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Abstract. This paper presents a field (full-scale) study comparing the thermal performance of a 

ventilated rainscreen façade (VRF) and a traditional plastered (“wet”) façade on the eastern façade of a 

nine-story reinforced concrete frame residential building in Southern Kazakhstan during a hot summer 

period. Sensor-equipped sections of the multilayer wall structure from the 1
st
 to the 9

th
 floors were 

monitored simultaneously using DS18B20 multichannel contact temperature sensors, an unmanned 

thermal imaging system (DJI Mavic 3 Thermal), and a handheld thermal imager (Testo 875), 

providing double, independent validation of surface temperature data. Measurements were taken at 

9:00, 12:00, 15:00, and 18:00 on a typical hot day. Although the temperature of the VRF exterior 

cladding during peak insolation hours exceeded the temperature of the wet façade by up to 2.2°C 

(reaching 60.1°C on the ninth floor at midday), the temperature of the VRF internal surface was 

consistently lower than the temperature of the wet façade internal surface on virtually all floors and at 

all times, the decrease reached 1.55°C, and averaged 1.0-1.3°C during the hottest hours. This apparent 

paradox, a hotter exterior cladding with a cooler internal surface, is explained by convective 

decoupling, which is provided by the ventilated air gap: it removes solar-heated air before it has a 

chance to transfer heat to the load-bearing wall via conduction. Based on the measured temperature 

difference of the internal surface and its standard heat transfer coefficient, it was shown that the 

conductive-convective component of the air-conditioning load for rooms behind the VRF is reduced 

by approximately 7-10% compared to a wet façade during typical hot daytime hours. These results, 

which relate to the relatively little-studied hot arid/continental climate of Central Asia, expand the 

evidence base, formed primarily from Mediterranean and Western European studies, and create a 

natural experimental basis for further thermal and aerodynamic modeling of the ventilated air gap. 
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________________________________________________________________________________ 

1. INTRODUCTION 

Buildings account for approximately 30% of global final power delivery [1], with the share related 

to air conditioning being the fastest growing component of this demand: according to the International 

Energy Agency, it will grow by almost 4% per year until 2035 as incomes, population size and 

average temperatures increase [2, 3]. Since opaque (blind) walls typically comprise the largest area of 

a building’s walling, their ability to attenuate solar and external heat gains before they reach the 

interior is a key lever for reducing the operational load on air conditioning, especially in hot arid and 

hot continental climates, where wall surface temperatures under direct solar irradiation can exceed 55-

60 °C [2, 3]. Ventilated rainscreen façades (VRF) are structures in which the external cladding is 

separated from the load-bearing wall and frost protection by an open, naturally ventilated air gap, are 

widely promoted as a passive means of reducing this heat flow, and their use in renovation and new 

construction has been steadily increasing over the past two decades [4, 5]. 

The physical mechanism by which a VRF should outperform a directly plastered (“wet”) façade is 

the convective removal of solar-heated air from the interlayer by gravitational convection and wind, 

which “decouples” the inward-facing wall from the peak equivalent (sol-air) temperature acquired by 

the cladding under direct solar irradiation [4, 6]. Early analytical and CFD studies quantitatively 

substantiated this mechanism: Balocco [6] proposed one of the first simplified steady-state heat 

balance models for a ventilated facade; Ciampi, Leccese and Tuoni [7] showed, using a mathematical 

model of a number of opaque VRF configurations, that the reduction in summer cooling load depends 

significantly on the interlayer thickness, the position of the insulation and the absorptivity of the 

cladding; using a double-layer façade as an example, Gratia and De Herde [8] demonstrated that 

natural ventilation strategies significantly reduced cooling energy delivery compared to a sealed 

interlayer. However, these seminal studies relied primarily on numerical or laboratory models of 

reduced scale rather than on in-kind monitoring of multi-story buildings under real operating 

conditions, leaving open the question of how the predicted interlayer behavior manifests itself in real 

buildings under actual wind, solar, and operating conditions. 

Subsequent experimental campaigns have partially closed this gap for specific climate conditions. 

