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PRISPEVOK K RIESENIU TLAKOVYCH STRAT VYMENNIKA TEPLA

CONTRIBUTION TO THE SOLUTION OF PRESSURE LOSSES OF A HEAT EXCHANGER

Cldnok sa zaoberd vypoctom tlakovych strdt tepelnych vymenni-
kov a ich jednotlivych casti. RieSené su tlakové straty miestne aj
dlzkové v prierezoch kruhovych aj rozne tvarovanych. Sii uvedené rézne

alternativy zapojenia viacerych riirkovych vvmennikov tepla. MoézZu byt

pouzité teplonosné médid kvapalné aj plynné, ako aj rozne chladivd.
PouZitim tohto vypoctu je mozné dimenzovat cerpadld alebo ventild-
tory, co md priamu spojitost s prevadzkovymi a investicnymi nakladmi.

Tlakové straty, ktoré vznikaju pri prudeni skutoénych tekutin
potrubim a vymennikmi tepla, mozno rozdelit na straty trenim
a straty vradenymi (miestnymi) odpormi. Straty trenim vznikaju
v celom objeme prudiacej tekutiny (t. j. v celom prietocnom prie-
reze a na celej dizke potrubia), straty vradenymi odpormi sa
obmedzuju len na tu Casf, kde dochadza k naruSeniu pradu
(k deformacii rychlostneho profilu).

Tlakové straty mozno pocitat z dvoch zakladnych vztahov:
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pre vypodet tlakovych strat rovnej Zasti dizky 1 [m](dizkovej
straty) a vautorného prierezu d, [m] .

2

by Apm = zg% p [Pal, )

pre uréenie miestnych odporov tvarovych kusov, vstupov a vystu-
pov rurok vymennika tepla z rirkovnice, zmeny prierezu a pod.,
kde:

3£ - sucet vSetkych miestnych odporov,
w - stredna rychlost prudu [m.s'],
p - Specificka hustota pridiacej tekutiny [kg.m™],

A - suCinitel trenia [-],
d, -ekvivalentny priemer rurky, u nekruhového priemeru
45 .
d,= TR u kruhového prierezu d, = d,
kde: S - plocha [m?],

U - obtekany obvod [m].

This paper tells deals withe the calculation of pressure losses of
heat exchangers and its individual parts. Local and length pressure
losses in circular sections and also sections of different shape are dealt
with. There are different alternatives of tubular heat exchangers
connection. Liquid and gaseous heat carrying agents and various
coolants can be used. It is possible to dimension pumps or ventilators by
this calculation. Operation and investing charges also depend on that.

Pressure losses that are built up in real fluid flow through
a pipeline and heat exchangers can be divided into losses by
friction and local resistance.

Losses by friction are built up in the whole volume of flowing
fluid (that means the losses by local resistance are limited only to
that part where there is current impaired in the whole through-
flow section and pipeline length).

Pressure losses can be calculated from two basic relations:

2
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[Pa], (D

for calculation of pressure losses of the straight part of length
1 [m] (length losses) and inside diameter d, [m].

2

by Apm = zg% p [Pal, ©)

for determination of local resistance of formed pieces, fittings
inlet and outlet of tube of heat exchanger from the tube plate,
section change and so on. Where:

3. - the total of all local resistance,
w  -the middle speed of flow,

p - specific density of flowing fluid,
A - coefficient of friction,

d, - equivalent diameter of the tube, with not circular section

48
d,= 7 with circular section d, = d,

e

where: S - surface [m?],
U - by passed circuit[m].
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Celkova tlakova strata bude tvorena suctom tlakovej straty miest-
nej aj dizkovej:

A—)\l+2 e P 3
P =AY 13 5P [Pa]. (3)

Tlakova strata dizkova
Hodnota sucinitela trenia A [-] zavisi od druhu prudenia, teda
od hodnoty Reynoldsovho ¢isla a od drsnosti stien potrubia.

Pri laminarnom pradeni, R, < 2320 nem4 drsnost potrubia
na tlakové straty trenim Ziaden vplyv a sucinitel trenia A zavisi len
od hodnoty R,.

