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Blood pressure model for designing healthy bathing environment
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In this study, a bathing experiment was conducted to study the human
physiological response during bathing. The core temperature, blood pressure, blood flow, and heart
rate were measured.
We proposed a novel integrated thermo-cardiovascular regulation model merged with a human
thermoregulation model (HTM) and a cardiovascular regulation model (CRM), to predict the human
physiological response in transient and non-uniform bathing environment considering the blood flow
volume with the thermal environment, the metabolism rate, and the heart rate changes. Meanwhile, the
time-varying heart rate is used to adjust the cardiac output of the CRM' s circulation in
real-time. The results show that the proposed model can accurately predict the subject®s thermal
physiological response, including blood pressure, and blood flow volume during bathing. The
consideration of the metabolic rate and heart rate changes improved the prediction accuracy of the
thermo-cardiovascular regulation model.



@
@

®

*)
®)
(©)

€))

Jan.24,2020) 50 172cm 69.3kg
1 21 18
50 40

i G | 1. [ 1. ),
C ) 10 3
, ASHRAE7

Preparation room|Dressing Bathroom Dressing -y
Air temperature[FOOM Air tomperature room
20510312 2051022°C Air temperaturd ' Tap
9.510 20 °C 21C
Wiater temperature ‘

Mwdlc

1600mm

$00mm
Window

‘ Bathtub

V’

700mm 900mm
1800mm.

&
S
@

-
3
£
2
2

o,
R

&

1) 2 39 41

Preparation room Baths
- prre— Jores om0 3 == S ==
o - Core temperature
Water temperdture 38 =
. P 2
3 37
» Relative Humidity 70 36
\ - -~
35 60 R g3s
¥ 5 P
T 50 € 234
ERY g Z
0= g3
N L}
LY} 305 32
] T
s " »n JIe A
s Air temperature TN
2 s _"‘M/__ﬂ,gan_—g__—. 10 L Mean skin temperature I '“I
N 29 .
19 0 50 <40 30 20 -0 0 10 20 30 40 S0 60
S0 40 30 20 -0 0 10 20 30 40 S0 60

Time (min)
Time (min)

2 3



2)

3 Tskin
(Tcore)
10 38
3)
1
3 2 -3
1
() -34 24 -14 0 7 21 35 50 55
-1 -2 -3 -3 +1 +2 43 0 -2
4)
4(@)(b)
2
90 140mmHg (
) 60 90mm Hg ( ) 90/60 mmHg
4(b) 35
60 mmHg
110 Preparation room |r.'.y\:-:-u Bathroom 160 - Preparation room 'm‘ Bathroom m
100 = 140 """"'-""":"":' """"""""""" e
_ } 3 { 2 Systolic K ¢ :
Eo0 { = g0 \grdd | gt 'éﬁ"&‘:“i
= : . . £ i : P
& 80 1 } { i { ; 100 1 i i i y
= H P B ®  essccoasaamsssy S B L o S IS S SRl S S CU
P R % 2 g SRR S (R | ‘
ém } { } i E v I)mfolic 5 5 ¢ [ ] ‘: ¢ b
L B g dcoi i s sasanes IS (e ok, g - SRR I
“ '} “ [ e
80 +———————i—it — 40 A——
50 40 -30 20 -10 0 10 20 30 40 50 60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60
Time (min) Time (min)
4(a) 4(b)
@
5
1.4 4.7 2
300 Preparation room m Bathroom m
700 o 2
E 600 :
Z 500 g ' 35
j 400 Head E i *‘
£ g NP L Head 5% 9%
2 200 f | ;
ol St ‘ Lower limbs 3% 9%
0 . ® L
o Cardiac output !
E 8500 4 -% } Other parts 93% 84%
Z 5500 Foqi 4
3 5500 $-- 14 .
2 4000 A B &
2500

Time

5

-50 -40 -30 -20 -10 0 10 20

30 40 50 60
(min)



®

model
Stolwijk model

C)