Sanjuan et al. [9] compared a ventilated façade with open joints and a traditional façade with a sealed 

interlayer and recorded summer energy savings of about 26% under high insolation; Marinosci et al. 

[10] performed an empirical validation of a naturally ventilated screen façade on a full-scale building; 

Stazi et al. [11] evaluated ventilated walls with clay cladding; Labat et al. [12] and Tong and Li [15] 

investigated open joint cladding and sloped ventilated roofs under direct solar irradiation, respectively. 

Gagliano et al. [13] extended these findings to ventilated roofs. Taken together, these studies confirm 

the cooling benefits of ventilation in Mediterranean and temperate Atlantic climates, but virtually none 

of them provide the temperature of the interior (room-facing) surface at several elevations of an 

operational multi-story building, measured simultaneously with the temperature of an adjacent non-

ventilated reference area of the same façade; it is precisely this comparison that is the focus of this 

study. 

More recent works have begun to cover colder and mixed climate zones and more complex VRF 

configurations. Yu, Yang, and Xiong [14] studied the dynamic thermal performance of ventilated 

hollow-core walls; Zhao et al. [16] numerically investigated an VRF equipped with a heat recovery 

unit and a latent heat accumulator; Gagliano and Aneli [17] analyzed the performance of an opaque 

VRF in both winter and summer conditions; Karanafti, Theodosiou, and Tsikaloudaki [18] provided a 

review of dynamic thermal insulation technologies, which was later developed by Karanafti and 

Theodosiou [20] for VRF operating on the dynamic thermal insulation principle; Lin, Song, and Chu 



Строительные материалы и изделия/Construction Materials and Products. 2026. 9 (5) 

  
 

3 

[19] conducted full-scale summer/winter tests of an opaque VRF in a cold climate zone of China; 

Wang, Chen, and Zhou [29] modeled a ventilated double-layer façade for a hot-summer, cold-winter 

zone of China; and Domínguez-Torres et al. [21], Roig et al. [22], and De Masi et al. [23] have 

performed parametric optimization of VRF configurations (wall types, cladding, recycled insulation) 

for a Mediterranean climate in the past two years. Two comprehensive reviews, Ibañez-Puy et al. [4] 

and, more recently, Pizzatto et al. [5], systematize this body of work and both explicitly note that the 

geographic distribution of experimental VRF studies is heavily skewed toward Mediterranean Europe, 

continental China, and, to a lesser extent, the tropical/arid climates of the Persian Gulf countries, while 

the hot arid continental climates of Central Asia are largely absent from the evidence base reviewed. 

None of these reviews, nor any of the listed primary works, provide a comparison of the VRF and an 

unprocessed reference “wet” façade on the same building, with a floor-by-floor resolution, validated 

by two independent thermal imaging methods, it is precisely this methodological configuration that is 

adopted in this work. 

Since the ventilated interlayer is both a structural and aerodynamic element, a number of studies 

have focused on its mechanical behavior and airflow patterns, rather than solely on its thermal 

characteristics. Pankratov [24] proposed a nonlinear analytical model for temperature distribution in 

the ventilated interlayer; Di Nunzio et al. [25] investigated the in-plane behavior of lightweight façade 

systems under seismic loading, which is relevant for VRF assemblies in seismically active regions, 

including Southern Kazakhstan. These studies emphasize that the interlayer width, fastening geometry, 

and airflow path, parameters that vary from project to project and are rarely provided along with 

thermal results, significantly affect both the structural and thermal performance of the VRF, 

reinforcing the need to obtain in-kind data for a specific project rather than transferring generalized 

coefficients from other climatic conditions or geometries. 

From a diagnostic perspective, infrared thermography (IR thermography) has become a standard 

non-destructive method for assessing the condition of building envelopes, and the associated 

measurement and calculation uncertainty assessment procedures are codified in international standards 

such as ISO 6946 [30] and ISO 10211:2017 «Thermal Bridges in Building Construction – Heat Flows 

and Surface Temperatures – Detailed Calculations». However, most published in-situ VRF studies rely 

on only one measurement method (either embedded sensors or ground-based IR thermography), 

making surface temperature results vulnerable to local anomalies, emissivity errors, or sensor drift. 

