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ANALYSIS OF CHANGES OF THERMIC EFFICIENCY
DURING OPERATION OF THE TABLE RECUPERATION
EXCHANGERS
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The contribution analyses the effect of contamination of table recuperation
exchangers after 9 and 11 months of work in calf-barns on milk and plant
nutrition. The effects of contamination of heat-exchanging areas of the volume
flows, efficiency of realisation of utilisation of secondary heat, thermal power,
mixing of air during operation of exchangers with water condensation from air
and dry operation were studied. Based on the results of testing, recommended
intervals of cleaning of heat-exchanging areas of desk exchangers were deter-
mined.

stable; calves; ventilation; secondary heat; table exchanging; heat-exchanging
areas; efficiency of exchanger; ratio of air mixing

INTRODUCTION

During operation of exchangers for heat recuperation from ventilating air
of stables, the effect of action of technological lines, biological production
of minerals as well as high content of dust in ambient medium results in
contamination of heat-exchanging surfaces of exchangers. Contamination of
heat-exchanging areas causes the decrease of coefficient of heat transfer
through the dividing walls. Both they have a negative impact on the effects
of recuperation from ventilating air. The aim of the studies was to determine
fecommended intervals of cleaning of table recuperation exchangers on the
basis of analysis of changes in thermic efficiency during work in large-
Capacity barns.

MATERIAL AND METHODS
Measurement was done in two stables of large-capacity calf-barns of the

O-operative Farm Zal3i at Kosofin. In the stable for 615 to 620 calves on
Milk diet and in the stable for 640 to 700 calves on plant diet table exchangers
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L“L 7V-3-022, manufactured by the Co-operative Farm Horni Brusnice, were
il tested. 4 ;)
| The basic characteristics of the exchanger and types of fans: 4
_ size: 0.98 m in length, 0.57 m in width, 0.65 m in height o te2,Pe2 \_}
1 — weight: 280 kg P fiidiz 5
H — number of cells: 16
i — pitch of air channel among cells: 0.015 m 6
i — heat-exchanging surfaces: flat tables of zinc-coated sheet of 0.55 mm
thickness
‘ — volume air flow: 0.4 to 0.7 m’.s7!
i _ inlet cross section for waste discharged air 0.62 m? Lot Per, Ve
1l i _ inlet cross section for external supplied air: 034 m? 5 % Girpin, Vi ¥ 0
_ fans: 2 fans LAN W 450.4 with electronic control of revolutions ALR 3/21 —’; i :—

il within 10 to 100 % rated revolutions.
I 3 2

1. Diagram of measurement of recuperation exchanger
I — Table recuperation exchanger ZV 3-022

2 — Axial ventilator LAN W 450.4

3 — Flaps of side channels of exchanger

4 — Perforated foil sleeve

5 — Discharge of internal cooled stable air

6 — Supply of external heated air

Measurements of parameters of discharged and supplied air according to
mﬁ } the scheme in Fig. 1 were done immediately after instalment of exchangers,
g]"f x further in the calf-barn on plant nutrition after nine months of work and in

the calf-barn on milk nutrition after 11 months of work. Exchangers were

installed in April when practically no heating is needed. Therefore, further

I measurements were carried out in December and in February of the next year.

Exchangers operated the whole time, but the most contamination appears in

winter during operation with water condensation from ventilated waste stable

air. With respect to the purpose of the trial, exchangers were not cleaned the
whole time in order to find the dependencies of decrease of flows and thermic
efficiency on the time of operation.

RESULTS AND DISCUSSION

In the barns of light steel construction with aluminium cover and thermal
insulation, the calves were housed in letter-free technology on steel grates
with elevated standing.

