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Heating, Air Conditioning, and Ventilating

“Our climate is warming at a faster rate than ever before recorded.”

D. James Baker

NOAA Administrator, 1993-2004

Introduction

The quotes below provide a profound lesson in the need for housing to
provide protection from both the heat and cold.
“France heat wave death toll set at 14,802: The death toll in France from August’s
blistering heat wave has reached nearly 15,000, according to a government-
commissioned report released Thursday, surpassing a prior tally by more than
3,000.” USA Today, September 25, 2003.

“In the study of the 1995 Chicago heat wave, those at greatest risk of dying
from the heit wiic\peep e witit im¢dicalli lhesses whover: {ocially isolated and
did not have access_to air conditioning.” Centers, for Disease Control and
Prevention/ MiGividitysana Morialidy, Weelkly Report. vy 4, 2007,

“3 Deaths tied to cold . . .The bitter cold that gripped the Northeast through
the weekend and iced over roads was blamed for at least three deaths, including
that of a Philadelphia man found inside a home without heat.” Lexington
[Kentucky] Herald Leader, January 12, 2004.

“In many temperate countries, death rates during the winter season are
10%—-25% higher than those in the summer.” World Health Organization, Health
Evidence Network, November 1, 2004.

This chapter provides a general overview of the heating and cooling of
today’s homes. Heating and cooling are not merely a matter of comfort, but of
survival. Both very cold and very hot temperatures can threaten health. Excessive
exposure to heat is referred to as heat stress and excessive exposure to cold is
referred to as cold stress.

In a very hot environment, the most serious health risk is heat stroke. Heat



stroke requires immediate medical attention and can be fatal or leave permanent
damage. Heat stroke fatalities occur every summer. Heat exhaustion and fainting
are less serious types of illnesses. Typically they are not fatal, but they do interfere
with a person’s ability to work.

At very cold temperatures, the most serious concern is the risk for
hypothermia or dangerous overcooling of the body. Another serious effect of cold
exposure is frostbite or freezing of exposed extremities, such as fingers, toes, nose,
and ear lobes. Hypothermia can be fatal if immediate medical attention is not
received.

Heat and cold are dangerous because the victims of heat stroke and
hypothermia often do not notice the symptoms. This means that family, neighbors,
and friends are essential for early recognition of the onset of the conditions. The
affected individual’s survival depends on others to identify symptoms and to seek
medical help. Family, neighbors, and friends must be particularly diligent during
heat or cold ;vaves o cliech onvindiyidvals wha live dlgit:.

Althongh_symptoms.vary fram person to person,,the warning signs of heat
exhaustion/ inCiide_canfusion hwng_nicfirss and Holonged svzeating. The person
should be removed from the heat, cooled, and heavily hydrated. Heat stroke signs
and symptoms include sudden and severe fatigue, nausea, dizziness, rapid pulse,
lightheadedness, confusion, unconsciousness, extremely high temperature, and hot
and dry skin surface. An individual who appears disorientated or confused, seems
euphoric or unaccountably irritable, or suffers from malaise or flulike symptoms
should be moved to a cool location and medical advice should be sought
immediately.

Warning signs of hypothermia include nausea, fatigue, dizziness, irritability,
or euphoria. Individuals also experience pain in their extremities (e.g., hands, feet,
ears) and severe shivering. People who exhibit these symptoms, particularly the
elderly and young, should be moved to a heated shelter and medical advice should
be sought when appropriate.

The function of a heating, ventilation, and air conditioning (HVAC) system



is to provide for more than human health and comfort. The HVAC system
produces heat, cool air, and ventilation, and helps control dust and moisture, which
can lead to adverse health effects. The variables to be controlled are temperature,
air quality, air motion, and relative humidity. Temperature must be maintained
uniformly throughout the heated/cooled area. There 1s a 6°F to 10°F (-14°C to -
12°C) variation in room temperature from floor to ceiling. The adequacy of the
HVAC system and the air-tightness of the structure or room determine the degree
of personal safety and comfort within the dwelling.

Gas, electricity, oil, coal, wood, and solar energy are the main energy
sources for home heating and cooling. Heating systems commonly used are steam,
hot water and hot air. A housing inspector should have knowledge of the various
heating fuels and systems to be able to determine their adequacy and safety in
operation. To cover fully all aspects of the heating and cooling system, the entire
area and physical components of the system must be considered.

He: ting

Fifty-one percent. of .the homes in.the United States are heated with natural
gas, 30% a'e teatad wath tlectr cityv., ard 2% with (uclioll, The remaining 11% are
heated with bottled fuel, wood, coal, solar, geothermal, wind, or solar energy [1].
Any home using combustion as a source of heating, cooling, or cooking or that has
an attached garage should have appropriately located and maintained carbon
monoxide (CO) gas detectors. According to the U.S. Consumer Product Safety
Commission (CPSC), from data collected in 2000, CO kills 200 people and sends
more than 10,000 to the hospital each year.

The standard fuels for heating are discussed below.

