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We submit our manuscript entitled ‘Study on Moisture Absorption and Desorption Rate of 

Bamboo Scrimber by Hot-Humid Climatic Wind Tunnel’ to Journal of Visualized Experiments 

for publication. 

In this paper a wind tunnel test was carried out with complete climate data of a typical 

summer day in Guangzhou, a subtropical city located in south China. The climate data, 

including dynamic solar radiation, air temperature, relative humidity and constant wind 

speed was repeated for 72hr, of which the last 48hr were selected for analysis. The reference 

timber for comparison in this study was Intsia.spp (Caesalpiniaceae), a kind of antiseptic 

hardwood for outdoor flooring. The dynamic test result in wind tunnel showed that bamboo 

scrimber had lower moisture absorption and desorption rate than reference hardwood. The 

significant magnitude difference between the dynamic and static test results showed the 

necessity of a comprehensive evaluation approach that could take more practical climate 

conditions into consideration. The climatic wind tunnel enabled the control of complete 

climate conditions, therefore realized the repeatability and standardization of the climate-

related experiment. 

 

Thank you very much for your attention and consideration. 

 

 

Sincerely yours, 
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Technology, Guangzhou 510640, China;  
Chair of Building Construction and Material Science, Department of Architecture, Technical University of 
Munich, Munich 80333, Bayern, Germany 
Tel (DE): 49 151 4358 5282 
Tel (CN): 86 135 1276 7351 
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SHORT ABSTRACT:  25 
Here, we present a protocol to measure the moisture absorption and desorption rate of bamboo 26 
scrimber in an outdoor environment for a dynamic hot-humid climate wind tunnel test with 27 
complete meteorological conditions for 72 h. 28 
  29 
LONG ABSTRACT:  30 
The absorption and desorption rate Uab is an important indicator to evaluate the hygric 31 
performance of hygroscopic building materials. However, standard methods to obtain this value 32 
are normally carried out in a static indoor environment, which cannot represent a dynamic 33 
outdoor environment. This protocol presents a Hot-Humid Climate Wind Tunnel (HHCWT) 34 
method to examine the hygric behavior of bamboo scrimber (BFB) in outdoor conditions, with 35 
the hourly solar radiation, air temperature, relative humidity, and constant wind speed of a 36 
typical summer day in the south of China. The complete meteorological parameters were 37 
repeated for 72 h, of which the last 48 h were selected for analysis. By comparison with the 38 
hardwood specimen (HW) in this test, BFB showed a more stable hygric performance. The BFB to 39 
HW ratio of the Uab mean value and maximum value were, respectively, 64.35% and 66.02%. The 40 
maximum absorption rate Ua.max and desorption rate Ud.max from the dynamic test were 41 
correspondingly 2.91E-05 kg/(m2/s) and 4.45E-05 kg/(m2/s), far larger than the results of 7.74E-07 - 42 
12.58E-07 kg/(m2/s) from the static test. The significant difference in magnitude shows the 43 
necessity of a dynamic evaluation approach that can take more practical climate conditions into 44 
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consideration. The HHCWT enables the reproducibility and standardization of climate-related 45 
experiments for building materials by creating climate conditions with complete meteorological 46 
parameters. 47 
 48 
INTRODUCTION: 49 
Bamboo scrimber is considered to be an ideal product to achieve a high value-added utilization 50 
of the widely distributed bamboo forest resources, by decomposing raw bamboo and 51 
recombining it into bamboo panels that could be applied as outdoor flooring or a building facade. 52 
There already are studies on the hygrothermal properties of bamboo scrimber with static 53 
standard methods carried out in indoor environments1,2. However, the performance in more 54 
practical outdoor conditions needs further investigation. The hygric properties of bamboo 55 
scrimber obtained in our prior study are shown in Table 1. 56 
 57 
The moisture absorption and desorption rate Uad are an important indicator characterizing the 58 
hygric transport performance, and also closely affect the thermal performance of certain building 59 
materials, especially for those hygroscopic materials such as bamboo and timber. Normally, the 60 
Uad value is measured by static standard methods in a laboratory environment, with constant 61 
ambient air temperature T and relative humidity RH (e.g., T = 23 °C, RH = 50%)3. However, the 62 
constant indoor testing conditions are very different from the practical application in an outdoor 63 
environment, where the meteorological conditions are more complex. The effect of solar 64 
radiation on the heat and moisture transfer cannot be ignored4,5. Other studies have investigated 65 
the dynamic performance by establishing dynamic models and transfer functions6,7 and show 66 
different characteristics compared to the static standard tests8. 67 
 68 
To test the material objects in real outdoor climate conditions is a more persuasive method to 69 
evaluate the targeted performance. However, outdoor climate conditions do not reappear, 70 
making the experiments difficult to standardize, let alone when done by different operators at 71 
different periods. For solving the above challenges, we studied reproducible meteorological 72 
conditions and developed them with a climate wind tunnel. A wind tunnel is a comprehensive 73 
concept to create different simulated conditions (e.g., wind resistance testing, evaporative 74 
cooling, or a microclimate on building envelope) to examine certain performances of the research 75 
objects9,10,11,12. 76 
 77 
For this study, the HHCWT was created with a motivation to reproduce the outdoor climate 78 
conditions for examining the hygrothermal performance of building materials and building 79 
components closer to the practical application conditions13,14. The HHCWT consists of 18 80 
elements: a protection room (Figure 1.1) with an air conditioner, a heater, a humidifier, a 81 
dehumidifier (Figures 1.12 - 1.15), a wind tunnel (Figure 1.2) with an entrance region, a stilling 82 
region, a test region, an auxiliary region, a diffusion region and a fan region in the order (Figure 83 
1.5 - 1.10), a solar radiation chamber (Figure 1.11) overhead and an air conditioning chamber 84 
(Figure 1.16) below, the specimen slot (Figure 1.4) with a balance (Figure 1.17) on the boundary 85 
of the wind tunnel and the air conditioning chamber (Figure 1.3), and the operating condition 86 
control and data collection system (Figure 1.18) outside the protection room. An operating 87 
condition control and data collection system were set outside the protection room for the input 88 