Measurements of parameters of both types of air were carried out at dif-

R;séllf: of measurements are processed in Table I. The group of values
m: - J =Y J e o 1 ¥ 1 » -
; dll e , was measured immediately after instalment of exchangers. The
1? ues, I;ldlkfed B, were measured in the calf-barn on milk diet after

months of operation of r rati : 3 i
perz recuperation exchanger. The group of values,

““ 4 .
i ferent revolutions of fans in order to study the changes in operating thermic marked C, was measured in the calf-barn on plant nutrition after 9 months of
; a onths of

" il | efficiency at different air flows. With respect to the cross-flow exchangers operation of recuperation exchanger.
d l i “‘ ?he velocities and tlemperatures are not ful.ly uniform in inlet and p.ar»tfc I ‘ Thermic efficiency of heat recuperation from ventilating air in recupera-
S in outlet cross sections, cross sections during measurement were divided into tion exchangers Mg, is defined generally by ratio of recuperation heat 5
i ) i the system n of areas S, and parameters of air were recorded in different Ok to the total power Q—Q,, that can b i i F— b kel
i | ; ‘ ; { - . _ i={e, that can be obtained in using the whole tem-
!l&' fields. Mean values were determined from measured values of air temperature perature gradient between internal and external air:
i . relative air moisture ¢ and air flow rate v and volume air flows, thermic Ox

1 L efficiency of heat recuperation, and ratio of air flows mixing was summed Ner = o—0. =] -

‘. i up. Air temperatures were mcgsured by porte\@é measuring SWi[CiE’h’)ﬂfg Fam e semsmred and o] ‘

il AMR THERM 3400; relative air moisture by digital psychrometer THIE and relative ai asured and calculated values of volume flows, temperatures

! . . d a air ctiirec “ g - . . X

e CLIMA was used to measure the rate of air flowing. b e ltltl mglstum according to the following relationship, derived in
- written kv -

e | 4 y Adamovsky etal (1996), it can be calculated:

ANE B R -
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i
I h: Pl P s - 3 i 3 > T4+
ai! . b) Enthalpy efficiency of heat recuperation from ventilating air (at xi7 > x;2)
| . 022 i b & il Xi2).
i I L. Results of testing of table recuperation exchanger ZV 3-022 in the calf-barns by b [
| Nrr= -1 (3)
| [ ‘l “ Measure- | Vo | g | @ | ter | Q2 | Vi | tin | @ur | fiz | Qi2 VitV | Mg, Eyi i& . M iy — B
"‘»" ment = (1 +X,'1) V.. Pe
il - = : ; . - .
i 2 _ P The relationship describes better the state of exchange of heat and mass,
it Bl X T | = ('ﬂw 5 gl | =] | ~ particularly in regeneration exchangers. In well designed, manufactured and
{ g E & EIRARC S|ITIE|Z|TIS| 2T T ~ operated recuperation exchanger, conversion of mass occurs, and the values
| . 1160 lo2ol=62] = [10.1] = Joa4o|196] - |126] - |1.38|052| - of thermlc. and‘ eﬁtbalpy cff.1c1ency are identical.
57 87| - lo4el19.8| - |11.7] - |135]047| - ¢) The ratio of mixing of air flows (calculated according to the study written
I 2 | 190 03k~ ' 0'58 19.610.48 | 12.80.78| 1.38 [0.50 ] 0.15 by Marquardt, 1983) is expressing in new recuperation heat exchang-
x| 3 |15 na2]-6010.70) 5.2/ 03T(0: N e 155 |08 ers the quality of production version and older equipment signals bringing
E. i 4 |210|056|-5.0| - | 59| - |0.73}193} — |I1L5| — | 130103 - of non-sealed segments in operation (the lower exchange of specific mois-
: LN 5 |2150.60]-5.0]0.64| 6.5(0.41]0.80|18.9{0.44|12.2|0.68|1.330.42|0.15 tures between air flows, the tighter the exchanger).
i il 6 1290 |0.68|-52]0.65| 5.7|0.46]0.90|18.7|0.39{11.2{0.63 ] 1.320.40{0.22 | g s "
= ‘? £ s 1"1:—“ o
i i 1 12081028 3.3]0.85|15.8]0.37]0.54|22.9]0.35]16.3]0.53|1.93 |0.34|0.01 X — o1
l %) . =
B | 2 [215|028| 22]0.80|14.8|0.35]|0.54|21.7[0.40|14.8{0.63| 1.930.35|0.02 where: V ~ volume air flow (m’s™")
k e 3 |215|028| 13| - |139] - |054|20.5| - |13.9| - |193]035] - tQ - i\icra:exlf;v;;t(lx(oc)
- 1l 005 = -
1 11500.24(-1.7]0.78| 9.9/0.35|0.41|15.7{0.65|10.5|0.97 1.7 10.4410.005 o — specific air weight (kg.m 3)
A ] ‘ 5 1160]0.24|-1.7]0.78| 9.9|0.35[0.41|15.7]0.65|10.5|0.97 1.7 10.4410.005 cp - Spec?ﬁc h.cat air capacity \j?dcr the constant pressure (J.kg".K -
lﬂ, ‘ 3 1170 l0.291-1.3]0.75] 10.0]0.35]0.49 | 15.7]0.82| 10.8]0.93 | 1.69 | 0.44 | 0.008 i’ - jgzz:gz o ii‘(;:ﬁlupri Ei;iggl)
s i N ’ N )1 . o =
Rl 4 |170029|-1.310.74|10.0/0.35|0.49 | 15.7|0.82 | 10.8 |0.93 | 1.69 | 0.44|0.01 iindex ~ internal barn air
{ i ’ _
e s |195|034|-13] - | 84| — |057]145] - | 98] - |1.68]0.40
Il C st A =
W 6 |205({035|-19| - 80| — (059|144 - 9.8 1.69 {0.40 .
! Ty 7 |225]037|-19|0.62| 7.5/0.40]0.62|14.5|0.75| 9.9 - |1.68]0.380.06 (s
i T (
; )%’9 I‘ 8 |230(037]|-19]0.62| 7.5/0.40|0.62|14.5|075| 99| - | 1.68]0.38]0.06 1,1
E V!: il : - =
il ‘ 9 |258]038|-1.4| - | 7.8] - |0.64|14.8] — [10.0| - |1.680.37 1,0 =
R - - |168]036] - n
i ‘ 10 258 {038|-1.0 - | 7.9] - |0.64]15.0 10.2 N 0,9 —
i ‘ — - [1.68]035| -
}. | 11 |25810.38(-1.0] — | 83| — [0.64]16.5 11.1 0,8 .
IR 0,7 A
ﬂ | — V.
‘ ‘ 0,6 — e
ik . . 3 ——
w _ . I _ 2. The effect of con-
"'1¢i | a) Thermic efficiency of heat recuperation from ventilating air .(at Xil " 1‘123 0,5 ,/// Viz mmh;mm“(): thaI:-
| i The relationship suits to all practical applications of recuperatloﬁg.xala f:r . / / o+ 4 Wyl
T . . i 1ngs » _
R ers, i.e. measurement on testing tables as well as in the bui g 2 Ve of exchanger on the
“ i animal production. } L Ver changes in volume
i | g @ 0,2 flows of supplied ex-
i ,‘ - ter— Lot -] 155 175 195 215 235 255 25 295 ool sie V., and dis-
1, . Vi.pi. Cpi o — L U(Y)  charged stable air V,
e i - R 3
}‘ i Ve.pg.cpe
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e index — external outdoor air
R index — recuperation

Rt index — thermic recuperation
Rh index — enthalpy recuperation
index I — starting state

index 2 - final state

The results of measurements showed that cooling .of discharged air a‘t meai
surements A and B was done without water condensation from air (xi7 = xi2) and
the measurement C with partial water condensation from air (xis > Xi2).

Fig. 2 shows the effect of heat-exchanging surfaces of. exchanger onl the
changes in volume flows of discharging Vi and supplying air V.. Resultg N 19w
a great contamination of heat-exchanging surfaces of exchangt?r that is ma-
nifested by reduction of volume flow of air at the same regulatlgnBt;n.ston U

i = i rdi A5 an In new
of fan engine. For example U = 215 Vis ac<:01‘d1ng tq ey Ay
exchanger Vi = 0.8 m>.s™' and after 11 months of operation V; = - 5

There was an interesting finding that higher contamination of h;at-ex-
changing surfaces was on the side of supplied air. At U =215 th ‘m,\z
exchznﬂer V., = 0.60 m>.s”! and after 11 months of operation under the same

: -1 : haroi
regulatfon tension of fan engine V. = 0.28 m’.s™'. On the ‘51de of'dxschaltb‘;x%
ventilating air volume air flow dropped after 11 months of operation by AVi=