Standard Fuels

Gas

More than 50% of American homes use gas fuel. Gas fuels are colorless
gases. Some have a characteristic pungent odor; others are odorless and cannot be
detected by smell. Although gas fuels are easily handled in heating equipment,

their presence in air in appreciable quantities becomes a serious health hazard.
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Gases diffuse readily in the air, making explosive mixtures possible. A proportion
of combustible gas and air that is ignited burns with such a high velocity that an
explosive force is created. Because of these characteristics of gas fuels, precautions
must be taken to prevent leaks, and care must be exercised when gas-fired
equipment is lit.

Gas is broadly classified as natural or manufactured.

Natural gas—This gas is a mixture of several combustible and inert gases.
It is one of the richest gases and is obtained from wells ordinarily located in
petroleum-producing areas. The heat content may vary from 700 to 1,300 British
thermal units (BTUs) per cubic foot, with a generally accepted average figure of
1,000 BTUs per cubic foot. Natural gases are distributed through pipelines to the
point of use and are often mixed with manufactured gas to maintain a guaranteed
BTU content.

Manufactured gas—This gas, as distributed, is usually a combination of
certain propoiticrsio - @eses jproduted fion: coke, ¢qai ard petroleum. Its BTU
value per cubic foat is.generally closely.regulated, and costs are determined on a
guaranteed/ BTT "bdsisy, vsually 526710540 BTUS pet cuoic foot

Liquefied petroleum gas—Principal products of liquefied petroleum gas
are butane and propane. Butane and propane are derived from natural gas or
petroleum refinery gas and are chemically classified as hydrocarbon gases.
Specifically, butane and propane are on the borderline between a liquid and a
gaseous state. At ordinary atmospheric pressure, butane is a gas above 33°F
(0.6°C) and propane a gas at -42°F (-41°C). These gases are mixed to produce
commercial gas suitable for various climatic conditions. Butane and propane are
heavier than air. The heat content of butane is 3,274 BTUs per cubic foot, whereas
that of propane is 2,519 BTUs per cubic foot.

Gas burners should be equipped with an automatic shutoff in case the flame
fails. Shutoff valves should be located within 1 foot of the burner connection and
on the output side of the meter.

Caution: Liquefied petroleum gas is heavier than air; therefore, the gas will



accumulate at the bottom of confined areas. If a leak develops, care should be
taken to ventilate the appliance before lighting it.

Electricity

Electricity has gained popularity for heating in many regions, particularly
where costs are competitive with other sources of heat energy, with usage
increasing from 2% in 1960 to 30% in 2000. With an electric system, the housing
inspector should rely mainly on the electrical inspector to determine proper
installation. There are a few items, however, to be concerned with to ensure safe
use of the equipment. Check to see that the units are approved by an accredited
testing agency and installed according to the manufacturer’s specifications. Most
convector-type units must be installed at least 2 inches above the floor level, not
only to ensure that proper convection currents are established through the unit, but
also to allow sufficient air insulation from any combustible flooring material. The
housing inspector should check for curtains that extend too close to the unit or
loose, lonz-rile iUgs hatareltooiclose A Histénce of G nclies oh the floor and 12
inches on the walls.should separate.rugs.or curtains from,the appliance.

Heat! puii psfare_airiconditigneis.thac ¢contii@ L valye that allows switching
between air conditioner and heater. When the valve is switched one way, the heat
pump acts like an air conditioner; when it is switched the other way, it reverses the
flow of refrigerants and acts like a heater. Cold is the absence of energy or calories
of heat. To cool something, the heat must be removed; to warm something, energy
or calories of heat must be provided. Heat pumps do both.

A heat pump has a few additions beyond the typical air conditioner: a
reversing valve, two thermal expansion valves, and two bypass valves. The
reversing valve allows the unit to provide both cooling and heating. Figure

12.1 shows a heat pump in cooling mode. The unit operates as follows:

. The compressor compacts the refrigerant vapor and pumps it to the

reversing valve.

. The reversing valve directs the compressed vapor to flow to the


https://www.cdc.gov/nceh/publications/books/housing/figure_cha12.htm
https://www.cdc.gov/nceh/publications/books/housing/figure_cha12.htm

outside heat exchanger (condenser), where the refrigerant is cooled and condensed

to a liquid.

. The air blowing through the condenser coil removes heat from the
refrigerant.

. The liquid refrigerant bypasses the first thermal expansion valve and

flows to the second thermal expansion valve at the inside heat exchanger

(evaporator) where it expands into the evaporator and becomes vapor.

. The refrigerant picks up heat energy from the air blowing across the
evaporator coil and cool air comes out at the other side of the coil. The cool air is

ducted to the occupied space as air-conditioned air.

. The refrigerant vapor then goes back to the reversing valve to be
directed to the compressor to start the refrigeration cycle all over again.

Hedat pumpi3 art (quite Bfficient 1 their use=0f encrgy. However, heat
pumps often freeze un: that is, the coils in the outside air collect ice. The heat
pump has 10 fiwit Zhisyceneriodigally,(sa it switCh@€s 1:self batki to air conditioner
mode to heat up the coils. To avoid pumping cold air into the house in air
conditioner mode, the heat pump also uses electric strip heaters to heat the cold air
that the air conditioner is pumping out. Once the ice is melted, the heat pump
switches back to heating mode and turns off the burners.

