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Improving indoor air quality while simultaneously minimizing the consumption of ventilation and air
conditioning systems has received increased attention in recent years (Joo et al. (2012) [1], Le Dreau et al.
(2013)[2], Rackes and Waring (2014) [3], Han et al. (2014) [4], Van den Bulck et al. (2013) [5], Ngoc Quang
etal.(2013)[6], Naumov and Kapko (2013)[7], Naumov et al. (2013) [8]). The standard thermal protection
level of outdoor enclosure structures has increased significantly (Rulebook of the Russian Federation
50.13330.2012 Thermal protection of buildings [9]). In addition, office buildings are characterized by
considerable heat emissions during their operation. Using traditional solutions for heating and ventilation
in the heating period results in wasted energy: outdoor air is heated to the desired temperature in the
air heater of the supply ventilator unit (usually equal to the temperature of the room air); also, the air
conditioning system consumes energy to produce cold air to address the internal heat emissions. The heat
consumption in ventilation systems can be reduced by recirculation. This article presents a discussion
of the advantages and disadvantages of different ventilation systems, including the ventilation scheme
with local recirculation diffusers developed by the authors for rooms with considerable heat emissions.
Based on the analysis of the life cycle cost, the article presents an assessment of the marginal cost of one
local recirculation diffuser for these systems.
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1. Introduction

The article is based on an analysis of present-day researches
about optimum energy use to improve high indoor air qual-
ity [1,3,4,6,8,11], experimental studies of ventilation [2,5,7], heat
recovery ventilation systems [10]. Traditional engineering systems
of public buildings are designed to satisfy the peak parameters of
the outdoor climate and provide the indoor air parameters set for
each system throughout the entire period of operation. Often, to
maintain the required indoor air temperature, engineering systems
must simultaneously consume heat and cold; buildings and rooms
with considerable heat emissions (over 20 W/m?) are an excellent
illustration of this phenomenon. In such buildings and rooms, pri-
marily in the periods when outdoor air temperature exceeds +5 °C,
outdoor air is heated in the supply ventilation heater unit to a set
value, while the air conditioning system addresses the internal heat
emissions by generating cold air. Systems that perform “free cool-
ing” and heat the supply air using internal heat emissions offer a
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solution that eliminates unreasonable energy consumption in such
situations.

Let us consider ventilation systems that assimilate internal heat
emissions by heating the outdoor air, namely, recirculation venti-
lation systems.

Traditional mechanical ventilation systems (MVSs) (Fig. 1) feed
outdoor air in accordance with the sanitary norm (in office build-
ings: 60m3/h per one person). Heat from the outdoor air at
temperature t,,: is used in the heater of the supply ventilator unit
and is subsequently fed into the working area at temperature t;,
which often is equal to the temperature of the indoor air main-
tained in the room, t;,. Heat consumption for heating the outdoor
air will be

Qvent = O~335Lout(ts - tOth)v \W

where Loy is the outdoor air consumption, m3/h.

The heat consumption for outdoor air heating can be reduced
if we use ventilator units with heat recovery from the exhaust air
(HRVS) [10]:

Quent = 0.335Loue(ts — toue J(1 — 7721)» w

where 1, is the median efficiency of the heat recuperator during
the heating period.
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Fig. 1. Structural scheme of traditional mechanical ventilation system (MVS).

The temperature of the exhaust air removed from the upper
zone of the room is teyp.

The outdoor air consumption Ly is equal to the supply air L
and the exhaust air consumption L. Supply air can assimilate the
following amounts of internal heat emissions:

Qassim = 0~335Ls(texh - ts)» \W

If internal heat emissions exceed the heat assimilated by the
supply air, then the air conditioning system proceeds to maintain
the required temperature of the indoor air.

In a traditional central recirculation ventilation systems (CRVS)
(Fig. 2), the standard amount of outdoor air at temperature to,;
mixes with the recirculation air at temperature ¢, in the recircu-
lation chamber. The temperature after mixing in the recirculation
chamber is

Louttout + Lrtexn

, °C
Lout + Ly

tnix =
where L, is the recirculation air consumption, m3/h. The recircula-
tion air consumption may remain constant during the entire period
of ventilator unit operation or can vary to maintain the set value of
i

The heat consumption for heating of the outdoor air will be
lower than the heating in the case of traditional mechanical venti-
lation systems (MVS):

Quent = 0.335(Lout + Lr )(ts — tmix), W

The amount of internal heat emissions that the supply air can
accommodate also increases:

Qgssim = 0.335Ls(texp — ts) = 0.335(Lour + Lr )(texn — ts), W
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Fig. 2. Structural scheme of central recirculation ventilation system (CRVS).
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Fig. 3. Structural scheme of ventilation system with local recirculation diffusers.

As a result, the energy consumption reduces for the genera-
tion of cold air for the air conditioning system. However, using
central recirculation ventilation systems increases the power con-
sumption for moving the ventilation air (instead Loy; = Ls = Loy, in air
ducts moves L = Loy, = Loye +Lr). Moreover, to maintain the desired
speed, the size of the air ducts must be significantly increased, thus
increasing the price of their installation and the share of the useful
volume they occupy in the building. Another disadvantage, which
dramatically reduces the scope of application for these systems, is
that recirculation air transfers hazardous substances to the supply
air, e.g., from one room to all of the other rooms served.