Plati vSak:
= 64 @
R’
wd,

kde R, = —, pricom:
v

w - rychlost prudenia tekutiny [m.s],
d, - ekvivalentny priemer potrubia [m],
v - kinematicka viskozita prudiacej kvapaliny [m%s'] .

Pri vysSich hodnotach Reynoldsovho Cisla spociatku zavisi
sucinitel trenia prevazne od hodnote R, . Jeho vplyv vSak postupne
kles4, aZ pri velkych hodnotach R, (R, > 10000 - turbulentné pru-
denie) postupne zmizne. Sucinitel A potom zavisi len od pomernej
drsnosti rurok. Tlakova stratu mozeme ovplyvnit len drsnostou
potrubia. Zmena viskozity sa v tomto pripade neuplatni.

Pre turbulentné prudenie sa v literature uvadza viac rovnic,
napr. pre hladké rurky do R, = 8.10* nasiel Blasius empiricky
vztah:

A =0,3164.R,7%% . (5)
Hermanov vztah plati az do hodnoty R, = 1,5 . 10°:

A =0,0054 + R, (6)

Teoreticky odvodil rovnicu pre sucinitela trenia v hladkych

rurkach Prandtl. Jeho vzfah upraveny do explicitného tvaru plati
s max. chybou 1 % do R, = 108:

)= 0,309 . %
It R\
o

&7
Potrubie mozno povazovat za hydraulicky hladké, ak plati:

k 30

; = R 0875 (¥)
e

Total pressure loss is given by total of local and length loss:

2

1 w
Ap = (/\; + 2§> : TP [Pa]. 3)

Length pressure loss

Value of the coefficient of friction A [-] depends on the kind
of flow, the value of the Reynold’s number and roughness of
pipeline walls.

The roughness of pipeline in laminar flow R, < 2320 does
not have an influence on pressure losses by friction. The
coefficient of friction depends only on the R, value.

It is valid that:
A= 64 @
R

4

wd,
where: R, = —, where:
v
w - the speed of fluid flowing [m.s"],
d, -equivalent diameter of pipeline[m],
v - kinematic viscosity of fluid [m>.s"].

With a higher value of the Reynold’s number, the coefficient of
friction depends mainly on value R,. Its influence gradually declines
in high values of R, (R, > 10000 - turbulent flow).It gradually
dissappears. Coefficient A depends then only on the relative rough-
ness of tubes. Pressure loss can be influenced only by the roughness
of the pipeline. There is no change of viscosity in this case.

There are the equations for turbulent flow mentioned in
literature. For example, for the smooth tubes to R, = 8.104,
Blasius found the empiric relation:

A =0,3164.R,~"%. 5)
Herman’s relation is valid to value R, = 1.5 . 10°:
A =0,0054 + R,7%3. (6)

He derived theoretically the Prandtl equation for the
coefficient of friction in the smooth tubes. His relation remade to
explicit form is valid with the maximal mistake 1% to R, = 108:

Lo 0309 -

R \2
I e
0g7

A pipeline can be considered as hydraulically smooth if :

k 30
; = R 0875 (3)
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kde: k- skutocna drsnost stien potrubia [m],
d - priemer prieto¢ného prierezu [m].

Hodnoty skutocnej drsnosti k pre rézne druhy rurok su
uvedené v tab. 1.
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where k - real roughness of pipeline walls,
d - diameter of through-flow section,

The values of the real roughness k for different types of tubes
are shown in Tab. 1.

