Coupled Thermal Comfort and Airflow Modelling in

Emergency Tents

Xiaochen Wu

Low Carbon Building Design and Modelling

Supervised by:

Dr. Malcolm Cook
Dr. Paul Cropper
Dr. Lee Bosher

NCEUB Conference for Master Students
Sep. 2011

B Loughborough
University



Introduction

Characteristics of emergency relief tents

-Widely used in post-disaster relief with large population of users!?
-Has not been considered as a building for a long time

-Extreme low thermal mass and resistance due to canvas material

Consequently

-Increasing complains about thermal discomforted (mostly cold feelings in winter) reported.?
-Inner surface temperature of fabrics vary largely with solar radiation (Inhomogeneous
radiation environment) due to low thermal mass material.

-Challenging for conventional whole body based PMV thermal comfort model (local discomfort
more influential)

Therefore

The study aims to demonstrate an application of the a novel coupled system in such
inhomogeneous environment, to quantify the thermal comfort performance with
overcoming the limitations in conventional PMV models.

1.Qayum K,2005, Pakistan Asks Quake Survivors to Leave Mountains Before Winter 2005 Blomberg news (online) 23 October,

2. Manfield, P., A Comparative Study of Temporary Shelters used in Cold Climates. What can be learnt from the design of the
Yurt and the Scott tent to inform the future design of shelters systems for emergency relief? History Essay for the MPhil degree
in Environmental Design in Architecture; 2000
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What is coupled model?

IESD-Fiala model
A multi-node, dynamic, computer physiological model predicting human thermal responses and
the associated thermal sensation in a wide range of environments
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- Passive system represents the physical body(59 parts) and calculates the heat transfer
through the various tissue layers of the body and clothing.
-Human body’s defense mechanism (thermalregulation) is modelled by active system.

(e.g sweating, shivering)
-Surface(Skin) temperature and moisture production on 59 body parts is predictable

http://www.iesd.dmu.ac.uk/~yzhang/wiki/doku.php?id= i
software:model:iesd_fiala:introduction Unwermty
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What is coupled model? (cont.)

CFD model

- Detailed-geometry(59-parts) computational thermal manikin (data exchange boundary)
-Predict the local environmental conditions around CTM (provide input for IESD-fiala model
-Change of body temperature is also feed back to CFD model

-Two way data exchange

Surface Temperature(59) and Evaporative Heat Loss(59)
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Air Temperature, Relative Humidity,
Convective Heat Flux(59) and Radiative Heat Flux(59)

Composition and subdivision of the clothed body geometry!
Data exchange process?

1. Cropper, P.C., Yang, T., Cook, M.J,, Fiala, D. and Yousaf, R., 2010 'Coupling a model of human . L h
thermoregulation with computational fluid dynamics for predicting human-environment interaction’, ﬂl;lg b_ﬂl'ﬂugh
Journal of Building Performance Simulation, Vol. 3 Number 3, pp.233-243. Uﬂl?ﬂfﬂlty



Case study definition

-16m? IFRC standardized relief tents Case-1 Case-2 Case-3
DBT (°C) -6.3 3.7 24.5

-Single person standing at the centre Ground 4.43 14.5 24.62
Roof -3.85 25.8 41.15

-Doors and windows closed North -3.84 18.3 27.49
East -3.81 16.3 27.86

Infiltrati . | delled West -3.85 18.3 27.49
-infitration s simply modetie South 3.8 20.07 34.9

] ) Simulated Wall BC for CFD model
-site Wenchuan,China

-1 winter case (coldest hour, case 1)
-2 asymmetric environment cases (case 2,3)

-Boundary conditions obtained from dynamic
thermal simulation

-Uncoupled (CFD alone) case also created for
comparison with detailed CTM replaced by a
cylinder

Computational domain and mesh
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Model comparison
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More realistic skin/cloth surface temperature predicted by IESD-Fiala model
More accurate near body air distribution
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Results

Coupled system Uncoupled simulation
Case-1 Case-2 Case-3 Case-1 Case-2 Case-3
DBT -1.6 16.6 29.1 -2.3 16.3 28.8
MRT 03 19.5 31.8 -0.5 19.1 31.7
Total metabolic rate (W) / 289.3\ 105 122 /7 95\
Extra metabolic rate due to shivering (W) \ 159.1/ 0 _0__
Moisture prodution due to sweating (g/min) ~ 0 @.56) /n_\
Thermal sensation -2.95(DTS) /20.11(DTS\ 1.2(DTS) |-2.8(PMV) f£1.12(PMW|1.41 (PMV)
PPD(%) 99.9 N_ 52 /| 355 96.7 N_ 305 /| 455

DTS is predicted from IESD-Fiala model, PMV is calculated from the output of CFD model

- Metabolic rate predicted by coupled system is much higher than common assumption (95W) as
the shivering modelled producing more heat gain, result in higher room temperature

- Warmer roof (less radiative heat loss on head) leads to better thermal sensation in coupled
model, while whole body based PMV model doesn’t take it into account

- Sweating is also modelled in hot environment, result in a more neutral thermal sensation
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Conclusions

A successful demonstration of application of coupling a sophisticated thermal
comfort model with CFD model in an inhomogeneous environment.

Poor thermal comfort performance of emergency tents in winter is confirmed.

The comparison with conventional CFD thermal comfort modelling (PMV
method) highlights the advantage of coupled system

-more accurate skin/cloth temperture and near body air temperature distribution
-the modelling of human thermalregulation results in a more realistic metabolic
heat gain and thermal sensation.

-ability in catching local comfort in asymmetric environments

Thank you very much!
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