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Experiments on effect of indoor thermal condition on sensation of dryness at throat

YAMADA Naoki", TAKADA Satoru"
Graduate School of Engineering, Kobe University"

Abstract: The analytical model which simulates the air temperature and humidity in the airway during respiration has been
developed by the authors in order to clarify the mechanism on sensation of dryness at the throat in winter. The decrease in the
amount of water on the wall of the airway during respiration would be a factor which causes the sensation of dryness at the
throat. But the relationship between the sensation of dryness and the thermal and moisture condition of the airway has not
been clarified yet. In this study, the experiments involving subjects breathing through the nose or the mouth were carried out
under various conditions of air temperature and humidity of the room air to measure the temperature of the breathing air and
the sensation vote of dryness and the level of amount of water in the oral cavity. As the result, it was shown that the sensation
vote of dryness for the nasal cavity during breathing through nose and that for the oral cavity during breathing through mouth
shift to ”dry” side and the amount of water in the oral cavity becomes lower, as absolute humidity of the room air is lower.

Keyword: dryness, respiratory tract, temperature, humidity, respiration

HE : ZEOIL. £FIRITD, BOERDO A D =X LEMRLERNNY 2B 57012, HEEOKERNLHCHZ
K[OBE - BEEZHETIMTET VOEEEToTCETWVD, GOHBRBROER L LT, WREOKERETO
SEBMEOBONBEZ DNEH, ERR L SENEROEASIREOBEGEEBE S M LESEIIR LA,
AR TIE, HFx RIRBERFTORITER & O & HE L EREEREITV., FEHEBAZKIEE, EERE
HE, OEKSEZREL, BENORIBE L LBRROBREREI TS, ZORE, BELEBRBEE, ok
KROBOMIITARGEGRE RWETICREES 2o 720, BOETBEDOZESERA LIRS, BEREDA
RPN T O ELRRE RS & O FPIREED Qe TORMRB P SENERAOMEE L . OEKSENE T 2 EI

mahz,
F—U—F: iR [E. BE, BE, R

1. IZC®Iiz WY KSFEFEEOBEDN LR D ELMEDOEIRED—
A7 4 AT —=H—1000 AT 288ICET27 > ETHIEEZLND, EEHHQ013)IT. KEHkEH
r— b, 2013)2BWT, ERAEUAEMEZER  ARICER L KEN TOBKSBEZT 7L 2 R%E
LIl ZAh REWVSEIENEGS NI, BOER L, BFREOJEANTERDOEEE OFFERIZON
BROIREGRE L OBSAHE O MTE, BARICI  THERT-> TV AR, BEERE L EREOB&GEH
A, HRREZEB LT 7 4 ABOEEMOREBEE  OMICTEETIZIZE S TRV, Seeley 5(1940)iT A
RELTD2—iced B DD, RIZHEBEZREL BCHT2BECRBELHT S LW I BAEN D, Keck
DEREL LT, QUIEETOKSEREDOETAELDL 5000 ILDIMBMBEMELTHRS LWV HBAEND
N3, [EEIC L > TRAZEZOMBMB(EEZERD EHNOEEBE! mut%ﬂ"’mfwrﬁ?ﬂjf&)\xxw{m)#
BBENTERE L Y LEVES)NThi, KEEND LIBE%, Hoppe >(198)ITEYUED T &\ 5 @an
@tak IREDND, WICHHODOFEHES»LRE O &N L OREN TOREHE AR 23 LT\ 323,
BRSPS D, R TIE, ZhbpiViE EERRICHTHEEIIIT-oTVARY, KFLETIE, |
éhé WRICBEDENZERE R L, BMAZRD BEFEZ2EHIEZBED. BFE L ORERE28E
BIABEMETL, [EENOOASEREE LEgREERLZITV., BHBAZSEE, SBREH
7§‘>‘k%<7ﬁt0\ MEDFLIRIZORDD LEZ bNWD, £ S, NEASEOELZHE L., ERENORITE
oo BEOBWERERS>FET, [ERAOBEN L LEBRRPEE. 0RkSEOBEERAT S,