! I 2 3 45 6 1 8 9 x(gkg'sv)
°C) 25

o //

20

0,1 3

15

F—
—

'\

\

3. Increase of Spe-
cific moisture of SUp-
plied external air d}l‘e
to mixing with dis-
charged stable air
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0.26 m*s™, ie. to 67.5% of an original value. Volume flow of supplied
external air fell for the same time by AV, = 0.32 m’.s™), ie. to 46.6% of
original value. The reason of surprisingly high contamination of heat-ex-
changing surfaces on the side of external air was dry windy weather and great
dustiness of surrounding roads. However, the main and more distinguished
factor was mixing of discharging air into air supplying due to non-tightened
surfaces of recuperation exchanger. This hypothesis has been confirmed later
decrease of air flows mixing E,,. The ratio of airs mixing was E, = 0.15 to
0.22 in a new exchanger. After 11 months of operation Ey, fell due to silting
up of non-tightened segments of exchanger by dust particles to 0.01 to 0.02.
It follows from comparison of the values of measurement (C) of exchanger
working with partial water condensation from discharged air that E,, decrease
is yet more marked, E, = 0.005 to 0.010 after 9 months of operation.

Decrease of volume flow on the side of discharging ventilating air due to
contamination of heat-exchanging surfaces takes place almost at the same
time during dry operation as well as with partial water condensation from air.
While contamination of heat-exchanging surfaces on the side of external
supplying air takes place more intensively during wet operation of exchanger.
This fact evidently follows from faster silting up of non-tightened segments
by dust particles during water condensation from air, what has been con-
firmed by faster decrease of efficiency of air mixing E,,.

Fig. 3 shows an increase of specific moisture x,» in Mollier’s i — x diagram
of supplied air e caused by mixing with discharged ventilating air i. The
diagram shows the results of the measurements A3, AS, A6 on new exchanger
working without water condensation from discharged air x;; = x;.

In contamination of heat-exchanging surfaces, except the change in vol-
ume flows, decrease of coefficient of transfer of heat & through the dividing
wall of the exchanger is another significant factor affecting obtained heat
power and thermic efficiency of recuperation. Coefficient of heat transfer for
new exchanger can be expressed by equation:

B 1
S
o Ao

[(W.m2K™"] 5)

Where: o — coefficient of heat transfer on the side of discharged ventilating air (W.m_z.K_])
O — coefficient of heat transfer on the side of outdoor supplied air (W.mfz.K‘I)
s — thickness of dividing wall between discharging and supplying air (0.00055 m)
A — coefficient of thermal conductivity of dividing wall (50 W.m~' K~

Coefficient of heat transfer o can be expressed from criterial equation
formed on the basis of experimental testing of exchanging of similar geomet-
rical accomplishment (Dobia§ et al., 1984):
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6 133 (6)
Nu=220 2020 R P[]
!
3 ~F g1
ffici 3 ctivi f flowing air (W.m .K™)
here: &y — coefficient of thermal conductivity o : - o
oy Dlh — hydraulic diameter, determined by the length of exchanger table in the direction

of flow rate of flowing air (m)
Re - Reynold’s number (=)
Pr - Prandtl’s number (-)
Nu - Nusselt’s number (-)

-2 -1
After substitution of coefficients of heat transfer (o = 18.45 W.m kK .
o, = 18.7 W.m2.K™), calculated from equation (6) and the yalues ﬁ, : mw
the equation (5), coefficierzlt of; heat transfer through the dividing wall of new
g =9.29 W.m K. 3 )
exc]i];ltr;?irxlc(hanggzrs, e.g. RVD A 10, manufactur.e(? by Su‘n.]stav Cc_sk}f Kﬂ;{mi
lov reach at Vi/V. = 1.3 of the value of c.o.(-:fflclent.of i heat tllans.fer e
129 W.m2.K! (Stulc etal., 1987). Sigmflcantly. higher yalue is %I‘V%]OL?\
forming of tables of heat-exchanging areas, lower pitch of air channels (0.01)
as well as material (Al) of dividing walls of the exchang;r. T
After 11 months of the operation of new exghqnger in the calf-barn m
milk nutrition on the side of discharging vent1}atmg air pon—homogefp‘o::;
layer on approximate thick-layer s; = 3 mm was forrped. Thls layc?r fons;;}:;
mainly of dust of feeding mixture and hay. Qn the s@e of supplym;:h(?tfkc a
air was formed non-homogenous layer of soil dust ,Of approximate thic ln:b‘}:
se= 2 mm. The change of the value of coeffici_ent o_t heat transfer ttllro.ug 1w n
dividing wall of exchanger induced by formation of layers on heat resistances