This study addresses this issue by cross-validating multichannel contact sensor readings with two 

independent IR thermography methods, an unmanned aerial shooting (covering the entire nine-story 

façade) and a handheld thermal imager, at each measurement point and time. 

A parallel body of literature has focused on how façade material and cladding choices affect 

external thermal conditions and the urban heat island, rather than directly affecting the indoor 

environment: Tabatabaei and Fayaz [26] quantified the impact of façade cladding on mitigating the 

urban heat island effect and outdoor comfort in a hot semi-arid climate; Hong et al. [27] reviewed cool 

façade strategies for reducing the urban heat island; and Maciel and Carvalho [28] developed a 

methodology for estimating the operational energy savings of opaque VRFs in Brazilian multi-story 

residential buildings. These studies confirm that façade-level interventions have measurable, climate-

sensitive impacts on cooling demand, but, with the partial exception of the work of Maciel and 

Carvalho [28], they typically derive energy savings through building energy modeling rather than 

directly from measured internal surface temperature differences in the actual building, which is the 

approach used in Section 3.4 of this paper. General data from building physics on the optimization of 

wall thermal insulation and reduced heat transfer resistance [31], as well as the applicable national 

regulations SP RK 2.04-01-2017 «Construction Climatology» and SP RK 2.04-107-2013 «Thermal 

Performance of Buildings» form the normative-physical basis for the selection of the calculated 

internal temperature and measurement date used in the performance assessment in this work. 

This study draws directly on the research program conducted by the authors’ team on attached and 

adaptive façade systems in the climatic conditions of Southern Kazakhstan. Zhangabay et al. [32] 

reviewed the energy performance and operational loads of adaptive dynamic façades worldwide and 

concluded that the ventilated interlayer concept has been well studied analytically but has received 

little experimental support in hot continental climates; Rahiminejad and Khovalyg [33] experimentally 

characterised the hydrodynamic and thermal behaviour of the ventilated interlayer in attached façade 
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systems and showed that existing airflow models do not fully account for the combined effects of solar 

irradiation and vertical temperature gradients, which confirms the need for in-kind experimental 

studies. The most closely related to the present work is the accompanying full-scale study by 

Zhangabay et al. [34], which presents the diurnal and altitude dynamics of temperature fields on a 

building of the same height class (nine floors), as well as on an additional twenty-five-story building, 

under the influence of solar irradiation, and analyzes the thermal inertia and the influence of the 

interlayer geometry on heat transfer. This experimental line of work is methodologically consistent 

with the authors’ broader research on the structural behavior and material characteristics of building 

envelopes and related infrastructure, including finite-difference modeling of the quasistatic motion of 

shallow concrete shells [35], an investigation of the mechanical characteristics and physical-and-

chemical properties of slag-filled concretes using a metaheuristic predictive approach [36], and a 

review of the factors affecting extended avalanche destructions on long-distance gas pipelines [37], 

which together inform the materials- and structures-oriented perspective underlying the present study. 

This line of enquiry is consistent with recent work on the thermophysical behaviour of building 

materials and envelopes, in which the thermophysical characteristics of variatropic concretes and the 

resulting gain in heat-transfer resistance were quantified numerically [38], the heat and mass transfer 

accompanying the handling of concrete mixtures was described analytically [41], and cement 

composites intended specifically for dry and hot climates were designed and tested [40]; at the 

building scale, the same body of work addresses low-carbon life-cycle management of buildings [39] 

and the influence of the heat resistance of enclosing structures on the choice and placement of heating 

devices [42]. At the same time, in this study, the enclosing structure with the VRF was characterized 

in isolation: it did not directly compare the VRF with an adjacent, directly comparable reference 

section of the “wet” façade on the same façade of the same building, the ratio of the temperatures of 

the external and internal surfaces was not explicitly disclosed as a phenomenon of convective 

“decoupling”, and the measured temperature difference of the internal surface was not translated into 

an assessment of the consequences for energy delivery for cooling. Addressing this gap, comparing 

VRF and wet façade on the same building, with floor-by-floor resolution, validated by two IR 

thermography methods, combined with an approximate assessment of cooling efficiency, is the 

specific objective of this paper. 