Ventilation systems with local recirculation diffusers (LRDSV)
(Fig. 3) leverage the advantages of central recirculation ventilation
systems and eliminate their disadvantages.

The outdoor air feed is in accordance with the sanitary standard
and is heated in the ventilator unit heater from temperature ty, to
+8 °C (this temperature level is selected to prevent water vapour
condensation on the surface of the insulated ducts); outdoor air
consumption Ly, is equal to the supply air Ls and the exhaust air
consumption L,,;,. The heat consumption for heating of the outdoor
air is less than that in the case of traditional mechanical ventilation
systems (MVS):

Quent = 0.335Lour(ts —8), W

If we include a thermal recuperator in the supply-exhaust ven-
tilator unit (Fig. 4), then the heat consumption for heating the
outdoor air can be reduced to zero.

Supply air at temperature +8°C is fed in accordance with the
sanitary standard to the local recirculation diffuser, where it mixes
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Fig.4. Structural scheme of ventilation system with local recirculation diffusers and
heat recovery in ventilator unit (HRLRDVS).
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Table 1

Comparison of the technical and economic performances of different ventilation systems.

No. Index Type of ventilation system
MSV HRVS CRVS LRDVS HRLRDVS
1 Outdoor air consumption Loy, m3/h 6000 6000 6000 6000 6000
2 Specific annual heating energy consumption 60.2/100% 18.06%/30% 30.4°/50% 30.4/50% 0/0%
for the heating of outdoor air, KW h/m?
3 Specific annual electric energy consumption 6.67°/100% 6.67°/100% 23.35¢/350% 8.45¢/127% 8.45°/127%
for moving ventilation air, KW h/m?
4 Specific annual electric energy consumption 11.57/100% 11.57/100% 1.61/13.9% 09/0% 04/0%
for cooling of the air conditioning system,
kW h/m?
5 Specific annual cost of the energy resources, 5.11/100% 2.70/52.9% 4.02/78.7% 2.51/49.1% 0.77/15.1%
$/m?
6 Annual cost of the energy resources, $ 5110 2700 4020 2510 770
7 Capital costs of the ventilation system, $ 14165 16914 20149 26758¢ 29508¢
8 Life cycle cost for 8 years, $ 55045 38514 52309 46838 35668

2 Median thermal recuperator efficiency in heating period was assumed to be 0.7.

b For this calculation, we assumed the constant recirculation during ventilation system operation to be L, = 15,000 m3/h.
¢ In MSV, HRVS, LRDVS, and HRLRDVS, the volume of air moved is 6000 m3/h; in CRVS, the volume moved is 21,000 m3/h; in LRDVS and HRLRDVS, the volume moved
is 6000 m?3/h; also, electrical energy is consumed by the fans of the local recirculation diffusers (specific electric energy consumption for moving 1 m3/h of recirculation air

assumed for the calculation: 0.08 W per 1 m3/h).
d The internal heat emissions are assimilated by supply air.

¢ The cost of one local recirculation diffuser was assumed to be USD 257 (one local recirculation diffuser assumed to feed 100 m?/h of outdoor air).

with the recirculation air in the room. In this case, the consumption
of the recirculation air must be

_L(t-8)

L ’
' Lexh — s

m3/h
The amount of internal heat emissions that the supply air can
accommodate is

Qassim = 0-335L5(texh - 8)7 W

The use of a ventilation system with local recirculation diffusers
eliminates the spread of contamination from one room to other
serviced rooms in the building. Because the ventilation system with
local recirculation diffusers uses air with higher temperature from
the upper area of the room and feeds this air to the working area,
the vertical air temperature difference in the room is reduced [11].
The adaptability of the system is another advantage: recirculation
air consumption changes depending on the amount of the internal
heat emissions (varying L- maintains the design parameter t; with
the help of the temperature Sensor teyp,).

The authors of this article have designed a ventilation system
with local recirculation diffusers. Currently, the authors, together
with the engineers of LTD “Arktos”, are performing research and
development on the local recirculation diffusers for such systems.
The main objective of the system is to develop a basic design for the
diffusers that will efficiently mix the supply air at the temperature
of 8 °C with the recirculation air in the room at the temperature t,yy
to ensure system adaptability and maintain the best temperature
and speed of the supply air in the working area of the room; the
price of such diffusers must match the minimum life cycle cost of
reference ventilation systems for eight years.

To perform arough estimate of the marginal cost of the designed
local recirculation diffusers, let us examine the above scheme of the
ventilation systems in a building with the following characteristics:

- office building located in Moscow: outdoor air median temper-
ature during the heating period t!, = —2.2 °C, heating period
duration z=205 days;

- useable area of the building: S=1000 m?;

- calculated number of employees: N=100;

- building operation period: from 8:00 to 20:00, n=12h;

- number of working days in the year: m=220days;

- heating energy rate: T;, =0.051 $/kW h;

- electric power rate: T, = 0.092 $/kW h.