Radiant heat warms objects directly with longwave electromagnetic energy.
The heating panels diffuse heating energy rays in a 160° arc, distributing warmth
evenly. The goal is to achieve no more than a 4°F (-16°C) difference in
temperature between floor level and ceiling level. When properly installed, radiant
heat warms a room sooner and at lower temperature settings than do other kinds of
heat. Extreme care must be taken to protect against fire hazards from objects in
close proximity to the infrared radiation reflectors. Inspectors dealing with this
heat source should have specialized training. Radiant heating is plastered into the

ceiling or wall in some homes or in the brick or ceramic floors of bathrooms. If
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wires are bare in the plaster, they should be treated as open and exposed wiring.
The inspector should be knowledgeable about these systems, which are technical

and relatively new.

OTOHJ’IGHI/IC, KOHJIWTTMOHUPOBAHNWEC W BCHTHUJIAIIUA

«Ham knumat HarpeBaeTcst ObICTpee, YeM KOT1a-JIn00 Mpekey.

. Hxenmc berikep

Anmvunauctpatop NOAA, 1993-2004 rr.

Bsenenne

[{uTaTel, NpUBEICHHBIE HUXKE, SBISIOTCS BaXKHBIM YPOKOM HEOOXOIMMOCTH
3AIIUTHI KUJIbS KaK OT Kaphl, TAK U OT XOJIO0/A.

«Hucno norubmux Bo @paHIUKM OT aHOMAJIBHOU >Kapbl cocTaBuio 14 802
yenoBeka: yatio (ool ix! 8o\ @puynt (0T AB Y CrULCKON| a IOMallbHOM Kapbl
JOCTHUTIO .. IOYTH., 15 _ 000, . cormacHO  NpaBUTEIBCTBEHHOMY  OTYETY,
OMYOIMKOEAHHT MY B U6 TRE)T, [UR). TSR MIACT (106 111, [yIl hil_jloKa3aTens Ooliee
yeMm Ha 3000». «CIIA ceromus», 25 centsiops 2003 r.

«B uccinenoBanny aHomMaabHOM xapbl B Uukaro B 1995 roay HanbombiieMy
PUCKY CMEPTHU OT apbl MOJIBEPraJIUCh JIOJU C MEIUIMHCKUMHU 3a00J€BaHUSIMH,
KOTOpble OBUIM  COLMAJIBHO M30JIMPOBAaHBl M HE MMEIM JOocTyna K
KOHJUIIMOHUPOBAHUIO BO3ayXa». LIeHTpbl 10 KOHTpONIO U TIpoduiIaKTHKE
3aboneBanuil, ExeHenenpbHbIl OTYET O 3a00JI€BAEMOCTH M CMEPTHOCTH, 4 UIOJIS
2003 r.

«3 cMepTH cBsi3aHbl C XOJOJAOM... CHUJIBHBIA XOJIOJ, OXBATUBIIUN CEBEPO-
BOCTOK Ha BBIXOAHBIX M IOKPBIBIIMK JOPOTH JIBAOM, CTal IPUYMHOM Kak
MUHUMYM TpEX CMEpTel, B TOM uucie MyX4uHbl u3 Ounanenbpuu, HailIeHHOro B
nome 0e3 ororuienus». Jlekcunrron, Kenrtyku, 12 ssuBaps 2004 r.

«Bo MHOrmx crpaHax ¢ YMEPEHHBIM KIMMAaTOM YPOBEHb CMEpPTHOCTH B

3uMHUA ce30H Ha 10-25% Bbeime, yem nerom». BcemupHas opraHuzanus



3npaBooxpaHeHus, CeTb TaHHBIX O COCTOSIHUU 3/10pOBbs, 1 HOs10ps 2004 r.

B »T0i1 r11aBe nipeacTaBiieH oOuMid 0030p CUCTEM OTOTUICHUS U OXJIaXKICHUS
COBPEMEHHBIX JOMOB. OTOIUIEHHE W OXJAXJEHHE — 3TO BOMNPOC HE TOJIBKO
koMpopTa, HO W BbDKMBaHUA. Kak oOuyeHb HM3KHME, TaK W OYEHb BBICOKHE
TEMIIEPATYPbl MOTYT YIPO’aTh 3A0pPOBbIO. Upe3MepHOE BO3ACHCTBHE TEILIA
Ha3bIBAC€TCAd TEIUIOBBIM CTPECCOM, a YPE3MEpPHOE BO3JEHCTBHE XOJ0Ja —
XOJIOJIOBBIM CTPECCOM.

B oueHb )kapKo# cpelie caMmbIM CEPhE3HBIM PUCKOM JUISl 3J0POBbS SIBIIAETCS
TeryIoBoM ymap. TermoBoit ynap TpeOyeT HeMeUICHHON MEIUIIMHCKON TTOMOIIH U
MO>KET MPHUBECTU K JIETAJbHOMY HCXOJly WJIM TOBJI€Yb 3a COOON HeoOpaThumbie
noBpexaeHusa. CMepTeNbHbIE Clydad OT TEIUIOBOTO yAapa MPOUCXOIAT Kax10e
aeto. TemioBoe HCTOLIEHUE U OOMOPOKHU SIBIISIIOTCSI MEHEE CEPhE3HBIMU TUIIAMU
3a0osieBaHnil. OOBIYHO OHU HE CMEPTEIBHBI, HO MEUIAIOT YEJIOBEKY padoTaTh.