Hodnoty absolutnej drsnosti potrubia k [mm] Tab. 1 Values of absolute roughness of pipeline k [mm] Tab. 1
Druh potrubia Drsnost stien Type of pipeline Roughness
k [mm] of walls
Tahané rurky medené technicky hladké 0,00135 az 0,00152 Stretched copper tubes Technically smooth | 0.00135 - 0.00152
Sklenené a z plastov hladké 0,00162 Glass and from plastic Smooth 0.00162
Bezsvové ocelové rirky | nenatrené - nové 0,015 Seamless steel tubes Uncoated -new 0.015
natrené - nové 0,0305 Coated - new 0.0305
natrené - po dlhsej -after longer period
dobe prevadzky 0,152 of operation 0.152
Potrubie z ocelového valcovany plech 0,04 a7 0,10 Pipeline from steel plate | Rolled plate 0.04-0.10
plechu galvanizované 0,008 Galvanized 0.008
po dlhsej dobe after longer period
prevadzky 1,0 az 2,0 of operation 1.0-2.0
Liatinové nové nenatrené 0,015 az 0,305 Cast-iron new Uncoated 0.25-0.305
natrené 0,061 az 0,152 Coated 0.061-0.152
Betonové kanaly hladené 0,3az0,8 Concrete canal Smooth 0.30.8
drsné 1,0 az 3,0 Rough 1.0-3.0
Zelezobetonové hladené 0,1 az 0,15 Ferro-concrete Smooth 0.1-0.15
drsné 0,2az0,8 Rough 0.2-0.8
Gumové hadice 0,1 az 0,3 Rubbercoated hoses Very rough 0.2-0.3
Pogumované hadice vel'mi drsné 0,22az0,3 Leather hoses High-quality 0.15
KozZené hadice kvalitné 0,15 Brick tubes Smooth 0.610-3.048
Tehlové rirky glazované 0,610 az 3,048 Gravel masonry 6.096-15.24
Strkové murivo 6,096 az 15,24 Flax or hemp hoses Common or
Oanové alebo konopné | obyajné alebo rubber-coated 0.5-0.8
hadice pogumované 0,5az0,8 Bricks 2.0
Tehly 2,0 Building stone 8.0-15.0
Stavebny kamen 8,0az 15,0

V rurkach s drsnym povrchom stien su odpory prudenia
vacsie nez v rurkach hladkych. Sposoby vypoctu hodnoty A su
rozne, napr. podla Zimmermana-Galavicze plati:

Re
) <log IOS,S.dl.l) ) ©)

kde A, je sucinitel trenia pre hladké rurky. Tento vztah dobre
vyhovuje pre ocelové rurky.

8.6.107*
A=A+ 4028

Tlakova strata miestna

Tlakové straty miestnym odporom vznikaju pri prudeni
tekutin Gasfami potrubia (oblukom, kolenom, odbockami, posu-
vaémi, ventilmi a pod.), kde dochadza k miestnemu naruseniu
(rozvireniu prudu).

The resistance of flow is higher in the tubes with a rough
surface than in smooth tubes. However, the ways of calculation of
A value are different, for example, by Zimmermann-Galavicz:

Re
) (log 105‘5.dl'1>’ ©)

where A, is the coefficient of friction for the smooth tubes.
This relation is suitable for steel tubes.

8.6.107*
A=A, + 4028

Local pressure loss

Pressure losses by local resistance are built up in fluid flow in
special parts of a pipeline (bend, branch pipe, valve, ...) where
there is local dislocation of flow.
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Hodnoty sucinitela trenia A pre hydraulicky

Values of friction coefficient A for hydraulically

drsné potrubia. Tab. 2
Relativna drsnost Suginitel trenia

€=kld A

0,00002 0,00901
0,00005 0,01054
0,00010 0,01197
0,00020 0,01371
0,00050 0,01669
0,00100 0,01961
0,00200 0,02339
0,00250 0,02485
0,00500 0,03033
0,01000 0,03785
0,02000 0,04858
0,02500 0,05299
0,05000 0,07142

rough pipelines. Tab. 2
Relative roughness Coefficient of friction

€=kld A

0.00002 0.00901
0.00005 0.01054
0.00010 0.01197
0.00020 0.01371
0.00050 0.01669
0.00100 0.01961
0.00200 0.02339
0.00250 0.02485
0.00500 0.03033
0.01000 0.03785
0.02000 0.04858
0.02500 0.05299
0.05000 0.07142