We perform the calculation for the heating period and obtain:

— calculated specific heat losses: 40 W/m?;

— calculated specific heat emissions: g, =50.2 W/m?;

- exhaust air temperature: t,,, =22 °C;

- supply air temperature: t;=18°C;

- indoor air temperature maintained in the room: t,=18°C;

- specific electric energy consumption for moving 1 m3/h of supply
air: 0.45W for 1 m3/h; exhaust air: 0.3 m3/h.

The calculations are listed in Table 1.

2. Conclusions

The ventilation system with local recirculation diffusers devel-
oped by the authors enables the reduction of the specific annual
heat energy consumption in office buildings by 50% and the reduc-
tion of the electrical energy consumption (during the heating
period) by 45% compared to traditional mechanical ventilation sys-
tem (MVS).

The results of this research are quite practical and can be used
on real construction sites.

The price of one local recirculation diffuser feeding 100m?3/h
of outdoor air should not exceed USD 257, and specific electric
energy consumption for moving 1 m3/h of recirculation air should
not exceed 0.08 W for 1 m3/h.
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AHHOTAIIUSA

Bonpocy mnoBpleHHs KadecTBa BHYTPEHHETO BO3JyXa IPU MHUHUMAIBHOM
HYHEProONOTPEOICHUH CUCTEM BEHTUIISIIIUU U KOHAUIIMOHUPOBAHUS BO3/IyXa YACIACTCS
Bce Oousbmie BHUMaHus [1-8]. B HacTosmee BpeMs HOPMATHUBHBINM YPOBCHB
TEIUIO3AIIUThl HAPYKHBIX OrpaXkIeHUH 3HaunTeNbHO BhIpoc [9]. [Ipu sTOM oducHbIe
31aHUS.  XAPAKTEPU3YIOTCS  3HAYUTEJIBHBIMH  TEIUJIOBBIACICHUSIMU B  TMEPHUOJ
JKcIUTyaTauuu. [Ipu HCIONb30BaHMM TPANMIIMOHHBIX PEIICHUWA IO OTOIUICHUIO U
BEHTWIALMA B XOJIOAHBIM W MEPEXOIHBIA INEPUOJbI I'OJa BO3HUKAET IEPEPacXo]l
DHEPreTUYECKUX PECYpPCOB: HAPYXKHBIA BO3JyX HarpeBaercs B Kajopudepe
MPUTOYHOM  YCTAaHOBKM JIO  3aJlaHHOM  TeMmriepaTypbl  (OOBIYHO  paBHOU
MO/JJIEP)KMBAEMONl B TOMEIICHUU TEMIepaType BO3lyXa), B TO K€ BpeMms
MOTPEOJISIETCSL XOJIOJT CUCTEMON KOHJIUIIMOHUPOBAHUS BO3JyXa MJI aCCUMWJISLIUU
BHYTPEHHUX TEIUIOBBIACIEHUNA. Pacxoa TEIUIOTBl B CUCTEMax BEHTUIISLMM MOXET
OBITH COKpallleH TMpU MPUMEHEHUHM PEHUPKYISIMU. B craThe paccMOTpPEHbI
MPEUMYIIECTBA M HEJOCTATKA PA3IUYHBIX CUCTEM BEHTWISLUHH, BKIKOYAs
pa3pabOTaHHYIO aBTOPAMH CXEMY BEHTUWJISIIUU C JIOKATBHBIMH PEIUPKYIISIIHOHHBIMU
BO3yXOPACHPEACTUTENAMU ISl TIOMEIICHUA CO 3HAYUTEJIbHBIMH BHYTPEHHUMHU

TCIIJIOBBIACIICHUAMM. Ha ocHoBe ananmm3za IOCHBI KM3HCHHOI'O IHUKJIa IIPOBCACHA



OLICHKA IIpeAEIbHON CTOMMOCTH OJITHOTO PELUPKYISALMOHHOTO

BO3AYXOPACIPEACIUTENS 111 TAHHBIX CUCTEM.
KiroueBnie cjioBa

Cucrema  BEHTWISAIUMH,  PEUMPKYJSALUSA,  JIOKaJdbHAs  PELUPKYJIALMS,
PEIUPKYJISAIMOHHBIE BO3AYXOpacIpeaeauTen, dHeprodPPeKTUBHOCTh, IKOHOMHUS