121

NI | -El ectronic Library Service



Japanese Soci ety of Human- Environnent System

2. Fik

18 2.5m, BATX 1.8m. & X 1.8m DA LREEIZ T,
ENRBEFEZCERETo, 8K E AFREED
BAERFTOERT IO, BIEERECIIOE, O
RIS & A2 — AT —7THL., FBETO
WEBRAE»O OEBBRELREL, MA T, LD
MEHRAEREE L, OEKSE(GA 7)) AV, &
DFEHEH S lem DETOAMEASEEFHHIT S, A0
2T, AREASEICER L0k, BRI KM
BABTSDOXEEROTRELRVESL EEX-
HLDTHD,
FERITBEOARZEILSEDLER 1 L, HEBED
HEEMIELER2 2177, £ 1 ICHIEEE, K2
ICEBR 1O, RIWLER2OFGFE T, EBRL, 24
WHBREGE OIT4ABY | —EIOEBRIIHEHRE 2 AT
DRIFFZIT Y, #HBREEATLREENICAZEIE, 20
SRR IR EE TR S 7=, HBIZITS, SR
DOEBRETHE, AFICAES IO FiF7z, 743
RO 0 OE(ER 10mm)Z 27 EEX O FHE
RIXEOHDNIERY F1F 2, OFEROEE, WNBIZEE
FHEROFiT7, TAIBETHBESIR =R =F L
RO AME 35mm, NE 30mm)% < oz X 5 (EES
OFAEEDOHN), HF&FE S, BENE 15 HFT
W, BLREHREIL S KT LICETHESE S, wERR
AR D & (B, BN, B, DN, THEE, M
BN 1 DA —NERANTIT S, BREREE L FEF
W OEKSEEZFHIT 5, 4 Phase RIL 105301 4
— NNV ERBE, ZOBIBENOBREZX 21T, il
5 ODOEIEE 4 Phase DT T5FE TRYIRT, 24z
BEBOAY O a—VERT,

* L:AEHER

fﬂo’g\é
]

& AWERE DR
FRE | Hh | Fih | BNMER
A S 22 1
B % 21 1 2
C 5 22 1,2
D ] 21 12
E 5 23 2

MY BoTLN P EBLTE D BELTLWS ALY
5EO’ICL‘%> 7'.Ill,\ §‘ZL\I’CL‘6
1 1 1

3

E‘zml:ué
1

afEBlES . ZAEX OB T
b:4% Phase DEHAIBELE (D, -,©7 Phase FF % 7~7)

CFPIR IR FEEHA, REARRRE & (5 S RIRR). ARk S EOEHRI(S S5

eENRERE, PEXNOMHITEX

)

HEHEAR BEEF | HErd: | AEEE
EERIRIRE LEFr SRR 10%)
BEHH IR N I BT 28T BRERA 0. 1>
IR E 6EFT ExHE 543
OREKS B 1A |OEEKS =5 55>
BHE LE&FT B BT
R2EEREHERD
Phase | BE | BxtBE |HAMBE| PR | R
—%— 18[C] 32[%] ﬁ A B
— 0.004[kg/kg’] & c’ D
o) 28[C] 17[%!] = ’
# 3 EREMER2)
Phase | RE SHBE | fHXSEE | PRk | SRR
% 0.002[kg/kg’l|  8[%] ﬁ‘
% 28[°C] |0.010[kg/ke’)} 42[%] ﬁ IB)” g
% 0.020[kg/kg’]| 83[%] ﬁ‘

B 2:EBRAr P a— (b EB1, T :EBR?2)

3. R
3.0 FEHRONREE (EBR 1)

X3 &35 12 HRAZERIRE OBIERREERED)
7Y, 18 CHAF(PhaseD. @), 28°CEfH(Phase
Q. @YDFMB, EEMICFEHBARE TS 2%, Z
i, BABRENEHEBEEICLEEL TS DEE
bbb, iz, BFERPhase®, @)& O (Phase
@, Q)FHETZ L, RUEBELHICESNTARED
FHRFEHIBEENE, BENTERMICBWTERE
DBK S ZHREFESA K E <, FRHERC GERED IR 22
SNHELEIRT A7 THD EELhD,

40 - —— Phase(@) - Phase@)_
—— Phase@ - Phase@

35 | o PRV e

15 i1 1 ) I
0 5 10 25 30
Hv*flgasf(s)
X 3: FEHR AIREE (EBR 1, #BRED)
£S5 FRHBEARE (EBR 1. #HBRED)
Phase(D | Phase® | Phase® | Phase@