Pre jednotlivé pripady sa tlakova strata vypocita zo vztahu:

For individual cases the pressure loss is calculated from the relation:

w? W
Ap,, = 57 p [Pa], (10) Ap,, = 57 p [Pa], (10)
kde & je bezrozmerny sucinitel vradeného odporu. where ¢ is dimensionless coefficient of the local resistance.
Velkost miestnych odporov £ u niektorych armatur. Tab. 3 Size of local resistance & in some cases. Tab. 3
Druh odporu ¢ | Druh odporu £ Type of resistance ¢ | Type of resistance £
Uzatvaraci ventil 4 -7 |Redukcia - zuZenie plynulé| 0,1 Closing valve 47 gi)(iliic;;on - continuous 01
Vytlaény il ke 5-7 |Redukcia - zuzenie nahl 1
ytlaény ventil kompresora edukcia - zuzenie néhle ,0 . Reduction - sudden
Saci ventil kompresora 12 - 15 | Postiva¢ 0,3-10 Delivery valve of compressor 57 tapering 10
Vtok z nadrze do rurky 1,7 |Obluk R =2,5d 0,14 Sucking valve of compressor | 12-15 [Gate valve 0.3-1.0
Rozdelovaé (vystup) 0.5 |Obluk R = 1.0d 0.3 Inlet from the tank to tube | 1.7 |Bend R=2.5d 0.14
7 10 |Oblk R - 05 20 Distributor (outlet) 0.5 [BendR=1d 0.3
& (vst ’ ik R =0, ’
erac (vstup) " Collector (inlet) 1.0 |BendR=0.5d 2.0
Ventil priamy 10 [ Ventil Sikmy 3,5 Globe valve 10 |Skew valve 35

Sucinitele ¢ jednotlivych vradenych odporov sa algebraicky
spoCitaju. Miestne odpory mozno vyjadrif tiez ekvivalentnou
dizkou potrubia /. Celkovy odpor prudenia alebo odpovedajici
priemer potrubia mozno uréit zvicienim skutoénej dizky potrubia
o sucet ekvivalentnych dizok, podla vztahu:

)\le w _ng (11
a 2P
&d
kde: [, =—. 12
=y (12)

Ekvivalentna dizka [, zavisi tiez od hodnoty Reynoldsovho
Cisla R,, lebo zavisi od hodnoty sucinitela trenia ¢ ktory je funk-

Coefficient £ of an individual local resistance is algebraically
summed up. The local resistance can also be expressed by an
equivalent length of pipeline /,. The total resistance of flow or its
diameter of pipeline can be determined by the rise of the real length
of pipeline about the total of equivalent lengths by the relation:

oW 2

AL —p=¢—p, 11

1 3P §—p (11)
&

where: l‘,:T. (12)

Equivalent length /, also depends on the value of the
Reynold’s number R, because it depends on the value of coefficient
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ciou R,. Soucinitel' vradenych odporov A zavisi len na geometric-
kého tvare odporovej Casti potrubia, bez ohladu na to, aké
médium prudi v danom priemere.

Celkova tlakova strata
Vysledna tlakova strata pri prudeni média potrubim je dana
suctom tlakovej straty miestnej a dizkovej:

A—)\l+2 2 P 13
P =AY ¢ 5P [Pa]. (13)

Vsetky udaje v hydraulickych odporoch platia len pre izoter-
mické prudenie tekutiny. S vplyvom zmeny teploty (neizoter-
mické) prudiaceho média sa pocita len s tym, ze vsetky veliCiny
potrebné pre vypocet (rychlost, Specificka hmotnost, kinematicka
viskozita) sa vztahuju na strednu teplotu média. Tato analyza vSak
nie je velmi spravna, presny vypocet odporu je nemozny. Pri
neizotermickom prudeni musime pocitat s prirodzenym tahom
posobenia nahor a braniacim nutenému pohybu ohrievanej kva-
paliny nadol. Pri opa¢nom prudeni kvapaliny sa tento odpor
zmensSuje. V takychto pripadoch, ak je to mozné, je najlepsie zistit
odpor experimentalne.