SHEPreTUYECKUX PECYPCOB, IIEHA JKM3HEHHOIO IUKJIA.
Beenenue

TpanuironHble MH)KEHEPHBIE CUCTEMBI OOIIECTBEHHBIX 3IaHUN MPOCKTHUPYIOTCS
Ha pACUYETHBIE MAapaMEeTPbl HAPYKHOTO KIMMaTa M MOAAECPNKUBAIOT 3aJaHHbIC IJIS
KOKJIOM CHCTEMBI IapaMeTpbl BHYTPEHHETO BO3[yXa B TEYEHUE BCEro IEpHOJA
sKcIuTyatanui. Hepeako BO3HUKAIOT CUTyalluu, KOTJa JJIs MOAJIep KaHusl 3aJaHHOTO
3HAQYEHUs1  TEMIEPaTypbl  BHYTPEHHETO  BO3JyXa  HMHXXECHEPHBIE  CHUCTEMBI
OJIHOBPEMEHHO MOTPEOJISAIOT KaK TEIUIO, TaK M X0JIoA. SpKoi miuttocTpaiuei Takon
CUTYallUM SIBJISIOTCS 37aHUS W TOMEIICHWS CO 3HAYUTENIbHBIMA BHYTPEHHUMU
TeroBbineneHmsiME  (6omee 20 Br/M?). B Takmx 30aHMAX M [HOMELICHHSX
MPEUMYILIECTBEHHO B NEPEXOAHBIA MEpUoj ToAa OJHOBPEMEHHO OCYIIECTBISETCA
HarpeB HApYy>KHOI'O BO3/lyXa B Kajlopudepe MPUTOYHON YCTAaHOBKH 1O 3aJaHHOTO
3HAQYEHUsI WM  aCCUMWJIAIMS  BHYTPEHHUX  TEIUIOBBIACICHHN  CHCTEMaMu
KOHJUIIMOHUPOBAHMSI BO3JyXa C HCIOJIb30BAHMEM HCKYCCTBEHHOIO XOJIOAA.
Pemenuem, wuckimovyaromuM HEOOOCHOBAHHBIM Iepepacxoj] SHEPruu B TaKUX
CUTyallMsIX, SIBIIIETCA NPUMEHEHUE CHUCTEM, HCHOJIb3YIOIIMX  «CBOOOJHOE

OXJIQXKJICHHE)» W HarpeB MPUTOYHOTO BO3/IyXa 3a CUET BHYTPEHHUX TETIOBBIICTICHUN.
OcHoOBHAA 4YaCTh

PaCCMOTpI/IM CHCTCMBI BCHTUJISILINU, ITO3BOJIAIOIINC ACCUMMAIINPOBATDH
BHYTPCHHHC TCIIJIOBBLACICHUA Inpu HarpeBe Hapy>XHOIr'o BO3ayXxa, -

PECUUPKYIIIIUOHHBIC CUCTCMbI BCHTUJIATINN.



Tpaaunmonusie npsamotouHble cuctembl BeHTw MU (IIpCB) (pucynok 1)

MPEANOoNaraloT Mojadyy Hapy>KHOTO BO3/JyXa B KOJHUYECTBE CAHUTAPHOW HOPMBI (B
3 .

opucHBIX 37HaHUsAX — 60 M’/4u Ha oOAHOrO coTpyaHuka). HapyxHblii BO3AyX C

TeMIlepaTypbl t, HarpeBaeTcs B KaJllopudepe MPUTOYHOM YCTaHOBKHU U MOJAETCS B

pabouyio 30HY C TeMIlepaTtypou t,, KOTOpas yalle BCero paBHa MOJICPKUBAECMOI

TeMmrepaType BHYTPEHHEro Bo3nyxa t,. Pacxon TemnoBOW »HEpruM Ha Harpes

Hapy>XKHOT0 BO3/1yXxa OyJeT paBeH:
QBeHT = 0’335LH (tn - tH)' BT,
e L, — pacxo/ Hapy»KHOTO BO3IyXa, M /d.

Pacxon TEILIOBOM OHCPruyM Ha HArpCB HAPYKXHOI'O BO3AyXa MOXKCT OBITH
YMCHBIICH IIPpH INIPUMCHCHHMH B CHUCTCMC BCHTUJLIOWH IIPUTOYHO-BBITSKHBIX

YCTaHOBOK C YTHJIM3aTOpaMH TEILIOTHI BRITsKHOTO Bo3ayxa ([IBCBcTY) [10]:

Qgenr = 0'335LH (tn - tH)(l - U?;T,), BT,

rae 7gp — cpenssas >(QPEKTMBHOCTL TEIUIOYTHIN3ATOPA 3a OTOMHUTENbHBINA

HEPUO/I.

BrITsKHOM BO3AyX yAansieTcsi UX BEPXHEW 30HbI IOMELIECHUS C TEMIEPATypOun
t,. Pacxom HapyXHOro BO31yxa L, paBeH pacxojiy MPUTOYHOTO L, ¥ BBITSIKHOTO
Bo3ayxa L,. IIpUTOYHBIM BO3IyXOM MOXKET aACCHUMWJIMPOBATHCSA CIEAYIOLIEE

KOJIMYECTBO TGHJ’IOBBII[GJ'IGHI/Iﬁ IIOMCIICHHA .
Qacenw = 0,335L,, (¢, — t,), BT

IIpy mpeBbIIEHNH BHYTPEHHUX TEIUIOBBIAEIEHUN (p,; HAa KOJIWYECTBOM TEIUIOTHI,
KOTOPOE€ AaCCUMMIIUPYETCS MPUTOYHBIM BO3AYXOM, (Q,ceyy BKIFOYAETCA CHCTEMA
KOHIMIIMOHUPOBAHUS  BO3JAyXa, MOJJICPKUBAIOIIAA  33JaHHYI0  TEMIIEpATypy

BHYTPEHHETO BO3/lyXa.