Based on the above identified gaps, this work makes the following contributions: (i) a direct, floor-

by-floor (1st, 5th, and 9th floors) and hourly (9:00-18:00) comparison of the external and internal 

surface temperatures of the VRF and the adjacent wet façade on the same building façade rather than 

in separate test cells or in simulated cases; (ii) a triangulated validation of the temperature field by 

three independent methods (embedded DS18B20 sensors, unmanned and handheld thermal imaging); 

(iii) an explicit disclosure and quantification of the counterintuitive relationship in which the external 

VRF surface is warmer than the wet façade while the internal surface is colder, explaining this 

phenomenon by convective “decoupling” in the ventilated interlayer; (iv) a rough, measurement-based 

estimate of the resulting reduction in the conductive component of the cooling load, expressed as a 

percentage rather than just as a temperature difference; and (v) climate-specific data for the hot, 

arid/continental climate of Southern Kazakhstan, a region that is largely unrepresented in the existing 

VRF literature discussed above. The practical significance of the study lies in the fact that designers 

and regulators in Central Asia receive in-kind, rather than transferable from other climatic conditions, 

VRF performance indicators for decision-making during renovation and new construction, while the 

scientific novelty lies in the combination of triple validation of in-kind measurements with a 

transparent, reproducible method for converting the measured surface temperature gain into an 

operational cooling energy efficiency indicator. 

2. METHODS AND MATERIALS 

The study object was a multi-story (9-story) reinforced concrete frame residential building with a 

multi-layer wall structure. Each floor was 3 meters high. To ensure the reliability of the experimental 

data, the building was selected to exclude the influence of additional parameters, such as air 

conditioning or forced ventilation. The eastern façade of the building was examined (Fig. 1). 
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a 

 
b 

 

Fig. 1. Object of study: (a) front view; (b) side view. 

 

A rectangular structure 20 cm wide and 60 cm long with ceramic granite cladding was fabricated as 

a model of a ventilated rainscreen façade (VRF). To compare the effect of the VRF on interlayer 

temperature readings, the vertical structure was installed across the entire height of the building, 

spanning floors one through nine. This allowed to compare the internal surface temperatures of rooms 

in areas with the VRF model installed and in areas without a VRF (a traditional “wet” façade). The 

primary locations of the VRF and wet façade sections are shown in Fig. 2, and the design parameters 

are listed in Table 1. 

 

 
a  

b 

 
c  

d 

 

Fig. 2. Rectangular structure of the VRF model: (a) photo of the external part of the wall; (b) model 

diagram, external side; (c) photo of the internal part of the wall; (d) model diagram, internal side. 
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Table 1. Structural parameters of a multilayer walling. 

 
Layer No. 

(according to Figure 2b) 
Layer Name Thickness, cm 

Conduction, 

W/(m·°C) 

1 Plastering 1.0 ≈0.76 

2 Gas Concrete Assembly 20.0 ≈0.15 

3 Thermal Insulation 10.0 ≈0.036 

4 Ventilated Air Gap 10.0 – 

5 Ceramic Granite 1.0 ≈3.5 

 

Fig. 3 presents the climatic conditions of the study period. July 5
th
 was chosen as the measurement 

date, a day corresponding to the hottest month according to the Republic of Kazakhstan Code of 

Practice on Construction Climatology SP RK 2.04-01-2017 «Construction Climatology». Hourly air 

temperature values were taken from meteorological data for the measurement period, and solar 

irradiation values were measured directly on-site using a pyranometer with an RS-485 interface. 

 

 
a 
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b 

 

Fig. 3. Climatic conditions during the measurement campaign: (a) air temperature, relative humidity, 

wind speed and atmospheric pressure at 9:00, 12:00, 15:00 and 18:00; (b) solar irradiation intensity by 

hour and by floor. 