Ri=3 [mlKW'] and Re=ot [m2K.W]
T Ao
can be expressed by equation:
. 7
k= ’ [W.m™>K™'] @)
L +-S—+fi+_l—
o A A A @

: —f oyt
where: Ai, Ao — coefficients of thermal conductivity of different layers (W.m K™)

Coefficients of thermal conductivity A can be dc.termined accordinglggi;gl;?e
superposition principle by the following relationship (Blahovec, :

v, Y, WY 2w (8)
A=|+ =+ | [mM"KW]
9\4.\' 7\-w }‘-I
where: vs, v, VI — volume concentration of dry matter, water, air (-) oW )
Ay, M, &t — coefficients of thermal conductivity of dry matter, water, ait n
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Ai=0.05 W.m™" K and Ae = 0.06 W.m™' K! follow from the diagram of
coefficients of thermal conductivity of a material composed of water, dry
matter and air (Blahovec, 1993), calculated according to the superposition
principle. By substitution into the relationship (7) the value of the coefficient
of heat transfer through the dividing wall of exchanger after 11 months of
operation, k =4.97 W.m 2. K™ is obtained. The calculated value is considered
only as informative, because its exactness is influenced by some factors that
were not taken into account in the calculation. Above all these are the changes
of coefficients of heat transfer o, o, due to the shape of the surfaces of the
formed layers and presumption of identical thicknesses of the layers si, s,
along the whole surface of dividing walls. The determination of the values
Ai, e, too, is affected by non-homogenousness of layers and by estimate of
different volume concentrations of components of dry matter, water and air.

Statistically processed values of thermic efficiency Mg = f (V.) are pre-

sented in Fig. 4. Linear regression functions are in the form:
Nrea = 0.602 - 0319 V, [-]

9
Mkes = 0.390 - 0.155 V, [-] a4
Nkec = 0.586 — 0.558 V, [-] am

The circle and vertical line show the changes in the volume flow of out-
door air V, at the constant revolutions of the fan corresponding to regulation
tension U = 215 V after 9 (C) and 11 (B) months of work of recuperation
exchanger. The volume flow of a new exchanger (A) was V, = 0.60 m’.s7.
For measurements A and C through the measured points the lines were plot-
ted through the point from the measurement B the line of identical trend with

TRt
(=)
0,8
0,7
0,6
0,5 ——]
o 1
0,4 ~ L€ _\\M
|4 s r o g
~ ‘@U. )
~$_ 1} ] !
0,3 L Rl T 4. Changes in practi-
02 cal thermic efficien-
, .
cies Mg, of the ex-
0.1 changer ZV 3-022
due to contamination
0,2 0,3 0,4 0,5 0,6 0,7 08 of heat-exchanging

3 -1
Ve (m'.s™) surfaces
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the previous states A and C. In the region of measured values, it was the line
- statistically found. - .

de[)Si;g;:[?(:C;nt decrease gf efficiency Mg is evident from graph in Fig. 4}, I"CaChl-n'g
almost 20% at the constant air flow V, as well as at the constant r‘egulatlon tension
U or constant revolutions of the fan. The effect of cont‘ammatl.on of heat—exchan gin g
areas on the efficiency of exchanger is almos‘t ident'lcal du.rmg er operation and
during operation with condensation of water h‘om dlschargmg air. e

When no regular cleaning of heat-exchanging areas of exchangers 1Ip1 0“,
vided, the given decrease of efficiency of he.at rccuperatlop.from ve?nu ldmlwg:
air in production conditions should be considered. Ip addxtlon,‘to Lfeam t] u
required air flows to discharge moisture and harmful sqbstances )rorln ng
stable and to supply of outdoor air, it is necessary to increase rpgu.z‘mo:@
tension of fan engines what results in increased consumption of electric en-