  

 
 

and output control of the whole system. The climatic wind tunnel enabled the complete control 89 
of climate conditions, therefore realizing the repeatability and standardization of the climate-90 
related experiment (Figure 1). 91 
 92 
In this study, a dynamic absorption and desorption pair-test was carried out for bamboo scrimber 93 
and hardwood specimens. The HHCWT was used to create complete climate conditions, including 94 
the solar radiation, air temperature, relative humidity, and wind speed of a TMD (Typical 95 
Meteorological Day) of Guangzhou, a typical subtropical city located in the south of China. The 96 
obtained values were compared with the results from the static standard method to show the 97 
progress of this experimental method. 98 
 99 
Since factors such as bulk density, open porosity, and surface treatment had an impact on the 100 
hygric properties of the products15,16, typical samples were selected from the company that 101 
owned the core patent (Table 2). 102 
 103 
PROTOCOL:  104 
 105 
1. Specimens Treatment 106 
 107 
1.1. Specimens preparation 108 
 109 
1.1.1. Select the material: for the bamboo (BFB), a bamboo scrimber panel made of Moso 110 
(Phyllostachys Pubescens); for the timber (HW), a hardwood panel made of Intsia spp. 111 
(Caesalpiniaceae).  112 
 113 
1.1.2. Ask the bamboo and wood factories to cut the specimens to a size of 30 x 30 cm (side 114 
length), while keeping the original thickness of 28 mm.  115 
 116 
Note: The normal size of the bamboo panels used is 122 x 244 cm (width x length), and the 117 
thickness is 28 mm or 18 mm. The samples can best be cut at the factories because they have the 118 
suitable cutting machines. Chose the thickness of 28 mm instead of 18 mm, because the thicker 119 
sample generally ensures more stable results.  120 
 121 
1.1.3. Prepare the specimens in duplicate. 122 
 123 
1.2. Vacuum saturation  124 
 125 
1.2.1. Arrange the equipment as follows: 1 vacuum chamber and pump (a sliding vane rotary 126 
vacuum pump, extreme pressure 600 Pa, speed 8 L/s); 1 independent and movable water sink of 127 
35 x 35 x 20 cm (length x width x height); and 20 stainless-steel nut supports of equal size. 128 
 129 
1.2.2. Plain lay the stainless-steel nut supports on the bottom of the water sink, and side stand 130 
the specimens on the supports. 131 
 132 



  

 
 

