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Abstract - In this study, energy, heat transfer, and fluid flow analyses were conducted for an industrial roller ironer , a system 

that has received limited attention in the scientific literature. These machines simultaneously dry and press flat textiles by 

conveying them between a rotating roller and a stationary heated chest. A high and uniform surface temperature is maintained 

via thermal oil circulation within the chest, enabling rapid moisture evaporation and fabric smoothing. This system is widely 

employed in industrial laundries for high-throughput ironing. Two operating conditions are considered, one with pre-dried 

fabric (faster ironing) and one without pre-drying (slower ironing), both requiring the same heat load. A single Conjugate Heat 

Transfer (CHT) CFD simulation was performed under this heat load to represent both scenarios. The simulations yielded the 

surface heat load and temperature distribution, revealing localized regions of low heat flux. These zones were attributed to 

complex three-dimensional flow separation occurring at the U-bends of the internal oil channels, which impair local heat 

transfer. Design modifications were proposed to mitigate these deficiencies. Overall, the analysis indicates uniform thermal 

performance across the ironing surface, with targeted areas for further improvement. 

Keywords - Heat transfer, CHT, CFD, Industrial Ironer, Thermal Oil Heated Flatwork Ironer. 

1. Introduction 

The textile industry is a fragmented and heterogeneous 

complex manufacturing industry dominated by small and 

medium-sized enterprises. The industry consists of production 

equipment that often uses old traditional technologies, thus 

leading to huge energy consumption [1]. Industrial laundries, 

which are one of the important elements of this sector, are 

establishments that industrially treat linen by cleaning it from 

a variety of sources, such as hospital sheets, hotel linens, 

restaurant towels and tablecloths, work clothes and working 

uniforms, shop towels, and textiles from beauty salons. The 

ironing process is one of the most important steps in industrial 

laundry [2]. In addition, the ironing process is also an 

important part of textile production. It stands out as the final 

step in the process of textile production. The process 

consumes a large amount of energy, and ironing has a 

structure that requires the correct selection of process 

parameters to be carried out correctly [3]. Electricity or natural 

gas energy is used to obtain the necessary energy in the ironing 

process [4]. Electrical energy is the primary energy source 

used in ironing as well as in the entire textile processing 

industry [5]. Today, the issue of reducing energy consumption 

and, therefore, carbon footprint is gaining importance day by 

day due to energy scarcity and environmental awareness, 

which has emerged in recent years. Analysis and studies 

within this framework have become very valuable for all basic 

process steps of the textile industry [6], [7], [8].  From the 

perspective of the ironing process, almost no studies have been 

done in this context. The systems considered are simple 

household irons or semi-industrial systems based on a fixed 

and moving plate, rather than industrial ironing systems [9], 

[10], [11].  

Despite the widespread use of industrial roller ironers in 

textile production and laundry operations, there is a notable 

lack of detailed thermal and fluid dynamic analysis for these 

systems in the literature. Achieving uniform heat transfer 

across the ironing surface is essential for consistent fabric 

quality and energy efficiency, yet the impact of internal flow 

structures and design parameters on thermal performance 

remains poorly understood. This study aims to fill this gap by 

performing a Conjugate Hea t Transfer (CHT) CFD analysis of 

an industrial ironing unit under representative operating 

conditions. The objective is to reveal the internal flow 

behavior and surface heat transfer characteristics, identify 

thermally underperforming regions, and propose design  

strategies to enhance system efficiency and ironing 

uniformity. 

http://www.internationaljournalssrg.org/
http://www.internationaljournalssrg.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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2. Materials and Methods 

2.1. System Description 

The industrial roller ironer investigated in this study is 

designed to simultaneously dry and press flat textiles by 

conveying them between a rotating roller and a stationary, 

heated chest (Figure 1). Uniform and elevated surface 

temperatures are achieved by circulating thermal oil within the 

chest, enabling efficient moisture evaporation and effective 

fabric smoothing. This type of system is widely employed in 

industrial laundries for high-throughput ironing operations. 

The ironing unit features a semi-cylindrical surface, internally 

heated by thermal oil that flows through embedded U-shaped 

channels. The oil enters through a centrally located supply port 

and is discharged symmetrically from outlets positioned at 

both ends. 

 
Fig. 1 The multi-stage ironing system with open (top) and closed 
(central) positions and the heated chest of the ironer (bottom) 

 

These design elements are depicted in the CFD model 

shown in Figure 2. To represent realistic thermal behavior, the 

bottom side of the unit is assumed to be well insulated to 

minimize heat loss. The CFD model accounts for the complex 

three-dimensional flow structures and associated heat transfer 

within the internal passages, which are critical to achieving 

thermal uniformity across the ironing surface. 