LB;[y BY LB"[},

Lu,tu Ln,ta

I

[

[Tomelnenue

Pucynok 1 — [IpuHumMnuanpHas cxeMa npssMOTOYHOM CUCTEMbI BEHTHUIISILIUN
I1Y — nputounas yctaHoBka, BY — BeITsKHast yCTaHOBKA

TpaauUMOHHBIE LEHTPalbHbIE PELHUPKYISAUUOHHBIE CHUCTEMBI BEHTHIISLIMH
(IPCB) (pucyHok 2) mpeanojararoT CMEIICHHE B PEIHUPKYJSIMOHHOM Kamepe
Hapy>XKHOTO BO3[yXa C TEMIIEpaTypoud t, B KOJUYECTBE CAHUTAPHOU HOPMBI C
PELUPKYJISIMOHHBIM BO3/yXOM C TEMIIEPATYPOil Ly, IPH 3TOM TEMIEPATypa CMECH
NocJie peUUpPKYISLUOHHON KaMephl OyJeT paBHa:

. Lyty + Lypt,
oM Ly+L, =~

3

rae L, — KOJIMYECTBO NMOAMENIMBAEMOTO PELUPKYJIAIMOHHOIO BO3/yXa, M /4.
Pacxon penupKyyIsSIiIMOHHOTO BO3JyXa MOXKET ObITh MOCTOSHHBIM B T€UEHUE BCETO
MEepUOJIa SKCILUTyaTallMd CUCTEMbl BEHTWISLUHUU WM U3MEHATHCSA I MOJJCp:KaHUA

3aJaHHOI'0 3HAYECHHUA L,.



Lu-Lpty o BY LatLp.ty
Lp,ty
Lu,tu | ;’* & & Lot Lp,ta
i Vi ty D
(2
IlomeneHue

Pucynok 2 — [IpuHnunuansHasi cXeMa [EHTPaIN30BAHHON PEUUPKYIISIIIUOHHON

CUCTEMBI BEHTUJISILIUN
[1Y — nputounas ycraHoBKa, BY — BEITsSKHAs1 yCTaHOBKA

Pacxon TenioBoii sHEPruy Ha HArpeB HAPYKHOTO BO3Ayxa OyJeT MEHbIIE, YeM

IIpru IPUMCHCHHUHN TPAAUIIHMOHHBIX IMIPAMOTOYHBIX CUCTCEM BCHTHIIALINN:
QBeHT = 0'335(LH + Lp) (tn - tCM)' BT

VBeanunuBaeTcsa M KOJIMUECTBO BHYTPCHHHUX TCHHOBBII[CHCHHfl, KOTOpPOC MOIKCT
ACCUMNIINPOBATDH HpHTO‘{HBII)'I BO3YyX, YMCHbIIAasA TEM CaMbIM pPACXOJ SHCPIruMv Ha

BI)Ipa6OTKy X0oJoaa AJId CUCTEMbI KOHI[I/II_[I/IOHI/IPOBaHI/Iﬂ Bo3zxyxa:
Qacenw = 0,335L,, (¢, — t;) = 0,335(L, + L,)(¢t; — t,), BT.

OpnHako, TpyU NPUMEHEHUU LEHTPAIU30BAHHBIX PEUUPKYISIUOHHBIX CHUCTEM
BEHTWIALIMA BO3pPACTAET PACXOJ JJIEKTPUUYECKOW JHEPruM HAa NEpPEMEIICHUE
BEHTWJISIHIUOHHOTO BO3ayxa (BMecto L, = L, = L, 1o BO3lyXOBOJIaM ME€peMeIaeTCs

L, =Ly =L,+L,). bomee Toro, a1 mnoamepxkaHus TpeOyeMoii CKOpOCTH



MPUXOJNUTCA SHAYUTCIIbHO YBCIIMIUBATH PA3MCPbI BO3JyX0BOAO0B, BO3PACTACT IICHA Ha
HUX MOHTaX, YBCIMYHUBACTCA JOJA 3daHMUMACMOI'0O MMM IIOJIC3HOI'O o0BbeMa 3JaHHA.
EHIC OJHHUM HCAOCTATKOM, PC3KO COKpallarominuMm 001aCTh IMPUMCHCHHUA HNAHHBIX
CUCTCM, SABJIBICTCA IICPCHOC BPCAHBIX BCHICCTB PCUHUPKYIBIMMOHHBIM BO3AYXOM B
HpHTO"IHLIfl, n3 OJHOIro IIOMCHICHHA II0O BCEM  JPYIHM O6CJIY)KI/IB8,CMI>IM

ITOMCIICHHU M.

Hcnonb3oBaTh MNpeuMylliecTBa IEHTPAIBHON PEIUPKYISAIIMOHHON CHUCTEMBbI
BEHTWISIIMA W HUCKJIIOYUTh €€ HEJOCTAaTKM BO3MOXKHO, HPUMEHSS CHUCTEMY

BCHTU/LIONMHA C  JIOKAJIBHBIMH PCUHUPKYIIIIUOHHBIMHA  BO3AYXOPACHIPEACIUTCIIAMA

(CBcPBP) (pucyHnok 3).

iLB,ty BY Loty

Q

L ta Lo, +8°C
— B |©
Iy = -
77} \Lp,ty ty &
Lr["‘Lp,tr[
s
[loMmemmenue

PI/ICYHOK 3 - HpI/IHL[I/IHI/IaJ'IBHaH cXeMa CUCTEMBI BEHTUIIAIINHU C JIOKAJIbHBIMH

PELMPKYIALMOHHBIMUA BO3YXOPaCIpPEACIUTEIISIMU
ITY — nputounas ycraHoBka, BY — BbITs)KHas yCTaHOBKa

