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Abstract 
The development of radiators at this time is very rapid both in construction, material maker 
and dimensions that tend to be more efficient and effective in heat release. In the 
automotive world, developing technology about coolant that has a high ability to release 
heat and is able to survive in high temperatures. Current cooling liquid is also developed by 
having advantages compared to ordinary water which is actually equipped with anti-freeze 
so that the liquid does not freeze during winter, also equipped with anti-rust content so that 
the radiator has a longer service life. Efforts to clearly determine the radiator's ability so 
that this can help in choosing the right type of coolant in a car so that the engine does not 
overheat or the engine keeps its working temperature. The method used in this study is to 
use an experimental method. Tests are carried out on a straight 

Keyword : EFFECTIVENESS, COOLING FLUID, RADIATOR 
Topic : Chemical physics and physical chemistry 
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with variations in Time and cooling air velocity 

N Hidayat
*
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*corresponding author:  nuzulhidayat@ft.unp.ac.id 

Abstract. The heat is the result of combustion that occurs in the combustion chamber with 

very high temperatures above 800 0C. If this temperature is left, it will cause the engine to 

overheat so that it can cause damage to engine components. Current cooling liquid is also 

developed with advantages compared to normal water which is actually equipped with anti-

freeze so that the liquid does not freeze during winter, it is also equipped with anti-rust content 
so that the radiator has a longer service life. This research was conducted experimentally on a 

5K series Toyota Kijang car engine. The effectiveness of the radiator is known by measuring 

the temperature of the coolant entering the radiator, the temperature of the liquid coming out of 

the radiator, then measuring the temperature of the coolant inlet air, measuring the temperature 

of the coolant air after passing through the radiator. The results obtained that the Prestone 

brand coolant at 60 seconds with a cooling air velocity of 2.4 m / s is better in reducing the heat 

generated by this machine is proven by the effectiveness value of 0.494. 

1. Introduction 

 The cooling system is one of the most important components in an engine that serves to keep 

the circumstance of the engine to stay at a working temperature of 800C. To keep these stipulations 

requires most advantageous work from the cooling system. One vital thing of the cooling system is the 

radiator. Radiator is a device that features as a heat exchanger. This warmth is obtained from the 
combustion of an engine that is transferred via the cooling fluid to the radiator. Then the heat in the 

radiator is transferred to the surroundings via the radiator fins. 

 The improvement of radiators at this time is very rapid both in construction, cloth maker and 
dimensions that tend to be greater environment friendly and high-quality in heat release. On the other 

hand the automotive world is additionally developing science about cooling liquid which is right in 

warmth dissipation and is able to survive at excessive temperatures. Current cooling liquid is 
additionally developed by way of having benefits compared to regular water which is in reality geared 

up with anti-freeze so that the liquid does no longer freeze at some stage in winter, also geared up with 

anti-rust content so that the radiator has a longer provider life. 

 Currently, for cooling fluid in radiators, many are sold in the market with a number of types and 
a variety of compositions, including Preston, Master Premixed Green, Coolant Mega cool Radiators 

and others. Ordinary people do not get suggestions on the use of coolant which is suitable for their 

vehicles. It is vital to recognize that humans can purchase coolants according to the persona of the 
automobile. 

 In expanding the adequacy of radiators a part of work was done. [1] Conducted inquire about on 

shifting the sort of radiator and motor speed and gave the same treatment to the test examples. The 

comes about appeared that of all varieties of the cooling speed of the radiator sort that has great warm 
scattering capacity is the level tube sort with an viable esteem of 0.593 with a variety of stream speed 
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of 3.52 m / s and 120 s. It can be concluded from the inquire about that level tube sort radiators have 

way better warm dissemination than circular barrel tube sorts. At that point inquire about on radiator 

testing was carried out on Toyota Kijang 5k radiator blades with a straight tube sort level blade show 
by changing the point of assault of the tube on the radiator. With this investigate, the finest warm 

scattering prepare is at the radiator position with a tube point of 50 compared to the standard position 

[2]. 
 This investigate on the utilize of coolant was conducted [3] employing a Mitsubishi Colt L300 

Pick-up in 2003. The coolant tests utilized were water, Mitsubishi Long Life Coolant, TOP1 Super 

Coolant, and Prestone. The viability test is carried out at a steady turn of 1500 rpm and inside 5 
minutes, 10 minutes and 15 minutes. The comes about appeared that the use of coolant which features 

a higher bubbling point than the bubbling point of water includes a critical impact on the viability of 

the diesel motor radiator. The adequacy esteem of the radiator on the utilize of Mitsubishi LLC 0, 
1943 or higher 0, 0094 (5, 08%). The adequacy esteem of the radiator on the utilize of TOP1 SC 0, 

1965 or higher 0, 0116 (6, 27%). Whereas the viability of the radiator on the utilize of Prestone 0, 

2001 or higher 0, 0152 (8, 22%) compared with the viability of the radiator on the utilize of water as a 
coolant 

 Inquire about conducted [4] approximately varieties in coolant on a gasoline-powered cruiser. 

Based on perceptions, information investigation and talk, it is known that 100% of RC Control coolant 
liquids gotten the adequacy esteem of 0.512 on a standard fan. Whereas the twofold fan has a viability 

esteem of 0.539, the adequacy esteem is expanded by 2%. So it can be concluded that the more 

prominent the fan utilized, the more compelling the esteem rises. Typically due to the collision of 
increasingly angina so that warm assimilation within the radiator gets to be speedier. Though on liquid 

varieties, on a twofold fan with 100% RC Mega cools liquid is gotten 0.477. Within the 50% RC 

Control coolant + 50% RC Mega cools liquid gotten by 0.502, the viability esteem increased by 5.2%. 
Whereas within the 100% liquid RC Power coolant has a viability esteem of 0.539, the viability 

esteem expanded by 7.3%. At that point it can be concluded that the fluid with 100% RC Control 

coolant is the leading liquid esteem of its adequacy since the liquid 100% RC Control coolant includes 
a bubbling point higher than other liquid varieties since it contains ethylene glycol [5].  