[BAME| 28.1[Cll_322[CIl 324[Cl| 347[C]
M 20.2[C] 20[°C]l  28.9[°C)l 29.5[°C]
[F#fE | _24.5[Cll_27.8[Cl|_30.5[Cll 322[C]

122

NI | -El ectronic Library Service




Japanese Soci ety of Human- Environnent System

32 FEHRARE (8B 2)

rrrrr

4 &3 6 I FEHITAZE IR EE O BIERS RORBRE C) . | Phased  Phased
ERT. BIFR(PhaseD. @, B)& NIPEPhase®. @, 5 (> L 7
@& BT 5L, FUHMBELHTE, &FRos ' ¢ e i
BIEHIREAE, EBR 1 LRI, OREOBEEIZ % 0 —oE oo N B0
B, MEESIEMES S RESER LY B b o 0Phase@I00 ., 130
2 on5B, £, ENOBTEEARNEY, Bl . o WREA WA |
RABESFE R SEAICHD, BOOICBTIRE I AEHC © HBE0
BENDDOKSEBRENHL UKEENDEDN DS
BHRRADEEZ LD, X 5: FIREREEE ER 1. 2IEN)

40 — .

2g T grase% _________________ En::g% ««««««« BEZ::[ z Phase® oo Phase® 5 o
O34 e ; % 1 . = oo
%ﬁJﬁl %o T : T - =

28 ) §_1 20 0 60 80 - L100 o 120

2 L L : L B Phase® Phase

0 5 10 15 25 30 -2 |
B (s) s o e O WEREA [ HEREB| |
4 SEHAIREE (EBR 2. HBREC) Rilfilmin] 5 BEC O MIRHD
% 6: FEHIRARE (%2, HBEC) B 6: RRREEE (IR 1. TER)
Ph(zia)se Phél)se Ph(g)se Pha)se Ph(g)se Ph(g)se . Phase® Phase@®
St [33.11C] 34.3(C1| 33.61CY| 347(C 34.7(C)f 36IC]] | Phase® a
BoME| 28°C]| 28.91°CIf 28.2[C)[ 29.71°C]| 29.3(C][309[C)| & ' L L
v 31c) 32.2rc)31orcy 3261C 3271 3401 &' e o
o reoor—wo- e
g 20 40 60 80 100 120
33EMRBEE, DEASE (ER1) T Phas®

X 5~7 B ENICKIT DR B S EOBRERT, -2 OWEREA DBEREB
BIPE @haseD, @) B TIX, 4 A2 A(BERE 3 iy RAC O HBED]
B. C)IZ2WT, SMEN TORMRRHESEDS 0 Rk R
L bEy (FEERANCR D), W O FR B (Phase@), X 7: e E (ERR 1. NHER)

@), AERNTIIEHEREIZHOWVWT, HETIX 4 AP 2

ANFERE C. DITOWT, MHEA T ORI EHENE 33

W, FER SRR U EREEZ DN S, X T, 18C 32 Phase® Phase® Phaseld
St (PhaseD, @NZILR, 28°CHMF(Phase®. @)DF — Z¥ oo —p
B, DPAICERBESEATS, DL, BORE 5 2T% o7y
DEEGZEBATHET, DEXE KHREE © Lo 005  sob
BEAR LR o b 2 B, &

8 ICAEAGEETT, BFEE(Phase®, @)kt 25 fgggg Qgggg_
~, OFEEK(Phase®, @)D A, [B CIERESMEFTIL, 25 . o ™
OBEPR S BAME S 720 . ISP T BRI i 251 (0 20 4 0 e i)™ 00 120

) DRI & —FKT 5, —F. 28°CE{H(Phase@.
@)t~ 18 C L (PhaseD, @)D H A5, OfEKST BN
B< 2D, DEKSEMEN E ERBESESEN L

X8 AOffEknE (ER1)

JAEBRBRE, niEkoE (E8k2)

9~11 IZHEALIZIIT D BB S EOK R E T
T EHFBREICEHL T, BBEEOROEFIZLY, &
e, HEEPY, FHEE CORRREH SE MRV, Zhi,

WO BBRIZII R Bl oo, SRBETAMLERDH B,

123

NI | -El ectronic Library Service



Japanese Soci ety of Human- Environnent System

RIEREDN D DKRDEREN DR RBEDEEZLN
5, E£i-, HANEEOEIC K D BB R S EOEE)
M, BEENTIE., OFMEKE(Phase®. @, @)Lv L&
FER i (Phase@, @, ®) T, OIER Tid, S0EY B (Phase
D. @. ®)&L Y b OEEEF(Phase®, @, ®)T. kX
7%, EB 1 LEKIC, FRAFEIISCTHROF
BAE BT 2EMRETHTIERDM D,