 

 

The temperatures of the external and internal surfaces of the multilayer external walling were 

measured using multichannel universal temperature sensors based on the DS18B20 chip with a 

measurement range of –55°C to +125°C. To ensure the reliability of the obtained interlayer 

temperature values, thermal imaging of the external and internal surfaces of the walling was 

additionally conducted using a DJI Mavic 3 Thermal quadcopter (thermal imaging resolution of 640 × 

512 pixels) for the external surface and a Testo 875 handheld thermal imager (resolution of 160 × 120 

pixels) for the internal surface. 

The experimental methodology was built on the principle of reliability through double independent 

validation of the measured values, achieved by parallel, simultaneous recording of the temperature 

field using two physically different methods – contact measurement (DS18B20) and non-contact 

infrared thermography (unmanned and manual) – at each measurement point and at each recording 

moment (9:00, 12:00, 15:00 and 18:00), which is schematically summarized in Fig. 4. In cases where 

the sensor readings and thermography data coincided within the total instrumental error (±0.5°C for 

DS18B20 sensors; ±2°C or ±2% of the reading for thermal imagers, according to the manufacturer’s 

specifications), the sensor value was taken as the main data array presented in Section 3, and the 

thermography data served as an independent cross-check. It is this double validation procedure that 

distinguishes the present measurement campaign from the field studies of VRF discussed in Section 

1.2, which used only one measurement method. 
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Fig. 4. Methodology of experimental research with parallel recording of temperature values on the 

surfaces of the walling. 

 

3. RESULTS AND DISCUSSION 

3.1. Validated Thermal Imaging of External and Internal Surfaces 

As noted above, the in-kind study of the VRF effectiveness in a hot climate was conducted with 

parallel validation of the measured values in accordance with Fig. 4. Table 2 presents thermograms 

obtained during the hour of peak solar irradiation on the vertical surface of the eastern façade (12:00), 

and Table 3 presents a summary analysis of thermograms taken at 9:00, 15:00, and 18:00. This 

analysis yields temperature values for the external and internal surfaces of the walling, allowing: (i) to 

compare the temperature difference between areas with the installed VRF model and areas of the wet 

façade, and (ii) to conduct additional validation against the values obtained from contact temperature 

sensors. 
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Table 2. Thermograms of the external and internal surfaces of the walling at 12:00. 
 

Floor Thermograms 

of the external surface 

Thermograms 

of the internal surface 

I 

 
A=49.70°С/B= 49.15°С 

 
A=33.55°С/B=34.85°С 

V 

 
A=54.85°С/B=53.10°С 

 
A=35.40°С/B=36.75°С 

IX 

 
A=60.05°С/B=57.85°С 

 
A=37.60°С/B=39.05°С 

*Index “A” indicates temperature values at a point located within the boundaries of a ventilated 

rainscreen façade (VRF), index “B” indicates a wet façade, for both the external and internal 

surfaces. 
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Table 3. Generalized thermographic analysis of the external and internal surfaces of the walling. 

 
Floor Walling 

Surface Type 

Thermogram Recording Time 

9:00 12:00 15:00 18:00 

I External A=46.15°С/ 

B=46.05°С 

A=49.70°С/ 

B= 49.15°С 

A=47.10°С/ 

B=46.70°С 

A=40.05°С/ 

B=39.00°С 

Internal A=32.05°С/ 

B=32.10°С 

A=33.55°С/ B= 

34.85°С 

A=34.85°С/ 

B=36.40°С 

A=35.20°С/ 

B=36.35°С 

V External A=54.95°С/ 

B=54.45°С 

A=54.85°С/ 

B=53.10°С 

A=52.65°С/ 

B=51.05°С 

A=44.40°С/ 

B=42.80°С 

Internal A=33.50°С/ B= 

34.10°С 

A=35.40°С/ 

B=36.75°С 

A=37.10°С/ 

B=38.50°С 

A=36.95°С/ 

B=38.30°С 

IX External A=58.15°С/ 

B=57.45°С 

A=60.05°С/ 

B=57.85°С 

A=58.55°С/ 

B=56.45°С 

A=51.15°С/ 

B=49.05°С 

Internal A=35.55°С/ 

B= 36.60°С 

A=37.60°С/ 

B=39.05°С 

A=38.85°С/ 

B=39.45°С 

A=38.80°С/ 

B=39.25°С 

*Index “A” indicates temperature values at a point located within the boundaries of a ventilated 

rainscreen façade (VRF), index “B” indicates a wet façade, for both the external and internal 

surfaces. 