1.2.3. Suppress it with a stainless-steel grid on the top.  133 
 134 
Note: The weight of the grid should be enough to ensure that the specimens can be kept 135 
immersed in the water when the water is later injected into the water sink. 136 
 137 
1.2.4. Move the specimens with the water sink into the vacuum chamber, then close the chamber 138 
and make sure that the water inlet valve has already been closed.  139 
 140 
Note: The chamber is part of the vacuum pump, and the size of the chamber is 40 x 40 x 40 cm 141 
(length x width x height). If another type of machine is used, it can be a different size, as long as 142 
it is large enough to hold the water sink.  143 
 144 
1.2.5. Connect the power plug of the vacuum pump to the 380 V electric source.  145 
 146 
Note: The voltage of the power supply is decided by the requirement of the vacuum pump. We 147 
needed 380 V for the device we used, but it may also be 220 V or other values depending on the 148 
devices used. 149 
 150 
1.2.6. Press the start switch to start the vacuum pump. Lower down the air pressure in the 151 
chamber to 20 mbar. Keep the vacuum pump running to hold the air pressure inside the chamber 152 
≤ 20 mbar for 6 h.  153 
 154 
Note: The purpose of this step is to make sure that the air inside the internal pores of the 155 
specimens is exhausted, so that water can fill in the pores in the following steps. Different 156 
materials might require different time lengths due to a difference in the transport resistance of 157 
the materials.  158 
 159 
1.2.7. Keep the air pressure in the vacuum chamber ≤ 20 mbar, as mentioned above. Turn on the 160 
water inlet valve to slowly inject distilled water into the sink.  161 
 162 
1.2.8. Keep the water level rise rate to be about 5 cm/h. Stop injecting water when the water 163 
level reaches about 5 cm over the top surface of the specimens, then turn off the vacuum pump. 164 
 165 
1.2.9. Keep the specimens immersed in water for 3 days, until an initial moisture content of 166 
capillary saturation is reached. 167 
 168 
1.2.10. One by one, take specimens out of the water and wipe off the attached water from the 169 
surface with a soft damp cloth.  170 
 171 
Note: Due to the water surface tension, some water attached to the surface of the specimens 172 
will follow up when the specimens are taken out of the water. 173 
 174 
1.3. Bottom and side sealing 175 
 176 



  

 
 

1.3.1. Air-dry the specimens in an indoor environment (ca. T = 23 °C, RH = 50%) for 1 h, until the 177 
surface is dry.  178 
 179 
Note: Make sure that the specimens are not covered by anything that might stop the surface 180 
from drying. 181 
 182 
1.3.2. Seal the bottom and side surfaces with 1 - 2 mm petroleum jelly.  183 
 184 
2. Wind Tunnel Operation 185 
 186 
2.1. Equipment arrangement 187 
 188 
2.1.1. Check the system components, as shown in Figure 1 and Table 3. 189 
 190 
2.1.2. Reset the computer time of the operating condition control and data collection system 191 
according to the climate data.  192 
 193 
Note: In this step, each computer has different requirements. Click on the time in the lower right 194 
corner and input the condition time. It might be different at another computer system. In the 195 
following introduction, all the mentioned time is condition time that is synchronized with the 196 
climate data. The preheating of the wind tunnel is set to be at 4:00, the specimens’ installation 197 
at 5:00, and the data recording starts at 6:00. The 24 h single-days are required to be repeated 198 
continuously at least 3x. 199 
 200 
2.2. Wind tunnel preheating (at 4:00) 201 
 202 
2.2.1. Start the wind tunnel system for preheating. Run it with the climate parameters as shown 203 
in Table 2.  204 
 205 
Note: The TMD in this study is from Guangzhou and can be changed to other cities according to 206 
the experimental purposes (Table 4).  207 
 208 
2.2.2. Observe the received data from the wind tunnel and ensure the hourly deviations of the 209 
real climate conditions in the test region are within the scope of the error requirements: the air 210 
temperature ≤ 0.3 °C, the relative humidity ≤ 5%, the solar radiation ≤ 5%, and the wind speed ≤ 211 
5%. Extend the preheating time, if necessary.  212 
 213 
Note: The scope of the error requirements is confined to the accuracy of the sub-systems of the 214 
HHCWT. A smaller or larger range might be also acceptable if the equipment is different.  215 
 216 
2.2.3. Keep the air temperature in the air conditioning chamber at 26 °C ± 1 °C, and the wind 217 
speed ≤ 0.5m/s. 218 
 219 
2.3. Specimens installation (at 5:00) 220 



  

 
 

 221 
2.3.1. Place the specimens into the test tanks and seal the gap between the edges of the 222 
specimens and the tanks with petroleum jelly. 223 
 224 
2.3.2. Place the specimens in the test region in the test tanks of the wind tunnel and connect the 225 
bottom of the tanks to the balance below with prefabricated steel frames.  226 
 227 
Note: The function of the steel frames here is to transfer the gravity of the specimens to the 228 
balances below. All specimens are tested together but the mass change rate for each specimen 229 
is recorded individually by each balance below. 230 
 231 
2.3.3. Adjust the height of the balance to keep the top surface of the specimens’ flush with the 232 
inner surface of the wind tunnel.  233 
 234 
Note: In this operation, make sure that the test tanks do not come into contact with each other 235 
to avoid mass measurement errors.  236 
 237 
2.4. Data recording (at 6:00) 238 
 239 
2.4.1. Reset the balances to start the mass record at 0.  240 
 241 
Note: Press the Clear of the balances to reset them to 0. 242 
 243 
2.4.2. Use the computer (the operating condition control and data collection system) to record 244 
the data.  245 
 246 
Note: During the data recording, pay attention to the data receiving ports for instantaneous mass 247 
values and climate conditions, and also to the alarm (which only happens when the real hourly 248 
deviations of the climate conditions run beyond the error tolerance).  249 
 250 
2.4.3. Repeat the 24-h climate control for 3x, and continuously record for 72 h. 251 
 252 
3. Post-operation 253 
 254 
3.1. Dry the specimens 255 
 256 
3.1.1. Arrange the following equipment: a drying oven (a digital stainless steel electric blast oven 257 
with an accuracy of ± 1 °C) and a balance (with an accuracy of 0.01 g). Keep the drying 258 
temperature of the oven at 70 °C. 259 
 260 
3.1.2. Place the wet specimens in the drying oven and weigh 1 week later. 261 
 262 
3.1.3. Continue to weigh the specimens each 24 h and measure the convergence until the 263 
difference between the two consecutive weighing results does not exceed 1%. Record the final 264 