Hapy>xHblil BO31yX IMOJAaeTCsA B KOJIWYECTBE CAHUTAPHON HOPMBI, HArPEBAETCs B

Kamopudepe MPUTOYHOM YCTAaHOBKM C Temmeparypsl t, ao +8°C (temmeparypa



BbIOpaHa, HCXOAs W3 TMPENOTBPALLEHUS KOHACHCALIMM BOJSHBIX TMAapoB Ha
MOBEPXHOCTU TEIIOM30JIMPOBAHHBIX BO3AYXOBOJOB), MPU 3TOM PAacXoj] HAPYKHOTO
Bo3ayxa L, paBeH pacxoay IPUTOYHOrO L, M BBITSDKHOrO Bo3ayxa Lp. Pacxon
TEIUIOBOM JHEPTHM HA HArPEB HAPYKHOTO BO3JyXa MEHBIIEC, YEM NPHU NPUMECHEHUHU

IMPAMOTOYHBIX CUCTCM BCHTHUJLALIUUN:
QBeHT = 0;335LH (tn — 8), BT

Ecnu  BKIIOYMTP B COCTaB MPUTOYHO-BBITSDKHOW YCTAHOBKM — YTHUIIM3ATOP
TEIJIOTHI BBITSKHOTO BO3yXa (PUCYHOK 4), TO pacxoj TEIJIOBOW SHEPIrUy Ha HarpeB

Hapy>XHOI'O BO3aAYyXa MOKHO U BOBCC CBCCTH K HYJIIO.

Lz, <ty

@ LB,ty

L, ta Ln,+8°C

IIBY = -
b 7Y N\Lp,ty ty &
Ln‘l‘Lp,tr[
te

[Tomerenue

PI/ICYHOK 4 — HpI/IHHI/IHI/IaHLHaﬂ cXeMa HpHTO‘-IHO-BBIT?DKHOﬁ CHUCTCMBbI BCHTUJISIIIHUU C

JOKAJIbHBIMH PELMPKYJIAIIMOHHBIMU Bo3ayxopacnpenenurensimu (CBcPBPuTY)
[IBYp — NIpUTOYHO-BBITSKHAsI YCTAHOBKA C POTOPHBIM TEIUIOYTHJIM3ATOPOM

IIpuTouHBIi BO3AYyX IIOAAETCS B KOJMYECTBE CAHUTAPHOM HOPMBI C

temnepatypoil +8°C B peLMpPKYJISIIMOHHBIN BO3AYyXOpaCHpPENeIUTellb, B KOTOPOM



MEPEMCIINBACTCA C PEHUPKYIIIHOHHBIM BO3YXOM IIOMCIICHUA. Pacxo,u

PEIUPKYJISIIMOHHOTO BO3/TyXa JIOJDKEH OBITh PaBEH:

_ Ln(tn B 8)

3
,M” /4.
Pt —ty

KomnuectBo BHYTPCHHUX TCHJIOBI)I,ZIGJICHI/II\/’I, KOTOPOC MOXKCT aCCUMUIINPOBATDH

IPUTOYHBIN BO31yX, OYJCT paBHO:
Qaccmv[ = 0:335[4“ (ty — 8), BrT.

[Ipy mpuMEHEHUN CUCTEMBI BEHTWISIIIUU C JOKAJIbHBIMU PELUPKYIALIMOHHBIMU
BO3JIyXOPacCOpeIeIUTENAMA HCKIIOYACTCA Iepefaya 3arpsi3HCHUA U3  OJHOTO
MOMEIIEHUS TI0 BCeMy 37aHuI0. Tak Kak CUCTeMOW BEHTWJISILIUM BOBJIEKAaeTCsl Oosiee
HarpeThlid peUUPKYIISIMOHHBIN BO3IYX M3 BEPXHEH 4acCTU MOMEIICHUM U MOJaeTCs B
pabouyro 30HY, YMEHBIIAETCS CTpaThudUKalus TeMIepaTypbl BO3JyXa IO BBICOTE
nomemenuii [11]. Emie ogHuM 3HAYMTENBHBIM MPEUMYIISCTBOM JAHHOH CHCTEMBI
SIBJISICTCSL QJJAlITUBHOCTh: PAacXo]l PEUUPKYISAIMOHHOTO BO3AyXa, MOJMEIIMBAEMOE K
MPUTOYHOMY BO3AYyXy € TeMneparypoil +8°C B BO3yXOpacnpeaeanuTelie, MEHIETCS B
3aBUCHUMOCTH OT KOJHYECTBA BHYTPEHHHUX TEIUIOBBIACICHUM (TIOIIEePKUBACTCS

3aJIaHHOE 3HA4YEHHE ty; 110 NaTYMKy TEMIIEPATYpPhI ty 3a CYET H3MeHeHus Ly).

