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The purpose of this work is to investigate the
influence of the velocity of airflow wrapping the outer
surface of the convector’s heat exchange apparatus on
some of the parameters of laboratory reversible heat
pump installation working in "cooling" regime. For
this purpose the average values of the heat convection
coefficients, heat transfer coefficient, convector’s heat
flow, coefficient of performance, duration of heat
pump work, have been determined at the different
values of airflow velocity. When the installation
works in “"cooling" regime. the heat pump heat
exchanger in the outer circle is a condenser, and that
the inner circle is an evaporator. In the evaporator the
refrigerant takes heat emergy from the cold water,
circulating in the inner circle, and in the condenser the
refrigerant gives heat energy to the hot water,
circulating in the outer circle. The convector takes
heat energy from the ambient air in the room and
decreases its temperature. In “‘cooling” working

regime the water in the buffer represenis the low
temperature heat source, to which the installation
gives heat energy by the heat pump condenser.
required to the heat pump work. In order the
laboratory installation works for a long time without
increasing considerably the temperature of the buffer
water (the laboratory installation simulates work of a
heat pump installation. giving heat energy to an
underground water source). it is necessary to achieve a
stratification of the water in the buffer. Nowadays,
improving the quality of life requires thermal comfort
and air quality accommodation, regardless of external
conditions. To achieve these goals using heat pump air
conditioning systems.

Kevywords: “cooling” working regime,
airflow velocity, heat convection coefficients, heat
transfer coefficient, convecior’s heat flow, coefficient
of performance, duration of working heat pump.

UCCJENOBAHME ITAPAMETPOB BO3BPATHO-IIOCTYIIATEJIBHOM
JABOPATOPHO! YCTAHOBKH TEILIOBOI'O HACOCA, PABOTAIOILIEN B
PEXXMME «OXJIAYKJIEHHE»

Kuexo Jumumpos Kones

Lens pganHOl paboTel ABIACTCA H3YMEHHE
BIWAHHA CKOPOCTH MOTOKA BOOyXa OOEPTHIBAHHA
HAPY>KHOH MOBEPXHOCTH TEIUIOOOMEHHBIX AMMAPATOB
KOHBEKTOPA, HA HEKOTOpPBIE MAPAMETPHI BO3BPATHO-
MOCTYMATENIBHOH N1A60PATOPHOH YCTAHOBKH TEILIOBO-
ro Hacoca, paboraromeii B pekuMe "OXJMAKACHHE",
Jlng 31010, CpenHHE 3HAYCHUA KO()PUIMECHTA TSMIO-
BOH KOHBCKLMH, KOMp(HUMEHTA TEMIONEepena4H.
NOTOK TEMIOOOMEHA MEXTY BO3OYXOM H OKpYXKa-
rolLei cpenoif KoHBekTOpa. Ko3hHLUHEHT TpaHC(HOp-
MalHH, TNpPOJODKHTEIILHOCTH paloThl  TEMIOBOTO
Hacoca. ObUTH ONMPENCEHBI HAa PA3IHYHBIX 3HAYCHHAX
CKOPOCTH BO3AYIMHOTO moToKa. IlpH 3KCIUTyaTaluu
YCTAHOBKH B PesKUMeE "OXJTaKIeHHE", TeNNO0OMEHHUK
TEMJIOBOIQ HAcoca BO BHCINHEM KPYTe NMPEICTABIACT
KOHJACHCATOP, BHYTPEHHHH KpyT — HCHapHTens. B
HCMAPHTENb, XMATATCHT MNPHHEMAeT TEemIo OT
LHPKYJHPYIOWCH BO BHYTPSHHHH Kpyre XOJIOTHOMH
BOIbI, B TO BPeMd KAK XJIAJATEHT KOHISHCATOP JAeT
MPHIOTOBJICHHE TOPMYSH BOIBI, UHPKYJIUPYIOLICH BO
BHEIIHHH Kpyre. KoneekTop Geper Temno u3 Bo3oyxa
B KOMHATE M YMEHBLIASTCA ero temmeparypy. Ipu
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paboTe YCTAHOBKH B POXHME "OXJAKICHHE", BOJA
ABIAETCA HCTOYHHKOM TOIUIA, KOTOPBIH JAeTCA NpH
pabore Temmosoro Hacoca. B maboparopoii
YCTAHOBKE 1A TOro, 4rodel paboTat B TeMEHHE
ITHTE IBHOTO BpeMeHH  0e3  3HAMHTENBHOTO
MOBBILCHHS TEMOEpaTyphl Boael B OydepHoi
(MOASMpPYEMOIT 3KCIUTYaTAllHH YCTAHOBKH TEIIOBOTO
HAcoca. 4TO JACT TEMWIO ¢ HCTOYHHKA MOA3ZEMHBIX
BOI). 3TO HEOOXOAHMO JJA JOCTH/KEHHA CTpaTH(H-
KalHI0 BoAbI B Oydepe. B HacTosInee BpeMs. yayu-
IICHHE KAYECTBA KU3HH TpefyeT TEIIOBOro
koMpopTa M KAYeCTBA BOFAYXA, HE3ABHCHMO OT
BHCIMHHX YCAOBHH. JI9 NOCTHXKCHHA 3THX LENCH ¢
MOMOINBI0 CHCTEM KOHIHIHMOHHPOBAHHA BO3AyXa C
CHCTEMAaMH TEIIOBBLIM HACOCOM.