  

 
 

weighing result. 265 
 266 
4. Data Processing 267 
 268 
4.1. The values of the mass 269 
 270 
4.1.1. Average all the instantaneous mass values within each h as the mass of time i (mi). 271 

m𝑖 =
1

𝑛
∑𝑚𝑖−1,𝑗

𝑛

𝑗=1

 272 

Where: 273 
mi is the specimens’ mass of time i in kg; 274 
i–1,j is the jth measured value within 1 h after time i–1 in kg; 275 
n is the number of measured value within 1 h (e.g., n = 60 when the recording interval is 1 min). 276 
 277 
4.1.2. Consider the final value in step 3.1.3 as the dry mass of the specimens md. 278 
  279 
4.2. Calculate the absorption and desorption rate Uad value. 280 

𝑈𝑎𝑑,𝑖 =
𝑚𝑖 −𝑚𝑖−1

𝐴
 281 

Where: 282 
Uad,i is the absorption and desorption rate of time i (when the Uad,i > 0, it means absorption rate; 283 
when the Uad,i < 0, it means desorption rate) in kg/(m2/s); 284 
mi, mi–1 is the mass value of time i and the value at the previous time i–1 in kg; 285 
A is the measurement area of the specimens in m2. 286 
 287 
REPRESENTATIVE RESULTS:  288 
 289 
The recorded data of the last 48 h from the whole 72 h were selected and analyzed (Figure 2, 290 
Table 5). 291 
 292 
The dynamic test in the wind tunnel was performed and the results showed that the bamboo 293 
scrimber (BFB) had a lower Uad value than the reference hardwood (HW). Compared to HW, BFB 294 
showed a more stable hygric performance. The Uab mean value Uab.mean of BFB and HW were 295 
4.45E-05 kg/(m2/s) and 6.74E-05 kg/(m2/s), respectively and the max value Uab.max were 1.49E-05 296 
kg/(m2/s) and 2.32E-05 kg/(m2/s) respectively, of which the BFB to HW ratios were, respectively, 297 
64.35% and 66.02%. The hourly Uad values of BFB were up to 33.69E-06 kg/(m2/s) lower than that 298 
of the HW specimen, except in certain areas where the moisture process was in the absorption-299 
desorption transition stage. 300 
 301 
The maximum absorption rate Ua and desorption rate Ud of the dynamic test results of BFB were, 302 
correspondingly, 2.91E-05 kg/(m2/s) and 4.45E-05 kg/(m2/s), far larger than the results of 7.74E-07 303 
- 12.58E-07 kg/(m2/s) from the static test. The significant magnitude difference indicated that the 304 
indoor test results were far from being sufficient to describe the hygric performance in outdoor 305 



  

 
 