®

Windkessel
Stolwijk model

35
5% 9% 93% 84%

37

HAND
7) <—> Heat transfer by blood flow
<+ Heat conduction between layers
=) Heat and water transfer

between skin and around environment
=p Heat and water transfer by breathing

TRUNKZ(GWUI 0ir -ai,loin)

Windkessel model

Head artery Head vein

ErEel m L F

Pulmonary circulatory
system
D (@

Left
atrium

Right
atrium

e

Left
ventricle

Right
ventricle

Upper limbs artery Upper limbs vein
R, ? —
g2 O Vet ) Voor oee
Trunk artery I'runk vein

R T | 1 e T
—{ e | a7y KT e un
—————

Lower limbs artery

ower limbs vein
(e

G T [Foue |
L Y P Rsda

Stolwijk

Windkessel




®

22
Stolwijk  Windkessel model 50
1) 8 9
39 Prepanationroom 800 - Preparation room m Bathroom m
Core temperature Head
i i 700
37 3 z 600 -
- i £ 500 -
¢ : 2
=3 ' . 400 - Y
= ' X £ 300 - o LI )
[ ' = . .
2 ., : il 2 200 : .
333 Mean skin temperature | ]
& : i i i 100
31 [Tt ! 0 e —— —_—
I I J i 50 40 -30 20 -10 0 10 20 30 40 50 60
: H ! Time (min)
29 : ' T 800 | _Preparation room SRR Bathroom | Dress o |
160 i i i 20 Lower limbs : i
) P ; g -
:: ] =
g : : EW
It ! | £
Z | | 3
& ! ! = 200 :
P 4 T ; i 100 ‘ .
S ! i ! . :
= Diastolic H i i 0 e @ ;
I ! i ; 50 40 30 20 10 0 10 20 30 40 50 60
i i i Time (min)
40 T T T T T T T T T T T 5 - f—
- - 3 . N m Teparation room 2 Bathroom
50 -40 -30 -20 -10 ](‘)ime :l(l)lin)ZO 30 40 50 60 1 _P—_Car diac output : :
E ss00
8 3
=
~ 7000
H
{— Experimental results — Calculation results T 5500
2
4000 ¢
2500

S0 40 30 20 -10 0O 10 20 30 40 S50 60
Time (min)

50 20



85
2020
249-258
DOl
10.3130/aije.85.249
Han Liu, Daisuke Ogura, Shuichi Hokoi, Chiemi Iba 228
Study on physiological response considering blood flow volume in transient and non-uniform 2023
bathing thermal environment using thermo-cardiovascular regulation model
Building and Environment 109826
DOl
10.1016/j .buildenv.2022.109820
Ayaka Takii, Chiemi lIba, Shuichi Hokoi 232
Analysis of temperature preference of guests from various countries/regions during summer and 2023
winter in a budget hotel in Kyoto, Japan
Building and Environment 110052

DOl
10.1016/j .buildenv.2023.110052

2019




2019

2019

2019

30

2018




30

2018
2018
4
2022
4
Noor Hanita Abdul Majid, Nozomi Takagi, Shuichi Hokoi, Tomoko Uno, Sri Nastiti N Ekasiwi 2019
Nova, Science Publishers, Inc., New York. 164

Indoor Environment and Air-conditioning of Residential Buildings in a Hot, Dry Climate (Oman):
Present and Future, in Oman in the 21st Century: Issues and Challenges, Ch. 4




Tomoko Uno, Shuichi Hokoi, Sri Nastiti N Ekasiwi 2018
Springer 559
Sustainable Houses and Living in the Hot-Humid Climates of Asia, Chapter 23

Tomoko Uno, Daisuke Oka, Shuichi Hokoi, Sri Nastiti N Ekasiwi, and Noor Hanita Abdul Majid 2018
Springer 559
Sustainable Houses and Living in the Hot-Humid Climates of Asia, Chapter 13

Tomoko Uno, Shuichi Hokoi and Sri Nastiti N. Ekasiwi 2018
Springer 559

Sustainable Houses and Living in the Hot-Humid Climates of Asia, Chapter 39

(1BA CHIEMI)

(10462342) (14301)

(OGURA DAISUKE)

(60283868) (14301)