[Ipu oveHr HM3KHX _TeMIEpaTypax HaumboJee Cepbe3HOM MpoOIeMOit
SIBJISIETCS (DY CX P 150TQPN VM WITE, (DAalHO1C. I2hedx sk net s Jena. Eme onnum
CEPbE3HBIM.. JTOCJICACTRIEM., BO3ACHCTBUL, XOJIOAA SIBISETCA OOMOPOXKEHUE WU
3aMep3aHul: OTRPHIRIX _NCHE YHDCFOHU,| 1ar X [KEK [NAJLIET DYK M/ HOT, HOC ¥ MOYKHU
yiiei. ['mmorepmMusi MOKET NPHUBECTH K JIETAJbHOMY HCXOJNly, €Clii He Oynaer
OKa3aHa HEMEIJICHHAs] MEUIIMHCKAs IOMOIb.

XKapa u xojox omnacHel TEM, 4YTO SKEPTBBI TEIUIOBOIO yJapa H
NEPEOXJAKICHUS YacTO HE 3aMEYaloT CHUMITOMOB. OJTO O3HAYaeT, YTO CEMbS,
cocend M Jpy3bsi HEOOXOAUMBI JUIsl PaHHErO paclio3HaBaHUS CHUMITOMOB.
BbpkuBaHMe NOCTpaAaBIIEro 4YeJIOBEKa 3aBUCUT OT TOrO, CMOTYT JIM Jpyrue
BBISIBUTH CUMIITOMBI U OOPAaTUTHCA 32 MEAUIMHCKON momoribio. Cembs, coceau U
Jpy3bsi OJDKHBI OBITH OCOOCHHO HAOJIOAATENbHBI BO BPEMsl BOJH apbl HIIU
X0J10/1a, YTOOBI CIEIUTH 3a JIOJbMHU, KOTOPBIE )KUBYT B OJJUHOYECTBE.

XOTs CUMIOTOMBI BapbUPYIOTCSL OT YETIOBEKA K YEJIOBEKY, IEPBbIE TPU3HAKU
TEIJIOBOTO HWCTOIICHMS BKJIIOYAIOT CHOYTAHHOCTh CO3HAHUA W OOWJIBHOE U
IPOAOKUTENbHOE TIOTOOTAeIeHne. YenoBeka cienyer yopaTh ¢ Kapbl, OXJIaJUTh

U OOHJIBHO YBJIQ)KHHUTD. HpI/ISHaKI/I n CHMIITOMBI TCINUIOBOI'O YyJapa BKIOYAIOT



BHE3AIIHYI0 M CHJIBHYIO YCTQJIOCTh, TOUIHOTY, TOJOBOKDPYXXEHHUE, Y4YallleHHBIN
nyJIbC, IPEI0OMOPOUYHOE COCTOSIHUE, CITYTaHHOCTh CO3HAHMS, MOTEPI0 CO3HAHUS,
YpE3BbIYAHO BBICOKYIO TEMIIEPATypy U TOPSAYYIO0 U CYXYIO IOBEPXHOCTH KOXKH.
UYenoBeka, KOTOPBIN BBIMJISAUT I€30PUEHTUPOBAHHBIM WUJIM PACTEPSIHHBIM, KaKETCSI
SU(OPUYHBIM WK HEOOBACHUMO  Ppa3IpaXKUTEIbHbIM, WIM CTpajaer ofT
HEJIOMOTaHUSl WU TPUIIONOJOOHBIX CHMIITOMOB, CIIEYyeT IEPEMECTUTh B
POXJIAIHOE MECTO U HEMEIJIEHHO 00pAaTUTHCS 32 MEAUIIUHCKON MTOMOILBIO.

IlepBble NpU3HAKKM TUIOTEPMHUM  BKJIKOYAIOT  TOLIHOTY, YCTaJIOCTh,
TOJIOBOKPY>KEHHUE, Pa3ApaXKUTEIbHOCTh WK didoputo. JIoau Takke UCTIBITHIBAIOT
00Jb B KOHEUYHOCTSIX (Hampumep, B pyKax, HOrax, yiiax) M CHJIbHBIA O3HOO.
JIroned, y KOTOpBIX MPOSIBISIIOTCA 3TH CHUMIOTOMBI, OCOOEHHO MOXWIBIX U
MOJIOZIBIX, CJIEIyET MEPEBECTH B OTAIUIMBaeMoe yOeKHuIe U MpU HE0OXOAUMOCTH
00paTUTHCSA 32 METULUHCKON TOMOIIIBIO.