 
Fig. 2 The CFD model 

 

The computational domain was discretized using an 

unstructured polyhedral mesh with inflation layers near the 

solid–fluid interfaces to accurately capture thermal boundary 

layer effects. The wall function approach is employed so that 

y+ is around 40 on the fluid walls. The mesh includes the 

internal U-shaped thermal oil channels, the solid chest walls, 

and the ironing surface. A denser mesh was applied in critical 

regions such as the curved U-bends and the fabric contact 

surface to resolve complex flow sepa ration and steep thermal 

gradients. The mesh quality was assessed through the 

skewness metric, which is around 0.95 for the worst volume. 

The total mesh size is 8x10^6 volumes. 

 
Fig. 3 The computational mesh 

 

2.2. Energy Analysis 

Two operating conditions are considered for the ironing 

process. In the first scenario, pre-drying is applied, leading to 

an initial moisture content of 25%, a final moisture content of 

13%, and a fabric feed speed of 55 m/min. In the second 

scenario, no pre-drying is employed, resulting in a higher 

initial moisture content of 45%, while maintaining the same 

final moisture content of 13% and a reduced feed speed of 25 

m/min. The operating parameters for both cases are 

summarized in Table 1. 
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Table 1. The two operating conditions for the ironer 

 Initial 

moisture 

Final 

moisture 

Feed 

Speed 

With pre-

drying 

25% 13% 55m/min 

Without pre-

drying 

45% 13% 25m/min 

 

Assumptions and other knowns are given below: 

• Dry fabric mass per unit area is 0.1 kg/m² 

• Fabric is heating from 25°C to 100°C, with specific heat 

of 1.3 kJ/kg·K 

• Latent heat of vaporization (h fg) is taken as 2256.4 kJ/kg, 

corresponding to the value at 100°C under approximately 

1 atm pressure. 

• Material properties for the thermal oil and steel are taken 

as constant at the operating temperature of 200  °C and 

given in Table 2. 

• The thermal oil flow rate is 45 m3/h at 200 °C supply 

temperature. 

 
Table 2. Material properties 

 
Thermal 

Oil 
Steel 

Density (kg/m³) 868 7850 (not needed) 

Specific Heat 

(J/kg.K) 
1860 430 (not needed) 

Thermal 

Conductivity 

(W/m.K) 

0.133 23 

Dynamic 

Viscosity (Pa.s) 
6.6x10-4 - 

 
In order to calculate heat loads under two scenarios, the 

following equations are used: 

The water to be evaporated per unit area is calculated by 

Eq.(1): 

𝑚′′𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑑 = 𝑚′′𝑑𝑟𝑦 ∗ (𝑋𝑖𝑛 −𝑋𝑜𝑢𝑡)  (1) 

 

The required thermal energy for evaporation is calculated by 

Eq.(2): 

𝑞𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 = 𝑚′′𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑑 ∗ ℎ𝑓𝑔  (2) 

 

Energy for heating fabric is calculated by Eq.(3): 

𝑞𝑓𝑎𝑏𝑟𝑖𝑐 = 𝑚′′𝑑𝑟𝑦 ∗ 𝑐𝑝 ∗ ∆𝑇 (3) 

 

Total energy per unit area is calculated by Eq.(4): 

𝑞𝑡𝑜𝑡𝑎𝑙 = 𝑞𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛+𝑞𝑓𝑎𝑏𝑟𝑖𝑐 (4) 

 

Considering the time for 1 m² of fabric to pass ∆𝑡 = 1/𝑉, 

the surface heat load is finally obtained by Eq.(5): 

�̇�𝑡𝑜𝑡𝑎𝑙 = 𝑞𝑡𝑜𝑡𝑎𝑙/∆𝑡 (5) 

 

The calculations performed using Equations (1)–(5) yield 

the results in Table 3. Although the total energy requirements 

differ between the two cases, the variation in feed speed 

results in comparable energy rates (power requirements), both 

approximately 34 kW/m². 

Table 3. Heat load calculation results 

 
With pre-

drying 

Without pre-

drying 

Energy for 

evaporation (kJ/m²) 
27.08 72.20 

Energy for heating 

fabric (kJ/m²) 
9.75 9.75 

Total energy (kJ/m²) 36.83 81.95 

Heat load (kW/m²) 33.76 34.18 

 
3. Results and Discussion 

The CFD results depicted in Figure 4 indicate a non-

uniform heat flux distribution across the ironing surface with  

an average value of 34 kW/m2 for a surface temperature of 

157 °C. Since these are in line with the actual 160  °C observed 

during operation, CFD analyses are assessed as valid. While 

large portions of the surface exhibit elevated heat flux values 

in the 45–55 kW/m² range, several localized regions show 

significant reductions, with values dropping to as low as 10–

25 kW/m². These low-flux zones are observed predominantly 

along the sides, notably in the spaces between adjacent 

internal heating channels. The reduced heat flux in these inter-

channel regions is attributed to less effective convective heat 

transfer due to diminished thermal oil flow coverage. 