 

Furthermore, in Fig. 5 and 6, to maintain the principle of reliability, the temperature values on the 

ventilated and wet surfaces of the walling, obtained using a universal sensor system, were additionally 

measured at various times during daylight hours and on different floors of the building. 

 

 
 

Fig. 5. Temperature of the internal surface of the walling with and without VRF. 



Строительные материалы и изделия/Construction Materials and Products. 2026. 9 (5) 

  
 

11 

 
 

Fig. 6. Temperature of the external surface of the walling with and without VRF. 

 

 

3.2. Daily Comparison of Internal Surface Temperatures: VRF and Wet Façade 

Across all three monitored floors and all four recording times, the internal surface temperature of 

the VRF section, confirmed by the sensors, was lower than or statistically equal to the temperature of 

the wet façade section in 11 of the 12 measured floor-time combinations (Table 3, Figure 5). The 

instantaneous decrease in internal surface temperature, 

ΔT_int. surf = T_int. surf, wet − T_int. surf, VRF, 

varyed from a minimum of 0.05°C (1st floor, 9:00, i.e., before significant solar heat load 

accumulation) to a maximum of 1.55°C (1st floor, 15:00). On average, across all 12 floor-time 

combinations, ΔT_int.surf = 1.03°C; when limiting the sample to the two hottest moments of the day 

(12:00 and 15:00), the average decrease increases to ΔT_ext.surf ≈ 1.28 °C. The daily dynamics are 

indicative: the difference is minimal in the early morning (9:00), when the wall has not yet 

accumulated a significant solar heat load and both types of façade are close to thermal equilibrium 

with the internal environment, then increases during the day as the solar heat flux through the wet 

façade accumulates, and by 18:00 it narrows again as the solar influx decreases. This pattern holds true 

for all floors, although the absolute values of the internal surface temperatures increase with floor 

height (from approximately 32-35°C on the 1
st
 floor to 36-39°C on the 9

th
 floor at the same hour), 

reflecting the combined effect of greater unshaded solar exposure and greater sky irradiance on the 

upper floors, consistent with the vertical lapse rate of solar irradiation shown in Figure 3b. 

 

3.3. The Paradox of the External-Internal Surface Relationship: Convective “Decoupling” in 

the Ventilated Interlayer 

A noticeable and, at first glance, counterintuitive feature of the obtained data is that the relationship 

observed for the internal surface is inversely related to the external surface. In 10 of the 12 floor-time 

combinations, the temperature of the external cladding of the VRF (index A) exceeded the temperature 

of the wet façade (index B) – by an average of 1.22°C and up to 2.20°C (9
th
 floor, 12:00 and 15:00). 

The external surface of the VRF reached a peak temperature of 60.05-60.10°C on the 9
th
 floor at 

midday (Table 3, Figure 6). This is physically expected: the dark, low-heat-capacity ceramic granite 

cladding in the VRF, being thermally insulated from the load-bearing wall by an air gap, heats up 
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freely under direct solar irradiation to a greater extent than the directly plastered wet façade, which 

maintains continuous conductive contact with the more thermally capacious wall behind it. 

The key result of this study is that a higher external surface temperature does not lead to a higher 

internal surface temperature, in fact, the opposite is true. This is explained by the ventilated nature of 

the air gap: since the air gap is open at the top and bottom, gravitational (and, secondarily, wind) 

convection continuously removes solar-heated air adjacent to the cladding before it has a chance to 

transfer significant heat by conduction and convection to the insulation and the load-bearing wall 

behind it. Essentially, the conductive heat path “seen” by the room-facing wall is “decoupled” from 

the peak equivalent temperature of the solar-irradiated cladding and is instead determined by the 

buffered temperature of the ventilating airflow, which is significantly lower than the temperature of 