@yHKUUSA CHUCTEMBI OTOIUICHMS, BEHTWISALMA W KOHIULIUOHUPOBAHHUS
Bozayxa (HVACI Bixifotac s B 00e1CUed Iy D@IHLIICrc, ;9eM 370pOBbe U
koMpopT menoreka, Cuctema HVAC mnow3BoauT Temiio, XOJOAHBIA BO3IYyX U
BEHTUJISILIN 0, & TAKXKE JICMOTARTLOOPCTICA (C [MELABID L BJanoil, KOTOpble MOTYT
IPUBECTU K HEOJArONPUSATHBIM MOCIEACTBUAM Jisl 310p0Bbs. KOoHTpoaupyembiMu
NEPEMEHHBIMU SIBJISIIOTCSI TEMIIEPATypa, KaueCTBO BO3/yXa, JBUKEHUE BO3AyXa U
OTHOCHUTEJIbHASL BIAXHOCTh. Temneparypa J0KHA HOJAEP>KUBATHCS PABHOMEPHO
no BceMy 000OrpeBaeMOMY/OXJIaXJAaeMOMy TOMENICHHI0. TemmepaTrypa B
MOMEIIEHUH OT ToJIa J0 moToJika kosebnercs ot 6° F no 10° F (ot —14° C mo —12°
C). AnpexBatHocts cucteMbl HVAC u repMeTMUYHOCTh KOHCTPYKIMH WIIA
MOMEIIEHUS OINPENEAIOT CTENEeHb JUYHOM 0€30MacHOCTH U KOM(OPTa B JKUJIHILE.

['a3, anexkTpuyecTtBO, HEdTh, Yroyib, IPEBECMHA W COJIHEYHAs SHEPTHUs
ABJISIFOTCS. OCHOBHBIMU HMCTOYHHMKAMHU SHEPIUM ISl OTOIUIEHHS U OXJaXKICHHUS
noma. Haunbonee pacnpocTpaHEeHHBIMH CHCTEMaMU OTOIUICHUS SIBIISIOTCA TMap,
ropsyasi BoJa M Tropsudid Bo3ayX. JKWIMIIHBIA MHCIEKTOpP JAODKEH HMETh
NPEICTaBICHUE O PA3IMYHBIX BUAAX TOIIMBA U CUCTEMAaxX OTOIUICHUS, YTOOBI OBITh

B COCTOAHHUHU OIIPCACIUTD HMX AACKBATHOCTbL U 0e30macHOCTh B OKCILTyaTaluu.



YToObl MOJHOCTHIO OXBATUTh BCE ACHEKThl CUCTEMBbl OTOIUIEHHUS U OXJaKICHHUS,
HEO0OXO0IMMO YUYUTHIBAThH BCIO TUIONIA/1b U (PU3NYECKUE KOMIIOHEHTHI CUCTEMBI.

OTonienue

[Tarbnecar onun npoueHT noMoB B CoenuHeHHbix lllTatax oTamiuBaroTcs
npupoAaHbIM razoM, 30% — snexktpuuectBoM U 9% — mazyrom. Ocranbhbie 11%
OTaIUIMBAIOTCS OYTWJIMPOBAaHHBIM TOIJIMBOM, JPOBAaMHU, YIJIEM, COJIHEYHOH,
reoTepMajibHOM, BETPOBOM MM COJHEYHOM »dHepruei. B mobom  gowme,
UCIIOJIB3YIOIIEM CrOpaHHE€ B KayeCTBE MCTOYHMKA TEIUIa, OXJIAXIACHUS WU
PUTOTOBJICHUS THUIIH, WX B JIOME, UMEIOIEM MPUCTPOCHHBIN Tapax, JOHKHBI
ObITh HaAJIEKAIIUM 00pa3oM pacloNOkKEHbl U OBITb OOCIYXEHbI JETEKTOPHI
yrapaoro raza (CO). Ilo nanapiM Komuccnu o 6e€30macHOCTH MOTPEOUTEIBCKHIX
toBapoB CIIIA (CPSC), coopannsimM B 2000 rogy, yrapHblii ra3 eXerojaHo yomuBaet
200 genosek u 6osee 10 000 yenoBek nmonagaeT B OOJIBHULLY.

CranaapTHble BUBI TOIUIMBA I OTOIUIEHUS 00CYKIat0TCS HUXKE.