Additionally, recirculation and flow separation effects, 

particularly in the U-bend sections of the oil circuit, further 

impair heat transfer in certain areas. 

 
Fig. 4 Heat flux distribution on the ironing surface 

Figure 5 illustrates the internal flow behavior of thermal 
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oil through the U-shaped heating channels of the ironing unit, 

providing insight into the root causes of these non-

uniformities observed in Figure 4. Pathlines are colored 

according to local oil temperature, revealing the temperature 

distribution and mixing characteristics throughout the flow 

domain. The oil enters from the centrally located supply port 

at elevated temperature (200 °C), then splits into two 

branches, flowing almost symmetrically toward both ends of 

the system and discharging at a  temperature of 190 °C. 

The central channel maintains high temperatures with  

strong convection (see Figure 4). However, in the peripheral 

regions, particularly within the U-bends at both ends, 

recirculation zones and flow separation are observed. These 

features result in extended residence times and increased 

thermal losses.  

Such regions contribute to the reduced heat flux observed 

on the corresponding areas of the ironing surface (Figure 4).

 
Fig. 5 Flow pathlines of the thermal oil within the ironing chest, colored by oil temperature  

 

The distribution of wall shear stress across the channel 

walls, illustrated in Figure 6, provides insights into the local 

fluid friction experienced by the surface. As seen in the figure, 

the highest shear stresses occur predominantly in the central 

straight channel sections, where the flow is well-developed  

and aligned with the main axis of the channel. These regions 

experience strong axial flow, resulting in sustained shear and 

heat transfer at the wall. 

In contrast, low-shear zones are evident near the U-bends, 

especially around inlet and outlet junctions, and at the curved 

return corners, where flow recirculation and separation are 

likely present. These regions are characterized by irregula r 

flow patterns and reduced wall-parallel velocity components, 

leading to diminished wall shear stress. 

The non-uniform distribution of shear stress suggests that 

while most of the heat transfer is supported by the strong 

shear-driven convection in the straight sections, the U-bend 

regions may become thermally underperforming due to lower 

fluid friction and poorer local heat transfer. 

Figure 7 illustrates the corresponding pressure field of the 

circulating thermal oil within the internal channel network. 

The oil is supplied at the central inlet, and the pressure 

gradually decreases along the flow path toward the discharge 

ports on both ends. This pressure gradient is responsible for 

driving the oil through the U-shaped channels embedded in the 

chest wall. A relatively symmetric pressure drop is observed 

across the upper and lower branches of the system, although 

minor asymmetries arise due to geometric features and 

secondary flows. 

 
Fig. 6 Wall shear stress distribution along the inner surfaces of the U-

shaped heating channels 

 

 
Fig. 7 Pressure distribution on the inner channel walls of the ironing 

chest 

4. Conclusion 

In this study, a numerical investigation was carried out on 
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an industrial thermal oil-heated roller ironer widely used in 

textile manufacturing and laundry applications. By integrating 

energy balance calculations with Conjugate Heat Transfer 

(CHT) CFD simulations, the thermal performance and internal 

flow characteristics of the system were evaluated under two 

representative operating conditions. Although the total energy 

requirements varied due to differences in fabric moisture 

content and feed speed, the resulting surface heat loads were 

found to be comparable, both approximately 34 kW/m². 

The CFD results indicated that while the ironing surface 

generally achieves high and uniform heat flux, localized 

regions with reduced thermal performance persist, particularly 

along the side boundaries and between adjacent internal 

channels. Flow pathline visualizations and wall shear stress 

distributions revealed that these thermal inefficiencies are 

primarily driven by complex three-dimensional effects, 

including recirculation and flow separation near the U-bends 

and junctions of the internal oil channels. 

Based on the insights gained, several design 

improvements are proposed to enhance thermal uniformity 

and overall system efficiency. These include the integration of 

flow-guiding vanes to mitigate recirculation zones, cross-

sectional adjustments or equaliza tion features to improve flow 

distribution in inter-channel regions, and geometric 

modifications to increase flow penetration into peripheral 

channels. Furthermore, replacing the single central oil supply 

with a multi-port distribution system could help minimize 

axial gradients in temperature and pressure, thereby 

improving thermal uniformity. Collectively, these 

recommendations aim to improve surface heat flux 

homogeneity, ironing performance, and energy efficiency, 

without compromising the fundamental operational principles 

of the existing design. 
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