conditions. Therefore, the evaluation approach with more practical climate conditions was 306 
necessary. Due to the changing climate conditions of solar radiation, temperature, relative 307 
humidity, and wind, the wind tunnel test showed much more mutative results that could describe 308 
the dynamic hygric behavior in practical conditions. 309 
 310 
FIGURE AND TABLE LEGENDS: 311 
  312 
Figure 1. Equipment and control system of the Hot-Humid Climatic Wind Tunnel (HHCWT). The 313 
figure marks out the setup of the HHCWT. The HHCWT consists of 18 elements that are used to 314 
create climate conditions of solar radiation, air temperature, relative humidity, and wind. The 315 
balance and the operating condition control and data collection system work together to receive 316 
the mass change rate of the specimens within the wind tunnel. 317 
 318 
Figure 2. Absorption rate Ua and desorption rate Ud of bamboo scrimber and hardwood 319 
specimens. The figure shows the actual climate conditions within the wind tunnel, including the 320 
solar radiation, air temperature, relative humidity, and wind speed, and the absorption rate Ua 321 
and desorption rate Ud test results of the bamboo scrimber and hardwood specimens. The Uab 322 
mean value Uab.mean of BFB and HW are 4.45E-05 kg/(m2/s) and 6.74E-05 kg/(m2/s) respectively, and 323 
the max value Uab.max are 1.49E-05 kg/(m2/s) and 2.32E-05 kg/(m2/s) respectively, of which the BFB 324 
to HW ratios were, respectively, 64.35% and 66.02%. The hourly Uad values of the BFB were up 325 
to 33.69E-06 kg/(m2/s), lower than that of the HW specimen, except in certain areas where the 326 
moisture process was in the absorption-desorption transition stage. The maximum absorption 327 
rate Ua and desorption rate Ud dynamic test results of BFB were, correspondingly, 2.91E-05 328 
kg/(m2/s) and 4.45E-05 kg/(m2/s). 329 
 330 
Figure 3. Photo of the bamboo scrimber sample. The figure shows the cross-section and frontal 331 
photographs of the bamboo scrimber sample. 332 
 333 
Figure 4. The manufacturing process of the bamboo scrimber sample. The figure shows a 334 
schematic diagram of the manufacturing process of the bamboo scrimber, including rolling, 335 
decomposing to a bamboo fiber bundle unit, and recombining to a bamboo scrimber board. 336 
 337 
Table 1. Bamboo scrimber hygric properties static test results. The table shows the information 338 
of the bamboo scrimber hygric properties static test results, including the drying rate done in a 339 
static environment (T = 23 °C, RH = 50%), showing that the drying rate of bamboo scrimber was 340 
between 7.74E-07 - 12.58E-07 kg/(m2/s). 341 
 342 
Table 2. Information on the bamboo scrimber sample. The table shows the information on the 343 
bamboo scrimber sample, including the constituent unit, assembly method, thickness, main 344 
application, and the sample sources. 345 
 346 
Table 3. Equipment and control system of the Hot-Humid Climatic Wind Tunnel (HHCWT). The 347 
table shows the equipment and control system of the HHCWT, including the sub-systems for the 348 
control of the solar radiation, air temperature, relative humidity, and wind within the wind tunnel. 349 



  

 
 

 350 
Table 4. Standard condition: Climate data of Guangzhou summer typical meteorological day. 351 
The table shows the information of the climate conditions, including the solar radiation, air 352 
temperature, relative humidity, and wind speed of a TMD (Typical Meteorological Day) of 353 
Guangzhou, a typical subtropical city located in the south of China. 354 
 355 
Table 5. Mass records and the calculated absorption and desorption rate Uad value. The table 356 
shows the information on the absorption rate Ua and desorption rate Ud test results of the 357 
bamboo scrimber and hardwood specimens. The Uab mean value Uab.mean of BFB and HW were 358 
4.45E-05 kg/(m2/s) and 6.74E-05 kg/(m2/s) respectively, and the max value Uab.max were 1.49E-05 359 
kg/(m2/s) and 2.32E-05 kg/(m2/s) respectively. 360 
  361 
DISCUSSION:  362 
The protocol presented a Hot-Humid Climatic Wind Tunnel (HHCWT) test method to measure the 363 
moisture absorption and desorption rate of bamboo scrimber. The critical steps included the 364 
specimen’s treatment, which in turn included the specimen’s preparation, vacuum saturation, 365 
and bottom and side sealing; the wind tunnel operation, which in turn included the equipment 366 
arrangement, wind tunnel preheating, specimens installation, and data recording; the post-367 
operation including drying the specimen; the data processing, which in turn included calculating 368 
the values of the hourly mass and the absorption and desorption rate Uad value. 369 
 370 
The problem of a climate-related experiment, especially in an outdoor environment, was that the 371 
climate conditions could not be reproduced, let alone that experiments done by different 372 
operators at different periods could be standardized. However, the HHCWT test method enables 373 
the complete control of climate conditions. With a TMD (Typical Meteorological Day) as the 374 
climate conditions, the HHCWT test method could help to realize the repeatability and 375 
standardization of outdoor experiments13,14. 376 
 377 
Unlike disciplines such as chemistry, where the material samples, testing equipment, and 378 
operation processes are strictly standardized, the HHCWT is a combined system that consists of 379 
several different sub-systems, which is much more complicated. On the other hand, building 380 
materials are generally much more inhomogeneous and their properties are normally evaluated 381 
on more macroscopic perspectives. Therefore, the test method by wind tunnel shown in this 382 
protocol is, in a certain sense, a demonstration rather than a strict regulation.  383 
 384 
The detailed information for each step in this experiment is presented in the protocol, but that 385 
does not mean that everything must be followed strictly. There is flexible space to adjust. For 386 
example, the sub-systems like the heating fans, air conditioners, humidifiers, and dehumidifiers, 387 
etc., could be changed to other types. Secondly, the goal of the vacuum saturation treatment in 388 
step 1 is to reach an original state of moisture content for the specimens. When this is achieved, 389 
it is acceptable to change the vacuum pump and the chamber. Thirdly, different materials have 390 
a varying time length requirement to exhaust the inner air and reach the state of vacuum 391 
saturation. The bamboo scrimber in this study required a long time due to the high moisture 392 
transport resistance, but other materials will require a different time length. 393 