CriH)1sPTE EYe B (L1 1 Gii I/ 3il

I'a3

bonde 56/70aMenrikar CKIXATOMOR/KCIO B30 T 1220302 oTInBO. ["a3oBoe
TOIUIMBO  NpEACTaBiigeT coOoM  OecuBeTHble Ta3bl. HekoTropsle UMEIOT
XapakTepHbIH pPE3KUH 3amax; JOpyrue HE HMMEIOT 3amaxa M HE MOTyT OBITh
oOHapyXeHbl MO 3amaxy. XOTd C Tra30BbIM TOIUIMBOM JIETKO OOpamarbcs B
OTOIUTEIBLHOM OOOpYJOBaHUM, €ro NPHUCYTCTBHE B BO3AyXE B 3aMETHBIX
KOJIMYECTBaX CTAHOBUTCS CEPhE3HOM OMACHOCTHIO HJisi 3710pOBbs. ['a3bl JieTKO
pacceuBarOTCs B BO3MyX€, UTO JI€laeT BO3MOXKHBIM 00pa30BaHUE B3PHIBOOINACHBIX
cMecer. HacTh roprodero raza M BOCIUIAMEHSIOIIETOCS BO3JyXa CrOpaeT ¢ TaKou
BBICOKOM CKOPOCTBIO, YTO CO3/1a€TCs B3pbIBHAsA cuiia. M3-3a 3TUX XapaKTEpUCTHK
ra3oBOro TOIUIMBAa HEOOXOJAMMO TMPUHHUMATH MEPHl MPEAOCTOPOKHOCTH IS
IPEeJOTBpPALICHUs] YTEUeK, a TaKKe COOJII0/IaTh OCTOPOXKHOCTh INPHU BKIIOYEHUU
ra3zoBOro o00Opy/I0BaHMUS.

['a3 kmaccuunupyercss Kak MPUPOAHBIN WM UCKYCCTBEHHBIH.

IIpupoanblii ra3 — 5TOT ra3 mnpeacTaBiisieT coOOH CMECh HECKOJIBKUX



TOPIOYMX W HMHEPTHBIX Ta30B. DTO OJUH M3 CaMbIX OOAromleHHBIX Ta30B, €ro
JNOOBIBAIOT U3 CKBAXUH, OOBIYHO PACIIONIOKEHHBIX B HE()TEeT0OBIBAIOIINX paioHAaX.
Temnocoaepxkanue MoxeT BapbupoBathcs oT 700 10 1300 OpuUTaHCKUX TETIOBBIX
equnull (bTE) na xkyOuueckuit ¢yt npu oOuienpuHaToM cpeaneM 3Hadenuu 1000
BTE na xyOouueckuii ¢pyt. [IpupoiHbie ra3sl pacnpeaenstorcs no TpyoonpoBoiam
JI0 MECTa HUCIIOJIb30BaHUS W YaCTO CMEUIMBAIOTCA C MPOMBIIUICHHBIM Ta30M IS
MOJIJIEpKaHNS TapaHTUPOBAHHOTO coaepxanusa bTE.

HckyccTBeHHBIH ra3 — 3TOT ras, Kak MpaBWIO, MPEACTaBIsET COOOU
KOMOUMHAITMIO OIPECIICHHBIX MPOIOPIIHIA Ta30B, MPOU3BEACHHBIX U3 KOKCA, YIS U
Hetu. Ero 3nauenue BTE Ha kyOuueckuii @yt 0OBIUHO CTPOTO peryiupyercs, a
3aTpaThl ONpEACNSIIOTCs Ha rapanTupoBanHoi ocHoBe BTE, 06br4HO oT 520 10 540
BTE na kyoudeckuii QyT.

CkumkeHHblii He(pTsiHOM T1a3 - OCHOBHBIMM MNPOJYKTaMH IPOM3BOJCTBA
CKIDKEHHOTQ HEdDTSHOTO raza sBjsitoTcsa OyTaH W mpomad. byran u mpomnax
NOJIy4arol, ¥3{ DI PO, 01 ¢, Dasa myu e cnepepalqid 1HCIC 0132 U XUMUYECKU
KJIACCH(PUIMDYIOT .KaK.. YLIECBOJIORQAHEA, Ta3. B wactHOCTHM, OyTaH W IpOIaH
HAXOJATCS Ha™ PAHMIIC MEKIy MAUNKMIL/ K 1a7000p A HBIM (cicTosHuIMU. [lpn
OOBIYHOM aTMOC(EpHOM JaBieHUMM OyTaH MpeACTaBIsieT co0oWl Tra3 mnpu
temneparype Boiie 33°F (0,6°C), a nponan — npu temnepatype -42°F (-41°C).
DTHU Ta3bl CMELIMBAIOTCS 7Sl TIOJYYEeHHUs] KOMMEPUYECKOIo Tra3a, MOIXOSIIEro s
pa3IuYHbIX KIMMATUYECKUX YCIOBUUA. byTaH W mnpomaH Tsbkenee BO3ayXa.
Termnoemkocth OyTtana cocrasisier 3274 BTE na xkyOuueckuii ¢yt, a mponana —
2519 BTE Ha xyOuueckuii pyT.

['a30BbIE  TOpENKHM  JOJDKHBI ~ OBITH ~ OCHAIEHBI  aBTOMAaTUYECKUM
OTKJIFOYEHHUEM B Cllydae MporajaHus MiIaMeHU. 3alOpHbIE KIIallaHbl JOJKHBI ObITh
pacrnoioxensl B mpenenax 1 ¢yTra OT COeAMHEHUS TOPEJIKM W Ha BBIXOJAHOU
CTOPOHE CUETUYHKA.

BauManue: CKKEHHBIM HePTSIHOU ra3 TsKeIee BO3JyXa; CJIeI0OBATENIbHO,
ra3 OyJeT CKalMBaThCsl Ha JIHE 3aMKHYTHIX MPOCTpaHCTB. Ecnmu Bo3HUKaeT

yTeuKa, CleIyeT M03a00TUTHCS O TOM, YTOOBI MPOBETPUTH NPHUOOP Mepen ero



PO3KHUTOM.