the cladding surface itself. This mechanism is consistent with the behavior of the airflow in the 

interlayer under gravity convection and wind, described analytically and experimentally in the 

previous VRF literature [6-10, 12, 17], and is demonstrated directly for the first time, at a full-scale 

building scale and at floor-by-floor resolution, for the hot continental climate of Southern Kazakhstan, 

climatic conditions not previously represented in this literature (Section 1.2). From a practical 

perspective, this means that the external cladding temperature alone is a weak and potentially 

misleading indicator of the thermal benefit of VRF for the indoor environment, whereas the internal 

surface temperature, as directly measured in this study, represents a physically based index for 

assessing the cooling load implications. 

 

3.4. Energy Efficiency of Cooling Systems Due to a Reduction in Internal Surface 

Temperature 

To translate the measured internal surface temperature difference into an estimated gain in cooling 

energy delivery, the convective-radiant heat flux from the internal wall surface to the indoor air was 

estimated using the standard steady-state relationship 

 

q = α_в · (T_int. surf − T_room),     

 

where α_в = 8.7 W/(m²·°C) is the internal surface heat transfer coefficient, traditionally adopted in 

regional building thermal engineering regulations for vertical external walls [30, 32, 33], and T_room 

= 25°C is adopted as the typical design summer indoor air temperature (air conditioning setpoint). 

Applying this relationship to the paired T_int.surf values from Table 3 for each floor and recording 

time allowed to calculate the percentage reduction in the conductive-convective component of the 

cooling load due to the use of the VRF, (q_wet − q_VRF)/q_wet, for each of the 12 floor-time 

combinations. When limiting the assessment to typical daytime hours of the cooling load (12:00, 

15:00, and 18:00, i.e. excluding the 9:00 value, at which the wall is close to thermal equilibrium and 

the cooling load is in any case minimal), the calculated reduction ranges from approximately 3% to 

14% depending on the floor and hour, with an average of approximately 9.6%. When taking into 

account the entire day, including the 9:00 value, the average decreases to approximately 8.6%. Based 

on this, it can be expected that the conductive component of the cooling load for rooms behind the 

VRF is reduced by approximately 7-10% compared to an equivalent room behind a wet façade under 

the hot climate conditions and wall configuration considered here. 

This estimate should be considered an approximate indicator, relating solely to the conductive 

component of the walling, and not as an indicator of the building’s overall energy savings. It does not 

take into account internal heat gain, infiltration, glazing, room operating mode, and the efficiency of 

mechanical equipment, all of which also contribute to the total cooling energy delivery. However, it is 

derived directly and transparently from the field data presented in Sections 3.2-3.3, rather than from a 

separately calibrated building energy simulation model, which makes it methodologically different 

from most of the energy savings percentages reported in the literature discussed in Section 1.2 (e.g., 

[9, 17, 19]), and is offered here as a physically based, reproducible estimate suitable for a rough order-

of-magnitude design assessment, pending the more detailed dynamic modeling discussed in Section 

3.6. 
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3.5. Comparison with Previous Literature 

The magnitude of the internal surface temperature reduction observed in the present study (up to 

1.55°C, averaging around 1.0-1.3 °C during peak hours) is generally consistent with, although 

somewhat more modest, the 8-10°C interlayer temperature reduction and 30-40% cooling load 

reduction observed in comparisons of VRF and ETICS systems in Mediterranean climates with more 

favorable interlayer geometry and cladding configurations, as well as the 26% savings in summer 

recorded by Sanjuan et al. [9] for open-joint façades, and the 47-51% savings observed for naturally 

ventilated façades compared to non-ventilated façades under favorable wind conditions in other 

climate studies. This discrepancy is likely explained by the relatively narrow interlayer width (10 cm) 

used in the present VRF model (Table 1), the specific orientation (east) and absorptivity of the 

cladding of the tested structure, and the more pronounced continental character of the climate of 

Southern Kazakhstan (larger diurnal temperature difference, lower relative humidity, different wind 

regime) compared to the coastal and subcontinental Mediterranean sites prevailing in the reviewed 

literature [4, 5, 7-10, 17, 21-23]. Nevertheless, the obtained result confirms for the first time, in 

relation to these specific climatic conditions, the qualitative mechanism established in this literature, 

while simultaneously showing that quantitative gains should not be automatically transferred from 

indicators calibrated for the Mediterranean climate without in-kind local verification, which was the 

specific gap that the present study aimed to close (Sections 1.5-1.6). 