Vypocet tlakovych strat pri prideni vo vnitri rirok

Tlakova strata trenim v kruhovej rurke sa spocita zo vztahu
(1). Pri kruhovej rurke je hodnota ekvivalentného priemeru
d,=d.

Celkova tlakova strata prietoku kvapalinou vnttornou rirkou
vymennika tepla sa pocita podla vztahu:

A—)\i+2 W—2 P 14
P=117 £ S, P [Pa], (14)

1

kde ¢ je suéet miestnych odporov pri vstupe a vystupe do
vymennika tepla a prietokom cez jednu rurku.

Vypocet tlakovych strat pri prudeni na vonkajsej
strane rurok
Pri vymenniku rirka v rarke (obr. 1.) moézZeme tlakovu stratu
pocitat zo vztahu:
Apc = Ap, + Ap, [Pal, (15)
kde: Ap, - tlakova strata trenim dizkovymi aj miestnymi odpormi
pri pozdiznom obtekani medzirurkového priestoru [Pa]
podla vztahu (13),
Ap, -tlakova strata nabehovej Casti pri prudeni kvapaliny
Sikmo k rurke [ Pa ], pricom

pre hodnotu Apj; plati: Ap, = 2y(¢).Apgy- [Pa], (16)
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of friction A which is the function of R,. The coefficient ¢ depends
only on geometrical shape of resistance part of pipeline. There is
no regard to the kind of the medium which flows in the section.

Resultant pressure loss
The resultant pressure loss with a medium flowing through
a pipeline is given by the total of the local and length loss :

2

1 w
Ap = (/\;+2§)~7p [Pa]. (13)

All data in a hydraulic resistance are valid only for isothermal
fluid flow. With the influence of temperature change (not
isothermal flow) of the flowing medium, it is calculated that all
quantities needed for calculation (speed, specific weight,
kinematic viscosity) refer to the middle temperature of the
medium. This analysis is not very proper. Proper calculation of
resistance is impossible. With the non-isothermal flow we must
calculate with a natural draught that appeals upwards and resists
the positive movement of heated fluid downwards. In such cases,
if possible, it is better to estimate the resistance experimentally.

Pressure losses calculation in flow inside of pipelines

Pressure loss by friction in a circular tube is calculated from
the relation (15). The value of the equivalent diameter in circular
tube d, = d.

Total pressure loss with fluid flow through the inside tube of
a heat exchanger is calculated by the relation

2
AT

i [Pa].

(14)

where 3¢ is the total of the local resistances in inlet and outlet of
heat exchanger and the flow through one pipe.

The calculation of pressure losses
with flow on outside of tubes
Pressure loss in the exchanger tube in tube (fig. 1) can be
calculated from the relation:
Apc = Ap, + Ap, [Pal, (15)
Where: Ap, - pressure loss by friction by length and local
resistance with longitudinal by - pass of intertubes
space [Pa] -by relation (13)
Ap,- pressure loss of start - up part with fluid flow
skew to tube [Pa],

Value: Ap, = 2y(¢).Apgy- [Pa], (16)
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kde: Apyq- - tlakova strata nabehovej Casti pri prudeni kolmo ku
zvéazku rurok [Pa],
- opravny sucinitel, ktory je funkciou uhla nabehu

prudenia na zvazok rurok.

)

Hodnoty opravného sucinitela

Where: Apgy,. - pressure loss of start - up part in flow
perpendiculary to tubes bunch [Pa],
corrective coefficient, which is function of angle

of start-up flow to tubes bunch.