JJIeKTPUYECTBO

DNEKTPUYECTBO MPUOOPETO MOMYJISIPHOCTh [JIi OTOIUICHHS BO MHOTHX
peruoHax, oCOOCHHO TaM, TJE 3aTpaThl KOHKYPEHTOCIIOCOOHBI MO CPaBHEHHIO C
JPYTUMH UCTOYHUKAMU TEIUIOBOW SHEPIUU, MPU ITOM MOTPEOJICHUE YBEIUYHIOCH
¢ 2% B 1960 rogy no 30% B 2000 roxy. IIpu ncrnonb30BaHUU SJIEKTPUUECKON
CHUCTEeMbl KUJIUIIHBIM HMHCIEKTOp JOJDKEH IIoJarathCsi TJIaBHBIM O0pa3oM Ha
WHCIIEKTOPA TI0 JIEKTPUKE, YTOOBI OMPEACTUTh MPABUILHOCTh YCTAaHOBKU. OTHAKO
€CTh HECKOJIBKO MOMEHTOB, Ha KOTOpBIE CJeAyeT oOpaTuTh BHUMaHHUE, YTOOBI
obecrieynTh 0OE30MAaCHOE HCMOJIb30BaHUE O0OpyI0OBaHMS. YOEAUTECh, YTO
YCTPOMCTBA OJOOpPCHBI AaKKPECIUTOBAHHBIM HCIIBITATCIIbHBIM areHTCTBOM H
YCTAHOBJIEHBI B COOTBETCTBMU CO  CHEHUPUKAIUSIMU  TPOU3BOJAUTEIIS.
BoabImMMHCTBO yCTPONCTB KOHBEKTOPHOTO THMA JOJKHBI OBITH YCTAaHOBJICHBI Ha
BBICOTE HE MeHe¢ 2 JIIOMMOB HaJl, VPOBHEM II0JIa HE TOJBKO JJISI TOTO, YTOOBI
obOecreun b, Hag 1 xe gt [KOHBEKIADIHLIE (IO TOKU Y<he3 /CpOUCTBO, HO M JIJIA
oOecrieUeHus JIOCTATOUHOU BOAYIIHAW HM30JSAIHE , OT JIFOOOTO TOPIOYETo
mMaTepuaial méic. AKuapiiHrm Madne o/ aom K T pOLenITI,  1eT 1 3aHaBECOK
WM KOBPOB C JJIMHHBIM BOPCOM, KOTOPBIE PACIOJIONKEHBI CIUIIKOM OJU3KO K
ycTpoicTBY. KOBpBI MIM IITOPHI OT MPUOOpaA JIOKHO OTISISATH PACCTOSHHUE OT 6
JIFOMMOB Ha 10Ty U 12 1I0MMOB Ha CTEHax.

TennoBble HAacOChl — 3TO KOHAUIMOHEPHI, KOTOPBIE COJEpXkKAT KJalaH,
MO3BOJIIONTUIN TTEPEKIII0YAThC MEXKy KOHJIUIIMOHEpOM U oborpesareneM. Korma
KJIallaH TMEepPeKI0YaeTcss B OJHY CTOPOHY, TEIUIOBOM HAacoc JEHCTBYET Kak
KOHJIUIIMOHEP; KOrJa OH MEepeKIovYaeTcss B JAPYryl0 CTOPOHY, OH MEHSET
HaIlpaBJICHHE TOTOKAa XJIaJIareHTOB U JIEUCTBYET KaK HarpeBaTelb. XOJ0J — 3TO
OTCYTCTBUE DHHEPrHUM WIM Kajlopui Termiaa. YToObl YTO-TO OXJAgUTh, HYKHO
OTBECTHU TEIUIO; YTOOBI YTO-TO COTPETh, HEOOXOJMMO OOCCIICUUTh DHEPTHIO WIIU
KaJIOpuu Teria. TenaoBsie HaCOChI IETAl0T U TO, U JPYTOE.

TenaoBoli HAcOC HMMEET HECKOJIBKO JOIOJHECHHH IIOMHUMO THIIMYHOTO

KOHIUIINOHCpA: peBepCI/IBHHﬁ KJIaIlaH, IBa KJIallaHa TCIIJIOBOT'O pAaCHIMPCHUA U IBA



IIEPEIYCKHBIX  KJlaraHa. PeBEepCUMBHBIM  KJallaH  IMO3BOJSIET  YCTPOMCTBY
o0OecreunBaTh Kak oOXJaxaeHue, Tak U oborpeB. Ha pucynke 12.1 nokazan
TEIUIOBOM HACOC B PEXKUME OXJIAKIACHHS. YCTPOHCTBO pabOTaeT CleAYyIOIIUM
obpazom:

—  KomMmpeccop yIUIOTHAET Tmapel XJaJareHTa M HAarHetaer Hux K
PEBEPCUBHOMY KJIAIIAHY.