: - drive of ventilating fans. .

mgl}%}aicf):ld Cl)lrivtie results of tciyting where the main guidance are falls of air ﬂO\,kjS
(Fig. 2) and decrease of thermic efficiency of exchangers .(Flg. 4),. aftef .9 -mom;::;
of work the function of an exchanger can be §haractel'1sed as.msufflclent.‘ ;
almost linear growth of contamination productllon parameters in about hal 1n n;
this time can be considered as convenient. With respegt to ‘these resul}s Lml
experience from operation in large-capacity calfjbarn of the farm 'KOS%“E 1:
prophylactory of the large-capacity cow house (})f}he farm Oucmam;c ( ~o 11;:
farms are a part of the Co-operative Farm Zalsi), recommended 1r{te{va dx ;
cleaning of heat-exchanging surfaces of tqb}e e?(changcrs Were.detelfmmch : ”;
prophylactories-and calf-barns on milk ngtrltmn interval of cleaning o dC);C .ant?—\
ers of impurifying layer at practically linear grpwtb was recommende 'to I,z:
6 months. In calves on plant nutrition the cleaning mtfarval is 4 rponths 1}1 ’Qdu
case when during distribution of dusty hay ventilating fans are switched of, an
2.5 months, if fans are continuously working. , ‘

Realization of recuperation exchangers in the stables .o’t largc-cqpacniy
calf-barn of the Co-operative Farm Zal3i at Kosofin was positively maprefﬁcg
immediately in the first year of operation, througf} for the reasons ‘of tesn:?i
ordinary cleaning of heat-exchanging surfaces .ot exchangers was not p«.}]k
vided purposefully. Increase of the temperature in the barn of calv.es on n .
nutrition in winter season by 4 to 6 °C and decreasc? of Felatwc air m<0‘h;'L:ig
to @ = 0.40 to 0.55 was manifested by increqse of wglght 1ncrement51 of La:sn
and by decrease of their death rate. After installation of Fablc recug«(ﬁla:qd
exchangers the weight increment rose by 0.12 kg per animal and day ar
death rate of calves fell by 3.43%.
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Analyza zmén termické G¢innosti pii provozu deskovych rekuperaénich vyménikii.

Scientia Agric. Bohem., 31, 2000: 285-297.

Cilem pfispévku je analyzovat vlivy znegisteni teplosménnych ploch deskového
rekupera¢niho vyméniku na zmény objemovych toki vzduchu, G¢innost vyuZiti dru-
hotného tepla a sméSovéni vzduchu pii provozu vyménikd s parcidlni kondenzaci
vody ze vzduchu a pfi provozu suchém.

M¢éfeni se uskutegnilo ve dvou stijich velkokapacitniho teletniku ZD Zal¥i v Ko-
sofin€. Ve staji pro 615 aZ 620 telat v mlétné vyZivé a ve staji pro 640 az 700 telat

v rostlinné vyZivé byly ovéfovany deskové rekuperacni vyméniky ZV 3-022, vyri-
béné ZD Horni Brusnice.

Zikladni rozméry vyméniku a typy ventilatori:
— rozméry: délka 0,98 m, §itka 0,57 m, vyska 0,63 m
— hmotnost: 280 kg
— pocet ¢lanki: 16
— sveétlost vzduchového kandlu mezi ¢lanky: 0,015 m

teplosménné plochy: ploché desky z pozinkovaného plechu v sile 0,55 mm
. 5 . 5 3 -1
— objemovy pritok vzduchu: 0,4 az 0,7 m”.s

— vstupni priifez pro odpadni odvadény vzduch: 0,62 m>
vstupni priifez pro venkovni ptivadény vzduch: 0,34 m>

SCIENTIA AGRICULTURAE BOHEMICA, 3/, 2000 (4): 285-297




— ventilatory: 2 ventilditory LAN W 450.4 s elektronickou regulaci oticek ALR

3/21 v rozsahu 10 az 100 % pneumatickych otacek.