o) -

Values of corrective coefficient

v zavislosti od uhlu nabehu ¢. Tab. 4 in dependence on the angle of start-up ¢. Tab. 4
1) 90° |80° |70° |60° |50° |40° |30° |20° |10° [0 90° |80° |70° |60° |50° [40° |30° |20° |10°
()| 1,00 |1,00 0,95 |0,83 |0,69 |0,53 |0,38 |0,24 |0,15 Y(p)| 1.00 |1.00 [0.95 |0.83 |0.69 |0.53 |0.38 |0.24 |0.15
Zo vztahu (13) za ekvivalentny priemer d, dosadzujeme | Equivalent diameter from the relation (13) is:
hodnotu (obr. 1):
4 wdy  wd A wd>  wd
48 4 4 &-d 45 4 4 d; — di
4 == = = . (7 d,=—= = : (17)
U 7d, + d, d, + d, U 7d, + d, d, + d,
lt’a
te =W N
x 7 Qf

e,

Obr. 1 Prudenie kvapaliny v medzikruhovom priereze
Fig. 1 Fluid flow in annular section

Pri vymenniku tepla s rdrkovou sustavou so vstavanymi
usmerfiovacimi deliacimi plechmi by bolo mozné povazovat pru-
denie na vonkajSej strane rirok za niekol'konasobny Sikmy prad
s niekol'konasobnym ohybom.

Flow on the outside of the tubes could be considered with

a multi-skew flow with a multi - bend in a heat exchanger with built
in direct parting plates.

&

&

& .

Obr. 2 Vymenik tepla s rirkovou stistavou
Fig. 2 Heat exchanger

V tomto pripade je mozné povaZovat prudenie za pozdizne
okolo zvizku rurok so Sikmym nabehom a §ikmym vystupom. Za
ekvivalentny priemer d, sa potom dosadzuje (obr. 2):

In this case, it can be said that the flow is longitudinal around

tubes bunch with skew start-up and skew outlet.

The equivalent diameter d, in this case is as in the (Fig. 2):
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wD? wd3
HN——n— 2 2
_ 45 4 4 D” — nd,

4 =22 - : (18)
U 7D + nd, D + nd,
kde: n - pocet rurok [-],

D - vonkajsi priemer rurky [m].

V medzirurkovom priereze spravidla vychadza laminarne pru-
denia (R, < 2300) a sucinitel trenia A ur¢ime zo vztahu (3).
Rychlost prudenia kvapaliny w [m.s™'] sa uréuje z najuzsieho prie-
rezu medzi rarkami. Pri prudeni kvapaliny kolmo ku zvazku rurok
sa odpor povazuje za odpor vzniknuty z miestnych odporov
a pocita sa podla vztahu:

2

Ap = Ef% p [Pal. (19)

Odpovedajuci stucinitel miestneho odporu celého vymennika
mozno ziskat zo vztahu pre striedavé rurky:
pre S,/ dy <S;/ d,

&= (4 + 6,6.m).R,~*%, (20)

pre S,/ dy>S;/dy, &= (54+34mR, "%, 21

S \-0.23
pre rurky v zakryte: £ = (6 + 9.m) - 7’ R0 (22)

kde m je pocet rurok za sebou v zakryte v smere prudenia.

Rychlost w - odpoveda najmensSiemu prietocnému prierezu
medzi rurkami. Reynoldsovo ¢islo sa pocita pre priemernu teplotu
kvapaliny a vonkajsi priemer rurky.

Pri urceni tlakovej straty v rurkach, ktoré sa od seba liSia prie-
merom, a teda aj rychlostou prudenia, urci sa tlakova strata ako
sucet strat v jednotlivych usekoch.

To znamena, Ze ak je za sebou sériovo zapojenych dva alebo
viac vymennikov tepla (obr. 3), celkovu tlakovu stratu vypocCitame
zo vztahu (23).

Vi

Ap, Ap,

Ap,
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wD* wd3
H———n— 2 2
_4s 4 4 D" — nd,

7D + nd, - D+nd,’

(18)

where: n - number of tubes [-],
D - diameter of heat exchanger [m].

Laminar flow is (R, < 2300) in intertube diameter.

The coefficient of friction is determined from the relation (3).

The speed of fluid flow w (ms") is taken from the lowest
section between tubes.