  

 
 

 394 
The method has potential to be applied to climate-related experiments and as the verification of 395 
simulation results by a computer program. 396 
 397 
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Dry bulk density ρ [kg/m
3
] 1108.77

Open porosity Φ [-] 17.36%

Uu12%-u11% 12.58

Uu11%-u10% 11.46

Uu10%-u9% 10.38

Uu9%-u8% 9.71

Uu8%-7% 8.98

Uu7%-u6% 7.74

Capillary saturation moisture content 

wcap

[kg/m³] 165.93 

Table.1  Bamboo scrimber hygric properties static test results

Basic 

properties

Hygric 

properties

Drying rate (T =23℃, RH=50%)

Unit

[E-07kg/(m²·s)]

Items BFB -Bamboo scrimber
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BFB (Bamboo scrimber)
Constituent 

unit
Assembly Thickness

Main 

application

Bamboo bundle Parallel 28.0 mm Outdoor flooring

Table.2 Information of the bamboo scrimber sample

Manufacturing process of the bamboo scrimber sample (fig.4)

Photo of the bamboo 

scrimber sample (fig.3)
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Table.3 Equipment and control system of the HHCWT: Hot-Humid Climatic Wind Tunnel

HHCWT: Hot-Humid Climatic Wind Tunnel, including control systems for:

Air temperature: 2 air conditioner (KFRd-60LW/VA-ZXF, 6kW, and KFR-72LW/08FZBPC-a, 7.2kW) and 2 electric 

heating fans (1.5kW and 5kW), range 20-40°C, accuracy 0.3°C;

Relative humidity: 2 electrode humidifiers (BFD-01-04, 0.4kg/h) and 1 dehumidifier (DH-890C, 90L/d), range 40-90%, 

accuracy 3%;

Solar radiation: 8 infrared lights (305-3000nm), range 0-1030W/m
2
, accuracy 10W/m

2
;

Wind: axial fan, range 0-5m/s, accuracy 0.2m/s.

The HHCWT (Hot-Humid Climatic Wind Tunnel) was developed by the Building Energy Conservation Research Center of 

South China University of Technology. The HHCWT consists of 18 elements: protection room with air conditioner, heater, 

humidifier, dehumidifier, wind tunnel with entrance region, stilling region, test region, auxiliary region, diffusion region and 

fan region in order, a solar radiation chamber overhead and an air conditioning chamber below, the specimen slot with 

balance on the boundary of the wind tunnel and the air conditioning chamber, and the operating condition control and data 

collection system outside the protection room.
The mass record was done by electronic balance (range 0-4kg, accuracy 0.01g; time step: 10s), together with the operating 

condition control and data collection system. The mass information from the electronic balance was transmitted to the 

computer through the USB data acquisition & control card. And the signal was received and converted by a software 

attached to the HHCWT system.
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Air 

temperatur

e 

Relative 

humidity 

Solar 

radiation 

Wind 

speed 

[°C] [%] [W/m
2
] [m/s]

0:00:00 27.3 88 0 0.6

1:00:00 27.1 89 0 0.6

2:00:00 26.8 90 0 0.6

3:00:00 26.5 91 0 0.6

4:00:00 26.3 92 0 0.6

5:00:00 26.3 92 0 0.6

6:00:00 26.5 91 0 0.6

7:00:00 27 89 77 0.6

8:00:00 27.7 85 190 0.6

9:00:00 28.7 80 322 0.6

10:00:00 29.6 76 428 0.6

11:00:00 30.3 72 508 0.6

12:00:00 30.9 70 539 0.6

13:00:00 31.2 68 501 0.6

14:00:00 31.4 67 458 0.6

15:00:00 31.5 67 389 0.6

16:00:00 31.4 67 291 0.6

17:00:00 31.1 69 194 0.6

18:00:00 30.4 72 78 0.6

19:00:00 29.6 76 0 0.6

20:00:00 28.8 80 0 0.6

21:00:00 28.1 83 0 0.6

22:00:00 27.7 85 0 0.6

23:00:00 27.5 87 0 0.6

mean value: 

28.7°C

mean value: 

80.3%

sunrise: 

06:00

amplitude: 

2.6°C

amplitude: 

12.5%
sunset: 18:00

max. time: 

15:00

max. time: 

05:00

max. value: 

539.0W/m
2

Table.4 Standard condition: Climate data of Guangzhou 

summer typical meteorological day

Hour

TMD (24hr 

repeated)

constant as 

0.6m/s

Note: the TMD (Typical Meteorological Day) in this study was from 

Guangzhou, and could be changed to other cities according to the 

experimental purposes
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BFB HW BFB HW BFB

