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Abstract 

Condensation is an omnipresent phenomenon that depends on several variables, from 

the degree of subcooling to the relative moisture of the condensing setting. Therefore, 

characterizing condensation in experimental set-ups needs a correct working 

parameter control approach. Although industrial vapor chambers are accessible in 

exactly monitored settings for condensation experiments, these setups are 

prohibitively costly. We have created a low-cost prototype vapor chamber with state-

of - the-art control systems. For testing condensation on wettability engineered 

surfaces, environmental control aspects of a Styrofoammade condensation chamber 

are created in-house. 
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1. Introduction 

 

Condensation is not only an omnipresent phenomenon in nature, it also plays a 

significant role in a broad spectrum of industrial applications including electricity 

generation, water desalination, industrial procedures, heating ventilation and air 

conditioning (HVAC)[1]. An elevated condensation heat transfer coefficient is 

required in most of these apps to enhance energy efficiency[2]. Typically it has 

been seen that condensation is highly dependent on physicochemical 

characteristics of condenser surface, and the thermophysical and conditions of the 

condensing medium. Primarily there are two modes of condensation heat transfer, 

dropwise condensation (DWC)[3], which predominantly occurs on hydrophobic 

surfaces, and filmwise condensation (FWC), which occurs on hydrophilic surface. 

While the literature on influence of condenser surface wettability on DWC and 

FWC in pure steam has been extensively studied over several decades, the 

literature is still replete with controversial results when it comes to the study of 
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DWC in presence of 

humidity environment chambers (EC) equipped with accurate control mechanis

are needed to characterize such condensation processes on new surfaces. Most of 

these research have been using complicated off 

Control algorithm Proportional

environmental circumstan

 

 

2. Method 

 

The cold side of the TEC

(4u4u0.39 cm3) is connected to a copper block (Dimension 

heat paste (Omegatherm 201, Omega) in the suggested experimental configuration 

for characterizing condensation

the inside of a 31u35u22 cm3 inner

wall thickness. The copper blocks ' four side faces are insulated with dual

Teflon tapes.In order to maintain the cold side of the copper block at 

isothermal condition (thus ensuring on

through the block), the heat generated by the hot side of the TEG is continuously 

removed by an aluminum heat sink of and a brushless DC (BLDC) fan

same thermal paste als

element and the heat sink

DWC in presence of noncondensable gases (NCG)[4].Controlled temperature and 

humidity environment chambers (EC) equipped with accurate control mechanis

are needed to characterize such condensation processes on new surfaces. Most of 

these research have been using complicated off - the-shelf, proprietary ECs. 

Control algorithm Proportional-Integral-Derivative (PID) to control the 

environmental circumstances[5]. 

The cold side of the TEC-12706 (Make – Hebei I.T co. ltd) Peltier component 

(4u4u0.39 cm3) is connected to a copper block (Dimension – 6u6u5 cm3) using a 

heat paste (Omegatherm 201, Omega) in the suggested experimental configuration 

characterizing condensation[6].The copper block's reverse face is subjected to 

the inside of a 31u35u22 cm3 inner-dimensional styrofoam chamber and 6 cm 

wall thickness. The copper blocks ' four side faces are insulated with dual

Teflon tapes.In order to maintain the cold side of the copper block at 

isothermal condition (thus ensuring one dimensional steady heat conduction 

through the block), the heat generated by the hot side of the TEG is continuously 

removed by an aluminum heat sink of and a brushless DC (BLDC) fan

same thermal paste also establishes the thermal contact between the Peltier 

element and the heat sink[8]. The arrangement (see Fig 1) is such that the 

.Controlled temperature and 

humidity environment chambers (EC) equipped with accurate control mechanisms 

are needed to characterize such condensation processes on new surfaces. Most of 

shelf, proprietary ECs. 

Derivative (PID) to control the 

 

Hebei I.T co. ltd) Peltier component 

6u6u5 cm3) using a 

heat paste (Omegatherm 201, Omega) in the suggested experimental configuration 

reverse face is subjected to 

dimensional styrofoam chamber and 6 cm 

wall thickness. The copper blocks ' four side faces are insulated with dual-sided 

Teflon tapes.In order to maintain the cold side of the copper block at a nearly 

dimensional steady heat conduction 

through the block), the heat generated by the hot side of the TEG is continuously 

removed by an aluminum heat sink of and a brushless DC (BLDC) fan[7]. The 

o establishes the thermal contact between the Peltier 

. The arrangement (see Fig 1) is such that the 
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reservoir is exposed to the atmosphere while the TEG is positioned inside the EC's 

dense wall.An aluminum substrate (Dimension-6.5u6.5 cm2) of known wettability 

is mounted (using thermal paste) on the inner face of the copper block, which 

experiences a drop in temperature as the Peltier element is powered. When surface 

temperature on the test plate drops below the dew point temperature 

corresponding to the environment inside the EC, condensation of water vapor 

begins on the test plate. For optical imaging of the test plate, a fiber-glass window 

is installed on the EC's opposite (to the test plate) wall. Also given for Schlieren's 

imaging purpose are two windows in Line of Sight (LOS) grazing over the 

condenser surface.In order to emulate distinct relative humidity (RH), an 

effervescent atomizer-based nebulizer (Model NE C25S) and a mixing fan 

arrangement are used to supply the necessary quantity of deionized water within 

the EC. A K-type thermocouple (Make-Omega) is used for plate temperature 

measurement, while the SHT35D (Make-Sensirion) sensor module offers ambient 

temperature and RH information.  

 

 

Result and conclusion 

 

A easy yet precise control system has been introduced without a PID algorithm to 

design a low-cost controlled humidity environment chamber, tailored to conduct 

condensation experiments at user-defined surface temperature and humidity 

setpoints. The chamber humidity, chamber temperature and condenser surface 

temperature were obtained by an Arduino Serial Monitor. Depending on the 

setting, the precision and stability of the experimental configuration to 

characterize condensation.The time response plots indicate that the temperature 

fluctuations on the wettability engineered surface are within 0.25q C and the RH 

fluctuations are within 0.5 percent of the setpoint, which is adequate for 

experimental accuracy in the presence of non-condensable gasses. 
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