In fluid flow perpendicular to the tubes bunch is the
resistance considered as the resistance composed of local
resistances. It is calculated from the relation:

2

Ap = 25% p

[Pa]. (19)

The proper coefficient of local resistance of the whole
exchanger can be gained from the relation for alternating tubes:
&= (4 + 6.6.m).R,~*%,

for S,/ dy < S,/ d (20)

forS,/d,>S;/d, &= (54+3.4mR, "%, 21

S \-023
for pipes in parallel: £ = (6 + 9.m) - j’ CR7%% (22)

where: m is number of tubes placed one by one in lining up in
flow direction. Speed refers to the lowest flow section
between tubes.
R, is calculated for the average temperature of fluid

outside diameter of the tube.

In determination of pressure loss in tubes which are different
from each other (diameter, flow speed), pressure loss is
determined as the total of losses in individual sections.

That means if two or more heat exchangers are connected in
Fig. 3 serial one by one, the total pressure loss is calculated by the
relation (23):

V;

Ap, Ap,

Obr. 3 Schéma sériového zapojenia vymennikov tepla
Fig. 3 Heat exchanger serial schematic diagram
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Ape=Ap, + Ap, + ... + Ap, [Pa], (23)
kde: Ap. - celkova tlakova strata [Pa],
Ap, - Aps - dizkov4 a miestna tlakova strata spojovacich

potrubi a vymennikov tepla.

Celkova tlakova strata vo vymennikoch sa pocita cez 1 rirku
(staci urCif preteCené mnozstvo a rychlost prudenia cez jednu
rurku). Ak su vymenniky zapojené paralelne (obr. 4) oznacuje sa
tlakova strata len cez jeden vymennik tepla (V;), presnejsie len cez
jednu rurku. Predpokladom vsak je, Ze oba vymenniky tepla su
rovnakej vel'kosti a konStrukcie. Vyslednu tlakovu stratu mozno
potom urcit podla vztahu (24).

Apc= Ap, + Ap, + Ap; + Ap, + Aps [Pa]. (24)

Ap-=Ap, + Ap, + ... + Ap, [Pa], (23)
where: Ap. - total pressure loss [Pa],
Ap, - Aps - length and local pressure loss of connecting

pipelines and heat exchangers.

Total pressure loss in exchangers is calculated through 1 tube
(it is enough to determine overflowing quantity and flow speed
through one tube).

If exchangers are connected in parallel (Fig.4), the pressure
loss is determined only through one heat exchanger (V)), to be
exact - only one tube. Supposing that both exchangers are the
same size and construction, the resultant pressure loss is
determined by the relation (24).

Apc=Ap, + Apy + Aps + Apy + Aps

[Pa]. (24)

V, |

Ap,
Ap

2

/ V1

) Aps
Ap

4

Ap,

Obr. 4 Schéma paralelného zapojenia vymenikov tepla

Fig. 4 Connection of heat exchangers - parallel

Pomocou takto vypocitanej tlakovej straty mozeme potom
dimenzovat ventilator alebo Cerpadlo podla toho, aké médium
preteka vymennikom tepla.

Rychlost prudenia pretekajuceho média ma vplyv na inten-
zitu prenosu tepla a teda aj na velkost teplonosnej plochy, naklady
na tato plochu a prikony Cerpadla alebo ventilatora. Pri malej
rychlosti sa zmenSuje prikon a teda sa znizuju prevadzkové
naklady a zvdéSuje sa plocha vymennika tepla a investicné
naklady. Najvyhodnejsia rychlost z ekonomického hladiska je,
samozrejme, ta, pri ktorej sucet investicnych a prevadzkovych
nakladov dosahuje najnizsie hodnoty.

Recenzenti: J. Basta, K. Honner
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With pressure loss calculated like this a ventilator or pump
can be dimensioned, depending on what medium is flowing in the
exchanger.

The flow speed of the flowing medium has independence on
heat transfer intensity and also on heat carrying surface size, costs
for this surface, and pump and fan power inputs. In low speed,
power input is lowered and so operation costs are lower and the
surface of heat exchanger and investment costs is increasing. The
most appropriate speed from economical point of view is, of
course that where the total of investment and operational costs
reaches the lowest values.
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