9/5/2016 6:00:00 0 0 0

9/5/2016 7:00:00 1 -12.92 -19.66 -157.14 -242.67 -4.37E-05

9/5/2016 8:00:00 2 -13.16 -17.49 -160.12 -215.96 -4.45E-05

9/5/2016 9:00:00 3 -10.32 -12.83 -125.51 -158.38 -3.49E-05

9/5/2016 10:00:00 4 -8.05 -9.77 -97.94 -120.58 -2.72E-05

9/5/2016 11:00:00 5 -4.45 -5.74 -54.17 -70.89 -1.50E-05

9/5/2016 12:00:00 6 -1 -0.22 -12.12 -2.76 -3.37E-06

9/5/2016 13:00:00 7 -4.63 -0.57 -56.27 -7.04 -1.56E-05

9/5/2016 14:00:00 8 -3.97 2.02 -48.3 24.88 -1.34E-05

9/5/2016 15:00:00 9 -3.61 5.07 -43.95 62.59 -1.22E-05

9/5/2016 16:00:00 10 -0.79 8.01 -9.61 98.85 -2.67E-06

9/5/2016 17:00:00 11 1.96 10.66 23.83 131.58 6.62E-06

9/5/2016 18:00:00 12 8.61 14.11 104.75 174.24 2.91E-05

9/5/2016 19:00:00 13 7.52 12.73 91.42 157.11 2.54E-05

9/5/2016 20:00:00 14 3.17 5.64 38.55 69.64 1.07E-05

9/5/2016 21:00:00 15 2.23 3.25 27.14 40.08 7.54E-06

9/5/2016 22:00:00 16 2.15 1.9 26.16 23.44 7.27E-06

9/6/2016 23:00:00 17 3.37 3.81 41.02 47.07 1.14E-05

9/6/2016 0:00:00 18 4.73 3.14 57.5 38.7 1.60E-05

9/6/2016 1:00:00 19 3.24 2.28 39.36 28.14 1.09E-05

9/6/2016 2:00:00 20 2.54 -0.08 30.84 -0.95 8.57E-06

9/6/2016 3:00:00 21 0.59 -0.38 7.23 -4.64 2.01E-06

9/6/2016 4:00:00 22 0.85 -3.52 10.36 -43.46 2.88E-06

9/6/2016 5:00:00 23 -1.29 -7.22 -15.65 -89.11 -4.35E-06

9/6/2016 6:00:00 24 -11.08 -17.01 -134.84 -209.95 -3.75E-05

9/6/2016 7:00:00 25 -8.32 -14.74 -101.25 -181.96 -2.81E-05

9/6/2016 8:00:00 26 -9.24 -11.89 -112.44 -146.77 -3.12E-05

9/6/2016 9:00:00 27 -6.48 -11.87 -78.86 -146.57 -2.19E-05

9/6/2016 10:00:00 28 -5.44 -8.81 -66.17 -108.74 -1.84E-05

9/6/2016 11:00:00 29 1.89 0.77 23.01 9.5 6.39E-06

9/6/2016 12:00:00 30 3.39 3.6 41.25 44.5 1.15E-05

9/6/2016 13:00:00 31 -2.26 0.07 -27.52 0.89 -7.64E-06

9/6/2016 14:00:00 32 -1.01 4.51 -12.33 55.69 -3.43E-06

9/6/2016 15:00:00 33 -6.09 1.02 -74.06 12.53 -2.06E-05

9/6/2016 16:00:00 34 0.87 10.68 10.64 131.91 2.96E-06

9/6/2016 17:00:00 35 5.93 14.65 72.11 180.81 2.00E-05

9/6/2016 18:00:00 36 3.83 9.48 46.63 117.07 1.30E-05

9/6/2016 19:00:00 37 7.75 13.41 94.26 165.61 2.62E-05

9/6/2016 20:00:00 38 1.71 3.86 20.83 47.62 5.79E-06

9/6/2016 21:00:00 39 0.07 0.58 0.86 7.12 2.39E-07

9/6/2016 22:00:00 40 2.37 1.83 28.8 22.58 8.00E-06

9/7/2016 23:00:00 41 3.04 2.84 37.01 35 1.03E-05

9/7/2016 0:00:00 42 4.44 4.78 54.01 59.03 1.50E-05

9/7/2016 1:00:00 43 2.6 2.27 31.59 28.02 8.77E-06

9/7/2016 2:00:00 44 -0.89 -0.61 -10.8 -7.56 -3.00E-06

9/7/2016 3:00:00 45 -0.49 -1.46 -6.01 -18.08 -1.67E-06

9/7/2016 4:00:00 46 -1.92 -6.29 -23.37 -77.7 -6.49E-06

9/7/2016 5:00:00 47 -6.23 -12.16 -75.74 -150.09 -2.10E-05

9/7/2016 6:00:00 48 -9.59 -15.51 -116.65 -191.48 -3.24E-05

8.61 14.65 104.75 180.81 2.91E-05

Table.5 Mass records and the calculated absorption and desorption rate Uad value

Assumed 

date
Time

Cumulativ

e time [h]

