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In the event of a severe nuclear, biological, or chemical (NBC) incident, perhaps related to 
terrorism or a nuclear power plant accident, rapid and effective decontamination procedures for the 
human body become critically important during on-site rescue operations. In this study, we propose 
a new decontamination system based on forced convection, called the wind decontamination 
system (WDCS). The fundamental pe.rfonnance of a WDCS prototype is evaluated by using 
computational fluid dynamics (CFD). The mass transfer characteristics of the WDCS air jets that 
act on the human body are quantitatively discussed, based on the CFD results. 
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1. Introduction 

The necessity of developing a prompt and effective 
decontamination system for the outer surface of the 
human body has been brought into prominence by the 
severe incident at Fukushima Daiichi nuclear power 
plant in 2011. From the perspective of on-site rescue at 
the scene of a disaster, wet and dry decontamination 
processes are both regarded as universally applicable and 
basic countermeasures (Okumura T., 1998a and 1998b, 
Bronstein and Currance, 1994), especially in a chemical 
accident scenario involving gaseous or liquid 
contaminants. However, both wet and dry 
decontamination processes have limitations. A 
water-based decontamination procedure has an 
advantage in decontamination efficiency, but it is 
difficult to provide privacy to victims during the 
decontamination process because of the necessity of 
undressing. Furthermore, it is also difficult 1D set up the 
decontamination device quickly because of the 
limitations of hot-water preparation and on-site 
requirements of the water-pool. In a severe disaster 
scenario where hundreds of victims are exposed to 
hazardous contaminants, an effective and rapid 
decontamination method is required that can respond 
rapidly while also reducing the feeling of panic among 
the victims. 

The primary objective of this study is to develop a 
novel decontamination procedure that uses forced 
convective flaw, called the wind decontamination system 
(WDCS). The operating principle of the WDCS is 
similar to that of an industrial air-shower system. 
Although industrial air-shower systems have been widely 

adopted in factories and cleanrooms, a quantitative and 
qualitative method to evaluate their decontamination 
efficiency has not yet been fully discussed (Austin, 1970, 
Li and Ito, 2012, Li and Ito, 2014). In general, such a 
system has a conservative design, in consideration of the 
safety rate. From this background, the purpose of this 
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study is to discuss an optimized design method for a 
WDCS and an index of decontamination efficiency for a 
WDCS. 

In previous research, we have evaluated the 
decontamination performance of an industrial air-shower 
system by experiment and computational fluid dynamics 
(CFD), and discussed the design of a WDCS prototype 
(Li and Ito, 2014). Following from this research, the 
purpose of this study is to conduct CFD simulations in 
accordance with experimental scenarios that target the 
detailed geometry of a WDCS, and to provide additional 
fundamental information applicable to the design of a 
WDCS. In particular, the mass transfer from the human 
body surface caused by a WDCS prototype is discussed 
as a fundamental index for the evaluation of the 
decontamination efficiency, based on the CFD results. 

2. WDCS prototype 

Figure 1 shows the outline of the WDCS prototype. 
The entry and exit doors are designed for rapid, one-way 
handling for in-order treatment of large numbers of 
casualties. There are a total of 21 supply nozzles placed 
on the side walls and ceiling. Each nozzle (detailed in 
Figure 1(c)) has a rectangular opening of area 1700 mm2

, 

and can oscillate along the shorter axis at 2.0 Hz, causing 
periodic fluctuation of flow jet direction. The 5 nozzles 
that are fixed on the ceiling are used to generate a 
uniform vertical flow from the top to bottom, in order to 
prevent recirculation of the contaminant. A total of 16 
nozzles are installed on the side walls (Figure 1(d)), to 
ensure the purging of the contaminant from the local 
dead zones of the human body. The maximum airflow 
rate was 25m3/min (1500 m3/h). Under this condition, 
the average inlet supply velocity of each nozzle is 
12 m/s. 

We have previously reported the results regarding the 
performance evaluation of an industrial air-shower 
system in removal of gaseous and liquid contaminants 
from the human body surface. With the objective of a 
portable decontamination operation, the WDCS 
prototype in this study is smaller and lighter than the 
industrial air-shower system previously investigated (Li 
and Ito, 2014). The airflow rate is also approximately 
reduced by half, with each nozzle having an equal flow. 
In addition, the self-induced oscillating jet from the 
flip-flop nozzle was adopted in the WDCS prototype, in 
order to increase the decontamination performance. The 
experimental results for fundamental decontamination 
efficiency have been reported in previous papers (Li et 
al., 2013, Li and Ito, 2014). 

3 Outline of CFD simulation 

3.1 Numerical and boundary conditions 

In this study, a CFD simulation was conducted to 
investigate the performance of a WDCS prototype. 
Figure 2 shows the outline of target space for numerical 
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simulation with a virtual manikin arranged in the center 
of the room (Ito and Hotta, 2006, Li and Ito, 2013). The 
triangular surface mesh reproduced the complex 
geometry of the human body shape. Prism cells were used 
to solve the boundary layer around the body. A minimum 
of four continuous layers of prism cells were allocated, 
with equal heights of less than 1.0 mm. The wall units 
(y l that express the dimensionless normal distance from 
the surface approximately met the requirement of 1.0 over 
the whole surface of the body. 