 

3.6. Limitations and Directions for Further Research 

This article is part of a larger, ongoing research program by the authors’ team devoted to the 

performance of ventilated façades in the climatic conditions of Southern Kazakhstan [35-37], and the 

results presented here should be considered in this context. In particular, the present study 

characterizes the surface temperature field of the VRF and wet façade and its influence on the cooling 

load, but does not reveal the internal thermo-aerodynamic structure of the ventilated interlayer itself: 

how the air temperature and velocity in the interlayer, as well as the heat transfer coefficient, vary with 

height along the nine-story façade and during the day, and how solar-induced heating of the air in the 

interlayer, in turn, changes the velocity of the gravity-convection flow in hot climates, remain open 

questions that the accompanying aerodynamic models reported in the literature [43] address only 

partially. These effects of thermal-aerodynamic interaction, temperature and velocity profiles in the 

interlayer with vertical resolution, their diurnal dynamics, and sensitivity to the interlayer width and 

wind exposure, will be the subject of further in-situ experimental and CFD studies by the authors. This 

paper is deliberately limited in scope to demonstrate, based on twice-validated in-situ measurements, 

the practical thermal performance of the VRF compared to a wet façade in the hot climate of Southern 

Kazakhstan; the underlying flow mechanics in the interlayer is left for this future work. Additional 

limitations include: conducting the measurement campaign for a single orientation (east) and over a 

single day, which, although representative of a hot summer day according to the regional climatology 

data of SP RK 2.04-01-2017, does not reflect interdiurnal and interseasonal variability; as well as the 

approximate nature of the cooling efficiency assessment in Section 3.4, which would benefit from 

comparison with the energy meter readings of the air conditioning system in the building in use. 

4. CONCLUSIONS 

1. A field-based, double-validated measurement campaign (contact sensors, unmanned and 

handheld thermal imaging) on a nine-story residential building in Southern Kazakhstan demonstrated 

that a ventilated rainscreen façade (VRF) provides lower internal (room-facing) surface temperatures 

compared to an adjacent traditional wet (plastered) façade on virtually all floors examined and at all 

times, with a reduction of up to 1.55°C and an average reduction of approximately 1.0-1.3°C during 

the hottest hours of the day. 

2. This advantage on the internal surface is achieved despite the fact that the VRF external 

cladding heats up to 2.2°C higher than the wet façade during peak insolation hours (up to 60.1°C on 

the ninth floor at midday). This apparent paradox is explained by convective “uncoupling” within the 

ventilated air gap, which removes solar-heated air before it can transfer heat to the load-bearing wall. 
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Therefore, the external surface temperature alone is not a reliable indicator of the VRF’s benefit to the 

internal thermal environment. 

3. Based on the measured internal surface temperature difference and the standard internal 

surface heat transfer coefficient, it was shown that the conductive component of the cooling load for 

rooms behind the VRF is approximately 7-10% lower than for an equivalent room behind a wet 

façade, under the hot climate conditions studied. This represents a physically based performance 

indicator, derived from field data, and not the result of simulation alone. 

4. The obtained results, related to the relatively little-studied hot arid/continental climate of 

Central Asia, expand the evidence base formed primarily based on Mediterranean and Western 

European studies and provide Southern Kazakhstan and comparable regions of Central Asia with 

field-confirmed, rather than transferable, recommendations for the design of VRFs for reconstruction 

and new construction. 

5. As part of a broader research program, this work is limited in scope to a comparison of 

surface temperatures and cooling efficiency; the internal thermal and aerodynamic behavior of the 

ventilated interlayer, including the dynamics of temperature and air velocity in the interlayer with 

height and time resolution and their interrelationships under solar loading in a hot climate, will be 

investigated in subsequent studies by the authors. 
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