Hourly mass change 

[g/h]

Hourly mass change 

rate
[kg/(m

2
·s)]

Max value

Hourly mass change 

rate
[g/(m

2
·h)]
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-13.16 -19.66 -160.12 -242.67 -4.45E-05

-1.13 -0.64 -13.78 -7.94 -3.83E-06

Min value

Mean value

Note: BFB- bamboo scrimber; HW- hardwood



HW BFB HW

-6.74E-05 4.37E-05 6.74E-05

-6.00E-05 4.45E-05 6.00E-05

-4.40E-05 3.49E-05 4.40E-05

-3.35E-05 2.72E-05 3.35E-05

-1.97E-05 1.50E-05 1.97E-05

-7.66E-07 3.37E-06 7.66E-07

-1.96E-06 1.56E-05 1.96E-06

6.91E-06 1.34E-05 6.91E-06

1.74E-05 1.22E-05 1.74E-05

2.75E-05 2.67E-06 2.75E-05

3.66E-05 6.62E-06 3.66E-05

4.84E-05 2.91E-05 4.84E-05

4.36E-05 2.54E-05 4.36E-05

1.93E-05 1.07E-05 1.93E-05

1.11E-05 7.54E-06 1.11E-05

6.51E-06 7.27E-06 6.51E-06

1.31E-05 1.14E-05 1.31E-05

1.08E-05 1.60E-05 1.08E-05

7.82E-06 1.09E-05 7.82E-06

-2.65E-07 8.57E-06 2.65E-07

-1.29E-06 2.01E-06 1.29E-06

-1.21E-05 2.88E-06 1.21E-05

-2.48E-05 4.35E-06 2.48E-05

-5.83E-05 3.75E-05 5.83E-05

-5.05E-05 2.81E-05 5.05E-05

-4.08E-05 3.12E-05 4.08E-05

-4.07E-05 2.19E-05 4.07E-05

-3.02E-05 1.84E-05 3.02E-05

2.64E-06 6.39E-06 2.64E-06

1.24E-05 1.15E-05 1.24E-05

2.48E-07 7.64E-06 2.48E-07

1.55E-05 3.43E-06 1.55E-05

3.48E-06 2.06E-05 3.48E-06

3.66E-05 2.96E-06 3.66E-05

5.02E-05 2.00E-05 5.02E-05

3.25E-05 1.30E-05 3.25E-05

4.60E-05 2.62E-05 4.60E-05

1.32E-05 5.79E-06 1.32E-05

1.98E-06 2.39E-07 1.98E-06

6.27E-06 8.00E-06 6.27E-06

9.72E-06 1.03E-05 9.72E-06

1.64E-05 1.50E-05 1.64E-05

7.78E-06 8.77E-06 7.78E-06

-2.10E-06 3.00E-06 2.10E-06

-5.02E-06 1.67E-06 5.02E-06

-2.16E-05 6.49E-06 2.16E-05

-4.17E-05 2.10E-05 4.17E-05

-5.32E-05 3.24E-05 5.32E-05

5.02E-05 4.45E-05 6.74E-05

Table.5 Mass records and the calculated absorption and desorption rate Uad value
Hourly mass change 

rate
[kg/(m

2
·s)]

Hourly mass change 

rate
[kg/(m

2
·s)]



-6.74E-05 2.39E-07 2.48E-07

-2.21E-06 1.49E-05 2.32E-05

Note: BFB- bamboo scrimber; HW- hardwood



Name of Material/ 

Equipment
Company Catalog Number Comments/Description

bamboo scrimber sample
Dasso Industrial Group Co. 

Ltd. Hangzhou, China
-

made of Phyllostachys 

Pubescens, mainly used for 

outdoor flooring

Hardwood sample
Shan Shang industry, 

Shanghai, China
-

made of Intsia.spp, 

Caesalpiniaceae, mainly 

used for outdoor flooring

Petroleum jelly
Guangzhou Suixin Chemical 

Co., Ltd.
- White Vaseline

Balance Shimadzu UX 6200H
Range 0.5-6200 g, accuracy 

0.01g

Vacuum pump

Dongguan Fopump Vacuum 

Equipment Co., Ltd., 

Dongguan, China

2X-8

Sliding vane rotary vacuum 

pump, extreme pressure 

600Pa, speed 8L/s

HHCWT: Hot-Humid Climatic 

Wind Tunnel, including control 

systems for:

the Building Energy 

Conservation Research 

Center of South China 

University of Technology

-
The HHCWT consists of 18 

elements (table 3)

Software attached to the 

HHCWT operating 

condition control and data 

collection system

the Building Energy 

Conservation Research 

Center of South China 

University of Technology

-

Created by visual 

programming language 

Visual Basic
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