KmoueBble ¢10Ba: pexcun "oxnascoente”,
CKOPOCH® IOMOKQ 8030VXa, KO3(dhuyuenm mennoeoil
KOHGEKYUY, KOIPuymenm menronepedads, menno-
GOH  NOMOK MERTOOOMENa MeXCOV  e030yXoM U
OKpYHCAIOWent cpedoll KOHGEKMOPA, Koaghuyuerin
MPARCHOPMAYUL,  RPOOOINCUMETLHOCHL  pabomtvl
MENTOBO20 HACOCA.
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Introduction

In this article the influence of the set
operating parameters of water-air convector in
laboratory reversible heat pump installation,
working in “cooling” regime, on some of the
installation parameters has been investigated. For
this purpose, the next parameters have been
determined at different values of the airflow
velocity, generated by the convector’s fan: the
average values of the heat convection coefficients
of the convector; average value of the heat
transfer coefficient of the convector: average
value of the heat flow, exchanged between the
ambient air and the convector; average value of
the heat pump coefficient of performance;
average value of the heat pump work duration.

Objectives

The purpose of this work is to investigate
the influence of the velocity of airflow, wrapping
the outer surface of the convector’s heat
exchange apparatus, on some of the parameters
of laboratory reversible heat pump installation,
working in "cooling" regime.

Procedure

1. Principal schemes and description of
the laboratorv heat pump installation in “cooling”

working regime

1% MMD

3bar ]

The principal scheme of the laboratory
installation is shown on Figure 1 [1, 5, 6].

The heat pump is water-water type, brand
CEAT, model Aurea 20.

The convector is brand BUMYANG,
model FVC20MLL2.

When the installation works in "cooling"
regime, the heat pump heat exchanger in the
outer circle is a condenser, and that the inner
circle is an evaporator. In the evaporator the
refrigerant takes heat energy from the cold water,
circulating in the inner circle, and in the
condenser the refrigerant gives heat energy to the
hot water, circulating in the outer circle. The
convector takes heat energy from the ambient air
in the room and decreases its temperature [1, 2, 3,
5. 6].

In “cooling™ working regime the water in
the buffer represents the low temperature heat
source, to which the installation gives heat
energy by the heat pump condenser, required to
the heat pump work. In order the laboratory
installation works for a long time without
increasing considerably the temperature of the
buffer water (the laboratory installation simulates
work of a heat pump installation, giving heat
energy to an underground water source), it is
necessary to achicve a stratification of the water
in the buffer. Therefore, in "cooling" working
regime the principal scheme shown on Figure 2
has been used.
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Fig. 1. Principal scheme of the laboratory installation
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Figure 2. Principal work scheme of the outer
installation circle

The positions of the elements on Figure 2 are as
follows: 1 - circulation pump: 2, 3 and 6 - open
valves; 4 and 5 - closed valves; 7 — water buffer; 8
— from the heat pump.

2. Input parameters of the installation of
the investigated “cooling” working regime

Table 1. Input parameters in “cooling” working regime

Velocity of the
Setting of Setting of the Setting of the 1mﬁ£:g:1lgeg§on
the Settings of the | circulating pump circulating pump | Temperature of the of tharites
convector’s heat pump in the inner in the outer ambient air . £ 1he heat
fan installation circle | installation circle BUELACS O TIC. s
exchange
apparatus
degree temperature of B
“LOW” heat pump tarrlblemair =2373 C “"3 :0.92 m/S
switch
d ts= 10,7 °C; . o s -
E/Iglr]ge temperature of V;=0,000255 m” /s | V.=0,000319 m” /s ooy =233 °C w,=251m/s
heat pump
shutdown
“(Iiilgéel'er’ t4 & 7.2 OC tmnbler!aj.r =23a3 °C “’2 :5.06111/5

Since, as the laboratory in which is
located the installation has a relatively large
volume, and because, that experiments haven’t
been very long, it has been assumed that the

ambient temperature t remains constant

ambient air

within the respective experiment.
The average temperature of the water in
the buffer remains approximately equal to

t within the respective experiment.

ambient air *
Results and discussion
1. Investigation the influence of the
airflow velocity w, on the heat convection

the the
convector tubes and their inner surface
The heat convection coefficient @, has

coefficient o between water _in

been determined by a criterion equation [1, 4, 5,
6].
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The change of the coefficient o when

there is a change of the velocity w, of the
airflow in the narrowest section of the outer
surface of the heat exchange apparatus, is shown
on Figure 3.
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Fig. 3. Graphical dependence
between o and w,

The heat convection coefficient O
changes in many small limits. For the change of
airflow velocity from 2,51 to 5.06 m/s, it can be
made the conclusion that the increase of the heat
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flow Q. and the decrease of the temperature

difference between the temperature of the inner
tubes surface and the water temperature in the
central cross sectional area of tubes, have been
compensated. On the other hand, according to the
method for determination the heat convection
coefficient by a criterion equation, it can be made
the conclusion that due to the small change of the
average water temperature in the convector tubes,
there is a small change of the water physical
parameters and hence of the criterions Re and Nu

2. Investigation the influence of the
airflow velocity w, on_the heat convection

coefficient O, between the outer surface of the
convector and the airflow
The heat convection coefficient o, has

been determined by a criterion equation [1, 4, 5,
6].

