pfi vy$§ hmotnosti kufat
v oblasti termické &innosti. V provozu je nutné sledovat stupefl zne¢iSténi teplo-
sménnych ploch i za predfazenym filtrem, zejména pii kondenzaci vody z odvadéné-
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ho vzduchu. | pfes instalovan
chové &astice, které pfi konde
vrsgnéka sniZila souéinitel prostupu tepla sténou tepelné trubice
in : ; i j :
[exmienost; testovaného systému bez filtru Je prakticky vyloudena. Filtr z k
0 tloustce 3 mm se osvé&dcil. Uginn ymé , o€
lie o : i i ost vyménfku se znedisténym fi l
plLrll mz’kych objemovych tocich odvadéného vétraciho vzduchu o
C .0\./ne’hovturr3us/u 0 5,8 % za 24 hodin. V prvni tfetiné turnu
rr}l]mlmélne kazdej tln dny provozu vyméniki. Ve vyS$Sich rychl
chu ma pokles tGc¢innosti klesajici tendenci.
pokles G¢innosti necelé 1 % za 24 hodin.

y filtr se dostaly na teplosménnou
nzaci vody ulpély na plo¥e, a Vytvor

plochu drobpg pra-
€na tepelnj izolagnj

Vv prvnich Sesti dnech
Su je nutné Cistit fij¢r
e ‘ ostech proudéni vzdy.
Pfi hmotnosti kutat 450 a3 500 g byl

Stdj; ztraty tepla ventilaci; tepeln rovnovaha:

R rekuperacni vyménik: A i
termicka Géinnost; entalpicka ucinnost YTERTG tepelnd trubice;

B S N S

Contact Address:

a, Technick4 fakulta,
02/24 38 31 80, fax:

313