K12 ARG EE T, £ 1 LERRIZ, RIUE
SHEE &M TIE, BFEPhaseD. @, G)ick~, A
FEOR (Phase®. @, ®)DF A, OEEKSBEMEL 2o
Too PAHEAEAMEVIE & AN T O ERR B & E A
LB LW BRICA oz, T, HEAREO/EN
GHIEE, OEKRSEMES, SFEAN, OFEN, IHE
TOFREREEIE,

PhaseD

3 e—

» Ixxss Phase@ Phase® -
g N ... Phase@ Phase® Phas¢®
%1 PO — X 0 g «> —b
ﬁ 0 SRR S rSICREE L £56
& 2 40 60 80 100 120 140 160 180
&1 | SEE ] SR - RO
o

) R — 153

; | “w®mEs . #EBEC|

Bflmin] | O MBRED X HEAEE |
9: BIRREEE (ER 2. &IEN)

33
T sew ,
Phase@Phase@ 4 Phase®
,, Thased) T T 4
CHEREB o WERAC! |
26 OWERED XWEREE [ |
25 . ‘ ; . :
20 40 60 80 100 120 140 160 180
B [min]

K 12: nEKRSE (E8R2)

4. £&0

AT, IRBELEG 2 L8 S W2BE O KR
L AFPR 248 L2 EBRE EBR ATV, FEHIRAZESR
RE, £HE (ODEAkSE) LOHEE GRRRHEHE)
DBEE Tz, FEHIBEICEIL T, R UCBRESME
DI5E . Hoppe H(1981)DEBR L FHE, AR LY L0
ROFBENE, BLORECHETEENEV &
HREENARWELZRERE L, £, BEEICNTS
H R A E OB MR & OEA S EOHEBOMER
EOMICHEZBERIZR O o b0, BN
MBEDEZERAL-HE, BIFEREEDBENTO
BN & D R B 0D [ SN C 0D BE MRS R A5 B 3
HIREIL 720 OREKSEMET LT,

BEE AMEO—EIT. BARNIERS BEmesk
T B)GREE 5 25289195, HFZEEARE : & B
O EZIT -, ELTHELET S,

5. C#ER

= FHBE, 2013, FofRk & EPNIRBREE SR B3 5 2EAE
HIRFFZE, B ABREFDREERIICE 78 (693): 835/840.

WAER S, 2013, (KRR T CORBRICET o0F
(T D OFENIERE O EAEICES T LOR
&, A AR R EGRTEEBIE D-2:273/274

Keck T, Leiacker R, Heinrich A, Kiihnemann S, Rettinger G,
2000.Humidity and temperature profile in the nasal cavity.
Rhinology 38:167/171.

Seeley L E, 1940. Study of changes in the temperature and
water vapor content of respired air in the nasal cavity.
Heating Piping and Air Conditioning 12: 377/388.

P. Hoppe, 1981. Temperatures of Expired Air under Varying
Climatic Conditions. Int. J. Biometeor. 1981, 25
(2):127/132

s Phase® ... Phase®
e e " Phas¢®

z o o T —p
3 Phase® Phase® . Phase® . |
S — — X 5 &
l
10 ooe SRR OO0
# 20 40 60 80 100 120 14 160 180
R e e X R
<

B R = - S SEE - -]

3 IIHEREB %&sﬁ%c%

BeRlmin] | O WERED X BEREE
10: Bk S (EBR 2. PIEN)
3
- N Phase®Phase@ Phas L@

a ) Phase®
R X K O —>
|
gu-o YW")C 1 1 l(\ﬁr"i 1 DI lﬁ Fen S| ?’S”
® 2 40 60 80 100 120 140 _ 160 1;340
$_1Phase®Phase® .............. R d

PR = e

3 TRBREB . WEREC|

Bsfmin]  [OBBRED XHREE

(X 11: PR EE (28R 2. WHEH)

124

<Eigk>

BAREKA  ILHES

FERT - M E TR S HAHET 1-1

T : #F KRR LR

E-mail 7 F L A : 128t067t@stu.kobe-u.ac.jp

NI | -El ectronic Library Service