—  PeBepcUBHBIM KJAllaH HAIpaBJIIET CKaTbld NAp K BHELIHEMY
TEeINIOOOMEHHUKY  (KOHJEHcaTopy), TIJie  XJaJareHT  OXJIAKIAaeTcs |
KOHJICHCUPYETCA B )KUIAKOCTb.

—  Bo3ayx, npoxoasmuid yepe3 3MEEBUK KOHJIEHCATOpPa, OTBOJIUT TEIIO
OT XJIaJJareHTa.

—  Kunkuit xjagareHT o0XouT NEPBBIA KilanaH TerIOBOr0 paclIMpeHus
U TOCTYyNaeT KO BTOPOMY KJAllaHy TEIUIOBOIO PAaClIMPEHUsS BO BHYTPEHHEM
TEII0O0OMEHHUKE | (ycHapuTeie), jrIe  ©OH  paclIMpsercs B HCHapuTene u
IpeBpalacs css Lap.

— T7X P AATOHT YNy e e T TRIFIOB YO, AHEPIMIO. OT ROIYXA, MPOXOISIIETO
yepe3 3MECBHUK HUCIiapuTel, a XOJI0AHbIP BO3AYX BBIXOIUT C APYroil CTOPOHBI
3MeeBHKA. XOJOAHBIM BO3AYX MMOJAETCS B TOMENIEHNE KaK KOHAUIMOHUPOBAHHBIN
BO31yX.

—  3aTeM mapel XJIaJareHTa BO3BPAIAlOTCsS K PEBEPCUBHOMY KialaHy U
HAIPaBJISIIOTCA B KOMIPECCOP, YTOObI CHOBA HaYaTh LUKJI OXJIAXKICHUS.

TeruoBble HacoChl T0BOJBHO A((PEKTUBHO MCHONB3YIOT 3Hepruro. OnHaKo
TEIJIOBBIE HACOCBHI 4YacTO 3aMEP3al0T; TO €CTh 3MEEBUKU B HAPYKHOM BO3IYyX€
cobuparot nej. TenaoBoil HacOC JOJDKEH MEPUOJIUYECKH pacTaryiiBaTh ATOT JIEH,
[03TOMY OH CHOBa MEPEKIIOYAETCSd B PEKUM KOHAUIMOHEpPA, YTOObI HarpeTh
3MeeBUKH. YUTOOBI m30exkaTh 3aKaykyd XOJIOAHOTO BO3JyXa B JIOM B pEeXUME
KOHJIMLIMOHEPA, TEIUIOBOM HACOC TAKKE HMCIOJIB3YET JJIEKTPUYECKHE JIEHTOYHBIE
HarpeBaTenud JUIsl HarpeBa XOJOJHOIO  BO3JyXa, KOTOPBIM  OTKauMBaeT

KOHIUIIHUOHCDP. Kak ToJbpKo Jea pacTacT, TEILIOBOM HAaCOC CHOBA MCPCKIIIOYACTCA B



PEXKUM HarpeBa U BBIKIIIOYAET TOPENIKU.

NudpakpacHple  maHenu  HarpeBaer  OOBEKTbl  HEMOCPEACTBEHHO
JUIMHHOBOJIHOBOM ~ 3JIEKTPOMAarHUTHOM 3Hepruen. HarpearenbHble maHenu
paccenBarOT Jy4M TEIUIOBOM 3HEpruu no ayre 160°, paBHOMEpPHO pacupenesss
terio. Llenb cocTouT B TOM, YTOOBI pa3HULIa TEMIEPATYP MEXAY YPOBHEM MOja U
ypoBHeM mnortonka He npeBbimana 4°F (-16°C). Ilpu mnpaBWIbHOW YyCTaHOBKE
uH(ppakpacHble MaHEIW HArpeBaloT IOMEIIEHHE OBICTpEEe, YEeM JIpyrue BUbI
Tera, U mpu Ooiee HM3KHUX Temmeparypax. HeoOxomumo coOroaath KpaHIOKO
OCTOPO>KHOCTH JIJISl 3aIIUTHI OT OMACHOCTH BO3TOpaHUsi 00BEKTOB, HAXOISIINXCS B
HEMOCPEJCTBEHHOM OJIM30CTU OT OTpakarened MHQPPaKpacHOro H3IyUYEHUs.
Wucnekropel, paboTaromuye ¢ 3TUM HCTOYHMKOM TemJia, JOJKHBI TMPOUTH
crienuanbHyr0 NoArotoBky. MHQpakpacHble maHeIn BCTPAUBAECTCS B TOTOJOK HIIU
CTEHBbl B HEKOTOPBIX JOMax WM B KUPIHYHBIE WM KEPAMUYECKHE IOJIbl BAHHBIX
KOMHaT. Eciim mpoBozja OroyieHsl B LITYKaTypKe, UX CIEAYET pacCcMaTpuUBaTh Kak
OTKPBITYIO M OTOJICHHYIO HPOBOJIKY. MHCTIEKTOP JOMKEH XOpOLIO pa3dupaTbes B

9THUX CUCTEMAX, KOTOPBIC ABJIAIOTCA. TCXHMIYCCKUMHU U OTHOCHUTCIIbHO HOBBIMMU.