Cucrema BEHTWISALUN C JIOKaJIbHBIMH PEUUPKYISALIHUOHHBIMU
BO3JlyXOpacnpenenuTesiMi  pazpaboTaHa aBTopaMu cTaTbU. B Hacrosimiee Bpems
aBTopaMu coBMecTHO co cnenuanuctaMu OOQO «ApKTOC» BeneTcsl Hay4dHO-
HCCIIEI0BATENbCKAS pabora 1o pa3zpaboTke PEUUPKYJISLIMOHHBIX
BO3JYXOPACHPEACINATENICH Uil JaHHBIX CUCTEM. [JlaBHas 3ajada 3aKiI04acTcsl B
pa3paboTKe NPHUHLMIIMAIBHOIO PEIICHUs BO3JIyXOpaclpeneiauTenell, KoTopas
MO3BOJUT 3(PGEKTUBHO MEPEMEIINBATh MPUTOUYHBIA BO3IyX ¢ TeMiepaTypoil +8°C c
BO3/IyXOM IOMEIIEHHS ¢ TEMIEPATYpOl t,, obecreunBas alanTUBHOCTh CHCTEMBI U
MOAACP/KAHUE ONTUMAIBHBIX 3HAYECHUM TEMIEPATypbl M CKOPOCTH JIBUKCHHUS
MPUTOYHOTO BO3[yXa B paboueld 30He momemnieHui. [Ipu 3TOM CcTOMMOCTH

pa3zpabaThIBaeMBbIX BO31yXOpacHpeaesIuTeNeu JOJKHA COOTBETCTBOBATh



MUHUMAaJIbHOM ICHC KM3HCHHOI'O HIHKJIA OJIsI CPABHCHHA CUCTCM BCHTUJIALIWH 3ad 8

JICT.

[IpoBenemM mNpuUMEpHYIO OIEHKY MPEASIbHOM CTOMMOCTH pa3padaThIBaeMbIX
PELMPKYISALUOHHBIX BO3yXOPACHPEACIUTENICH, I 3TOrO0 CPAaBHUM IPUBEICHHBIC
BBIILIE CXEMbl CHCTEMBl BEHTWISLIMM HA KOHKPETHOM 3JaHUU CO CIEIYIOLIUMHU

XapaKTEPUCTUKAMM:

- 0(1)I/ICHOC 3AaHHUC, PACIIOJIOXKCHHOC B T. Mockaa: CpCaArssd TEMIICpATypa

HApPY’KHOTO BO3JyXa 3a OTOIMTENbHBIN 1epuoa tgy, = —2,2°C, NpoAOIIKUTENLHOCTD

oTonuTeabHOro nepuoda z = 205 gHewu;
- TTOJIe3HAs TIomaab 3nanus S = 1000 M?;
- pacu€THoE KoJmuecTBO coTpyaHukoB N = 100;
- pexxum paboThi ¢ 8:00 10 20:00 n = 12 y;
- KOJIMYECTBO pabouux aHeH B rogxy m = 220 gHen,
- Tapu TeruioBoi sHepruu t, = 2,0 py6/kBT e y;
- Tapu@ dIEKTPUIECKOM s3Heprun t, = 3,2 py6/KBT o u.
Pacder BBINOIHUM [JIs1 XOJIOJHOTO U MEPEXOAHOT0 NEPUOIA TOAa, IPUHUMAEM:
- 3HaueHHe paCUYETHBIX yIeIbHBIX TEMIONOTEPh .y = 40 BT/M?;
- 3HAYCHHUE PACYCTHBIX BHYTPEHHUX TEIUIOBBIICICHUH Gy, = 50,2 BT/M?%;
- TeMIIepaTypa yaansieMoro Bosayxa t, = 22°C;
- TeMIepaTypa puToYHOro Bo3ayxa t; = 18°C;
- IOJIIEp)KUBaeMas TeMIIepaTypa Bo3ayxa B nomemenuu t;, = 18°C;

- yICHBHBIA PAacXoi OICKTPHYCCKON ODHEPrMM Ha mepeMemenne | M/g

MPUTOYHOTO Bo3ayxa: 0,45 Br Ha 1 M°/4; BRITSKHOTO Bo3myxa: 0,3 M>/d.



Pacuer cBenem B Tabmuiy 1.



Ta6J'II/II_[a 1- CpaBHeHI/Ie TEXHUKO-?KOHOMHMYECKHUX ITOKa3aTeaeH PAa3JIMYHBIX CUCTCM BCHTHUJISIIUA

N Mot ts Tun cucreMbl BEHTHJISIIIHH
B IIpCB MNBCBcTY PCB CBcPBP CBcPBPuTY

1 | Pacxon HapyxHoro Bo3nyxa Ly, M3 /4 6000 6000 6000 6000 6000
l'omoBoM ynenpHBIM pacxoj TEIUIOBOU

2 | DHEpPruW Ha HArpeB HAPYKHOTO BO3JyXa, 60.2 / 100% 18.06Y / 30% 30.4% / 50% 30.4 /50% 0/0%
KBT o 4/M?
I'omosont YAEIbHbBIN pacxon

3 | snextpuueckoii sHepruu Ha nepememerne | 6.672 / 100% 6.67% / 100% 23.35% / 350% 8.45% 1 127% 8.45% 1 127%
BEHTUIISALIMOHHOTO BO3/lyXa, KBT o 4/M?
I'onoBoii yAEIbHbIN pacxon

4 | >7CKTPUHECKOIl SHeprMM Ha BRIPAOOTKY | 49 5790004 11.57 / 100% 1.61/13.9% 0%/ 0% 0%/ 0%
XOJIO/Ia CHCTEMOW KOHIUIMOHUPOBAHHS
BO31yXa, KBT ¢ 4/M?
Tl'onoBas yAelIbHas CTOMMOCTD

5 | ACHONB3yeMbIX sHeprerudeckux | 178.77 / 100% 94.49 / 52.9% 140.67 /1 78.7% 87.84/49.1% 27.04/15.1%
pecypcos, py6./m?

g |l 0fOBaf  CTOMMOCTh  HCMONB3YSMbIX 178 770 94 490 146 670 87 840 27 040
SHEPTreTUUECKUX PECYpPCOB, PYO.