The change of the coefficient o, when
there is a change of the airflow velocity w,, is
shown on Figure 4.
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Figure 4. Graphical dependence between
o, and w,

The reason for the increase of the heat

convection coefficient o, is the significant

increase of the criterion of Reynolds with the
increase of the airflow velocity. On the other
hand, the air temperature in the convector
increases and its kinematic viscosity increases
too, but it has less influence.

3. Investigation the influence of the

airflow velocity w, on the heat transfer

coefficient U between the water in the convector
tubes and the airflow. wrapping the convector’s
outer surface

The heat transfer coefficient U has been
determined by the equation for single layer flat
wall, ignoring the thermal resistance of the tubes
and ribs [1. 4. 5, 6].

The change of the coefficient U when
there is a change of the airflow velocity w,, is
shown on Figure 5.
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Figure 5. Graphical dependence between
U and w,

A reason for the increase of the heat
transfer coefficient U by increasing the airflow

velocity w, is the increase of the external heat
convection coefficient O,, which has a much
greater influence on U than the reducing internal
heat transfer coefficient @, . As can be seen, the
values of U have been almost similar to those of
oL, [the differences are of the order of tenths and

hundredths of 1 W/(m*.K)].

4. Investigation the influence of the

airflow velocity w, on the heat flow Q...

exchanged in the inner installation circle (in the
heat pump evaporator and bv the convector)

The heat flow Q,,, has been determined

by the basic calorimetric equation [1].

The change of the heat flow Q,_,, when

eva
there is a change of the airflow velocity w,. is

shown on Figure 6.
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Figure 6. Graphical dependence between

Q.,, and w,
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The data for the first two velocities are
comparatively close.
For the increase of the airflow velocity

can be

from 2,51 to 5.06 m/s, the change of Q,,,
explained in the following ways:

» From the perspective of the basic
calorimetric equation, the heat flow in the
convector has increased by increasing the airflow
velocity, because the temperature difference

"ts(convector output) - ty(convector intput)"

increases. On the other hand, the water
temperature in the inner circle almost not
changes.

» In terms of the “Newton — Rikhman™
law by the process of heat convection between
the inner surface of tubes and the water, larger
influence turns the increase of the temperature
difference “(average temperature of the inner
tubes surface) - (average water temperature in the
central section of tubes)” than the change of the
internal heat convection coefficient ¢ .

» From the perspective of the “Newton
-~ Rikhman™ law by the process of heat
convection between the airflow and the outer
surface of heat exchange apparatus, an influence
turns the significant increase of the outer heat
convection coefficient O, .

» In terms of the heat transfer process in
the convector, an influence turns the significant
increase of the heat transfer coefficient U.

5. Investigation the influence of the

airflow velocitv w, on the average coefficient of

performance COP|;, in_“cooling” working

regime (summer regime)

The coefficient of performance COI’lS

has been determined on the base of the heat flow

Q... . exchanged between the ambient air and the

convector, and the consumed by the heat pump
electric power [1, 3, 7].
The change of the coefficient of

performance COP|S when there is a change of

the airflow velocity w,. is shown on Figure 7.

The data for the first two velocities are
comparatively close.
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Figure 7. Graphical dependence between

CoP|; and w,

For the increase of the airflow velocity
from 2,51 to 5,06 m/s, the coefficient of

performance COP]S increases. because larger

influence on it turns the increase of the heat flow
through the convector than the change of the
average clectrical power, consumed by the heat
pump.

6. Investigation the influence of the

airflow velocity w, on the average duration of

heat pump work T

working heat pump
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Figure 8. Graphical dependence between

T and w,

working heat pump

The data for the first two velocitics are
comparatively close.

For the increase of the airflow velocity
from 2.51 to 5,06 m/s, the average duration of
heat pump work increases, because at a bigger
airflow velocity. the convector gives a large
amount of heat to the water in the tubes (the heat

flow Q,,, ) and the heat pump requires more time
to reach its temperature of shutdown (t,) .

Conclusion

The change of the airflow velocity w, in

the narrowest section of the outer surface of the
convector’s heat exchange apparatus, leads to a
significant rate of change of the external heat
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convection coefficient &, and respectively of the
heat transfer coefficient U, while the internal heat
convection coefficient ¢ almost not changes.

A feature of the heat convection process
between the convector’'s outer surface and the
wrapped it airflow is that if the temperature of
this surface reaches the dew point, there will be
obtained a condensation process of a water vapor
on the surface. Thercfore, when there is a
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