Two different wind conditions are considered: (1) The 
body facing the door (cross wind), with (x, y, z) 
dimensions of (0.8 m, 1.91 m, 1.0 m), and (2) the body 
facing the wall (facing wind), with dimensions of (1.0 m, 



1.91 m, 0.8 m). The virtual manikin is representative 
of realistic hum.tm body proportions for an adult male. 

The numerical and boundary conditions ~ listed in 
Table 1. The total airflow rate follows the perfonnance of 
the WDCS prototype and is set to 2S m3/min (1500 m3/h). 
Conespondingly, the velocity magnitude of each supply 
inlet (nozzle) in the CFD simulation is 12 m/s. In view of 
the strong wind conditions, i.e., in excess of 10 m/s, the 
SST k-a> model was employed in CFD simulation 
(Menter et al., 2003). The SIMPLE algorithm was used 
with the QUICK scheme for the convective terms, and a (a) Case C-S {Steady) (b) Case C-02 {Oscillating) 
second-order cen1ral difference scheme was used for the 
others. In addition, the turbulence intensity is set to either 
100/o, 30% and 50%. The inlet air temperature T w and 
the skin surface temperature T.fk are set at the fixed 
values of T u = 293 K and T,,. = 307 K. Detailed 
information is listed in Table 1. In this CFD simulation, 
the body was assumed to be unclothed. 

3.2 Case1 analyzed by CFD simulation 

The cases analyzed by CFD simulation are listed in 
Table 2. Here, both steady-state (nozzles perpendicular to 
the wall, hereafter referred to as steady) and 
unsteady-state (oscillation at 2.0 Hz, hereafter referred to 
as oscillating) simulations are carried out. Under the 
oscillating conditions, a time period of 10 s was simulated. 
Furthermore, in order to investigate the removal 
efficiency of the contaminant from the human body, we 
analyze the distribution of the convective heat transfer 
coefficient ac around the body. The mass transfer 
coefficient can be estimated by assuming the Lewis 
analogy between heat transfer and mass transfer, and 
hence the analysis results for the convective heat transfer 
coefficient can provide fundamental information about 
the contaminant removal performance, as a first 
approximation to the parameters that influence a WDCS 
design. 

The convective heat 1ransfer coefficient ac [WI m 2/K] 
can be obtained from the following equation (Eq.1): 

(1) 

Here, Qc [W /m2
] denotes the convective heat tlux.. T.r.t 

and T.v represent the skin surface temperature and inlet 
air tempe:tature respectively. Because the entire wall 
boundaries were set as fixed temperatures, the analysis 
for tadiative heat transfer was disregarded in this CFD 
simulation. 

4 Results of CFD simulations 

4.1 Distn"bution of flow field 

The tlow field distribution around the body for the 
cross wind cases are shown by x-z (left) and y-z (right) 
view sections in Figure 3. From the y-z view sections, it 
can be seen that the region of low velocity is wider under 
the oscillating condition than it is under the steady 

(c) Case C-03 (Oscillating) (d) Case C-04 (Oscillating) 
Fig. 3. Flow field distributions with a cross wind {velocity 

magnitude). 

(a) Case F-S (Steady) (b) Case F-02 (Oscillating) 

(c) Case F-03 (Oscillating) (d) Case F-04 (Oscillating) 
Fig. 4. Flow field disttibutions with a facing wind (velocity 

magnitude). 

condition. In the steady condition, the air t1ow from the 
ceiling nozzles impinges directly against the head of the 
human body, and the air tlow from the wall nozzles parts 
from the rear and back of the body. The measured 
velocity above the head was about 6 m/s. In the 
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In the vicinity of supply nozzle, the velocity gradient of Table 3. Average ac [W/m2/K.] on each body segment 
supplied jet and surrounding air was huge and turbulent 
kinetic energy was generated in proportion to the large 
velocity gradients. This is one of the causes of 
no-observed impact of TI setting as supply inlet 
boundary condition of the nozzles. 

5. Conclusions 

The concept of a wind deconta.nllnation system 
(WDCS) is a novel deconta.nllnation method that is 
expected to substitute for dry and wet deconta.nllnation 
procedures. 

In this study, we provided additional information 
about the flow pattern inside the WDCS, and the 
convective heat transfer characteristics on the human 
body surface were calculated by CFD simulation. 

From the results of flow field and convective heat 
transfer coefficient. it was confirmed that the oscillation 
of the inlet air supply jet direction may contribute to an 
increase in the air-mixing in a WDCS, and increase the 
uniformity of convective heat transfer coefficients on 
the human body surfaces. By conducting the CFD 
simulation with two wind conditions {steady and 
oscillating conditions), it was found that the differences 
of the convective heat transfer coefficients between 
body segments are smaller in the oscillating condition 
than they are in the steady condition. 

There is little previous research that quantitatively 
clarified the convective heat (and/or mass) transfer 
phenomena on the human body surface that occur either 
in an industrial air-shower system or in a WDCS. The 
CFD results regarding the distributions of the 
convective heat transfer coefficient ac on the body 
surface are useful and valuable for optimizing the 
design of a WDCS. 
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