7 | lleppoHataibHbLe KAITHTAIPHDIC 495 780 592 00 705 200 936 540° 1032 800%
BIIOXKEHHUS B CHCTEMY BEHTHIISIINH, PYO.

8 | Ilena >xM3HEHHOTO IIUKJIA 32 8 JIeT, PyO. 1925 940 1347 920 1 878 560 1 699 260 1309 120

1) Cpennsis 3GGEKTHBHOCTh TEIUIOYTHJIM3aTOpa 3a OTOIMMTENBHBIN Ce30H mpuHsATa paBHoi 0,7; 2) B pacuere nmpuHMMaeM MOCTOSHHYIO
PELMPKYIIALKMIO B TEUYCHHE MEPUOJa JKCIUTyaTauuu B o0beme L, = 15000m3/4; 3) Ilpu npsiMmoTouHOM cucTeMe nepemernaercs 6000 M/ npu
LEHTPATBHOU PEeHUPKYISIIIMOHHON cucteme - 21000 M/ MIPU CUCTEME C JIOKAITBHBIMH PEIUPKYIISIIMOHHBIME BO3TyXopacupenenutessivu - 6000 M/,
MIOMHMO 3TOTO JIEKTPUYECKast SHEPTHUsl NOTPEOIIAETCS BEHTUIATOPAMU PELMPKYIISILIMOHHBIX BO3lyXOpaclpeaeauTenel (B pacueTe NPUHAT yAETbHbINA
pacxoj JIEKTPUYECKOM SHEPruu Ha nepemMenieHue | Mg perupkysimonHoro Bo3ayxa: 0,08 Bt ma 1 M3/q); 4) BayTpeHHHE TEIJIOMOCTYIUICHHS
aCCUMMJIMPYIOTCS PUTOYHBIM BO31yX0M; 5) CTOMMOCTh OJHOTO PELUPKYJISALUOHHOIO BO3AYXOPAaCIPEAEIUTENs, paCCYMTaHHOTO Ha nojady 100 M3/
Hapy»KHOI'0 BO31yXa, npuHsTa pasHoit 9000 pyo.



BoiBOABI

Pa3paboranHas ~ aBTOpamu CX€Ma  BEHTWIIUUMM  C  JIOKAJbHBIMU
PELUPKYISIIIUOHHBIMA BO3AYXOPAaCHpPEACIUTEISIMA TIO3BOJISIET CHU3UTH B OQUCHBIX
3IaHUSIX YJIETIBHBIM TOJOBOM pacxo] TemioBoM 3Hepruu Ha 50%, 31eKTpUYeCcKO
SHEPruM (3a OTONMMUTENBbHBIN nepuoa) Ha 45% IO CPaBHEHHIO C IPSIMOTOYHBIMU

CUCTCMaMHU BCHTHUIIALIUH.

Breimonnasemas HAaY4YHO-HUCCJIICAOBATCIILCKAA pa60Ta dKTyadJIbHaA U MOKCT HaWUTU

MIPUMEHEHUE HA PEATTbHBIX CTPOUTEIBHBIX 00BEKTaX.

[Ipu pacueTe OAHOTO PEHUPKYIAIMOHHOTO BO3AYXOpaCpEACIUTENS Ha MOAady
HApPY»XKHOrO BO3AyXa B kosmuecTBe 100 M°/d €ro CTOMMOCTb He JOJDKHA IIPEBBILIATH
9000 py6. Ilpu aTOoM yAeNbHBIN PacXo] AIEKTPUUECKOM SHEPTUH Ha TiepemenieHue |

M/ PELMPKYISILUOHHOTO BO3/1yXa HE oJhkeH npeBbimath 0,08 BT Ha 1 M/
baarogapuocTu

HayuHno-uccnenoBatenbckasi paboTa BINOIHIETCS PU GPUHAHCOBOM MOJIEPIKKE
MunucrepctBa oOpa3oBaHusi M Hayku Poccuiicko @eaepauud B paMKax
denepanpHOit  1eneBoi  mporpammbl  «MccnepoBaHus U pa3pabOTKU IO
IIPUOPUTETHBIM HANPABJICHUSAM DPa3BUTHS HAyYHO-TEXHOJOTMYECKOIO KOMILIEKCA

Poccun na 2014 - 2020 rome» (CornamieHue O TPEIOCTaBICHUU CYOCHUAMH OT

27.06.2014 No 14.576.21.0037, yaukanbubiii uaeatudukatop RFMEFI57614X0037).
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