Schéma méfeni teplot ¢, relativnich vlhkosti @ a rychlosti proudéni vzduchu v je
uvedeno na obr. 1. Indexem i jsou oznaceny hodnoty odvadéného stijového vzduchu,
indexem e hodnoty pfividéného venkovniho vzduchu. Z naméfenych rychlosti
proudéni vzduchu a prito¢nych prafezi byly stanoveny objemové toky vzduchu V.

Vysledky méfeni jsou zpracovdny v tab. I. Skupina hodnot oznalenych A byla
namé&iena ihned po instalaci vyméniki. Hodnoty oznadené B byly naméfeny ve stiji
pro telata v mlééné vyZivé po 11 mésicich provozu rekupera¢niho vyméniku. Skupina
hodnot oznadenych C byla naméfena ve stdji pro telata v rostlinné vyZivé po 9 mé-
sicich provozu rekuperadniho vyméniku. Z naméfenych hodnot byly podle vztahti (2),
(4) vypodteny termické a¢innosti Mg, a G€innosti miseni tok vzduchu Ey,. Vysledky
méfeni ukdzaly, Ze ochlazovani odvddéného vzduchu pfi méfeni A a B probihalo bez
kondenzace vody ze vzduchu (xi; = xj2) a méfeni C s parcidlni kondenzaci vody ze
vzduchu (xi; > xj2). Hodnota x znamena mérnou vlhkost vzduchu (kg.kg*l S. V.).

Na obr. 2 je znazornén vliv zneci§téni teplosménnych ploch vyméniku na zmény
objemovych tok odvddéného V; a piivadéného Ve vzduchu. Vysledky ukazuji znacné
znecidténi teplosménnych ploch vyméniku, které se projevuje sniZenim objemovy
tokti vzduchu pii stejném regulacnim napéti U motoru ventildtoru. Z grafu na obr. 2
je patrné, Ze dochazi ke zna¢nému znecisténi teplosménnych ploch i na strané ven-
kovniho pfivadéného vzduchu V.. Pfi¢inou byla vysoka praSnost okolnich komunikaci
a zejména miseni odvadéného vzduchu do vzduchu pfivadéného, zplisobené netés-
nosti délicich teplosménnych ploch vyméniku.

Na obr. 3 je zndzornéno v Mollierové i — x diagramu zvySeni mérné vlhkosti x.2,
piivadéného vzduchu e, zplisobené michdanim s odvadénym vétracim vzduchem /.
V diagramu jsou zakresleny vysledky méfeni A3, A5, A6 na novém vyméniku.

Znedlisténi teplosménnych ploch ovliviiuje negativné rovnéZ hodnotu soudinitele pro-
stupu tepla k délici sténou vyméniku, a tim i ziskany tepelny vykon a G¢innost rekuperace
N&. Soucinitel prostupu tepla délici sténou nového vyméniku, vypodteny podle vztah (5)
a (6), ma hodnotu k = 9,29 W.m 2K ", Po 11 mésicich provozu se na obou strandch
teplosménnych ploch vytvorily nehomogenni vrstvy o piibliznych tloustkdch s; = 3 mm
a se = 2 mm. Na stran& odvadéného vzduchu tvoiil vrstvu s; prach krmné smési a sena
o soudiniteli tepelné vodivosti A; = 0,05 W.m™ K. Vrstvu s na strand vzduchu piva-
déného tvofil prach zeminy o souiniteli tepelné vodivosti A, = 0,06 W.m*I.Kfl. Vypoc-
tem podle vztaht (7) a (8) jsme ziskali informativni hodnotu soudinitele prostupu tepla
délici sténou vymeéniku po 11 mésicich provozu k = 4,97 wm 2K

Statisticky zpracované hodnoty G&innosti Nz = f (V) jsou znazornény na obr. 4.
Linedrni regresni funkce maji tvar vztaht (9), (10) a (11).

Z grafu na obr. 4 je zfejmy vyznamny pokles G&innosti ng; dosahujici témer 20 %
pfi stilém priitoku vzduchu V, i pfi stdlém reguladnim napdti U, resp. stilych ot‘ég‘:
kéch ventildtoru. Vliv zne¢i§téni teplosménnych ploch na G&innost vyméniku je émel
stejny pfi suchém provozu a pii provozu s kondenzaci vody z odvadéného yzduchu.
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