 From a few of the over considers it can be concluded that the radiator capacities as a warm 

exchanger that will influence motor execution. So distant, much inquire about has centred on altering 
the separate of the radiator position, warm dissemination discuss speed, radiator water volume, coolant 

temperature and flow rate as well as changes within the geometry of the radiator blades and the shape 

of the tube where the cooling water is cooled. Subsequently, analysts attempted to conduct inquire 

about by changing comparing the straight tube radiator straight-fin radiator coolant in order to induce 
the most excellent radiator viability against the brand of coolant. 

2. Literature Study  

Heat exchange is the vitality move within the frame of warm since of the temperature angle. Normally 
the heat exchange happens within the course of a moo temperature and in case the more noteworthy 

the temperature slope, the more noteworthy the warm exchanged. Warm exchange takes place in a few 

ways. Conduction warm exchange is the method of warm exchange in which warm streams from tall 
temperature districts to moo temperature districts in a medium (strong, fluid or gas) or between 

distinctive mediums which are specifically in contact so that vitality and energy trade happens. The 

warm exchange rate that happens in conduction warm exchange is relative to the typical temperature 

slope concurring to the taking after condition. The basic equation of conduction is 

 𝒒 = −𝒌𝑨
𝛛𝐓

𝝏𝒙
  .................................................................................................................................  (1)           

 Where  

 𝑞 = heat transfer rate (kj/s or watt) 

 𝑘 = material heat conductivity (W/mK) 

 𝐴 = area of heat transfer (m2) 

 ∂T= Temperature difference (K) 

 ∂x= Distance difference (m) 
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DT/dx = temperature gradient in the direction of heat transfer 

The positive constant "k" is called the conductivity or thermal neglect of the object, while the 

minus sign is inserted to meet the second law of thermodynamics, namely that heat flows to a place 
that is lower on the temperature scale [6]. 

Convection heat transfer is heat transfer because of the movement / flow / mixing from the hot part 

to the cold part. Examples are heat loss from car radiators, cooling of a cup of coffee etc. According to 
the way of moving the flow, convection heat transfer is classified into two, namely free convection 

and forced convection. When fluid movements are caused by differences in density due to temperature 

differences, the heat transfer is called free / natural convection. If the fluid movement is caused by the 

force of force / excitation from the outside, for example with a pump or fan that moves the fluid so 

that the fluid flows over the surface, then the heat transfer is called forced convection.  

The heat transfer rate at a certain temperature difference can be calculated by the equation 

𝒒 = −𝒉𝑨(𝑻𝒘 − 𝑻∞) ................................................................................................................. (2)                              

where 

𝑞       = Heat transfer rate ( kj/s or W )  

ℎ       = Convection heat transfer coefficient ( W / m2 K )  

𝐴       = Area of heat transfer surface area (m2 )  

𝑇𝑤     = Wall temperature (k)  

 𝑇∞   = ambient temperature (K)  

 

The minus sign (-) is used to fulfill the thermodynamic II law, while the heat transferred always has 

a positive sign (+). Equation (2.2) defines heat resistance to convection. The coefficient of moving 
surface heat h, is not a substance, but it states the magnitude of the rate of heat transfer in the area 

close to that surface. 

Force convection is the heat transfer where the flow originates from outside, such as from a blower 
or faucet and pump. Forced convection in a pipe is the condition of convection displacement for 

internal flow or what is called internal flow. The flow that occurs in the pipe is a fluid that is limited 

by a surface. So that the boundary layer cannot develop freely as it does in the external flow. As an 

illustration is the phenomenon of heat transfer flow in a pipe which is stated as: 

𝑞 = 𝑚̇𝑐𝑝∆𝑇𝑏    

 
Figure 1. Forcible convection heat transfer 

 

Radiation heat transfer is the process by which heat flows from a high-temperature object to a low-

temperature object if the objects are separated in space, even if there is vacuum between the objects. 

Radiation energy is released by objects due to temperature, which is transferred through the 
intermediate space, in the form of electromagnetic waves when the radiation energy overrides a 

material, then some of the radiation is reflected, some is absorbed and some is continued. To 

determine the amount of energy is 

𝒒" = 𝜺𝝈𝑻𝒔
𝟒) .............................................................................................................................. (3)   

Where 

𝒒" = heat transfer rate (W)  

𝝈 = Boltzmann constant (5,669.10-8 W/m2.K4)  

𝜺 = emissivity (0 < 𝜺  ˂ 1) 

𝑻𝒔 = absolute temperature of an object (0C) 
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Heat Exchanger 

A heat exchanger is a device used to move heat between two or more fluids which has a temperature 

difference that is a high temperature fluid to a low temperature fluid. Heat transfer is either directly or 
indirectly. In most second systems this fluid does not experience direct contact. Direct contact of the 

heat exchanger occurs as an example of heat gas fluidized in cold liquid to increase the temperature of 

the liquid or cool the gas. 

The heat exchanger used in vehicles can be found on radiators whose function is basically as a heat 
exchanger. Radiator is a heat exchanger that is used to move heat energy from one medium to another 

which aims to cool or heat. Radiators that we know are generally used in motorized vehicles (two 

wheels or four wheels), but not infrequently the radiators are also used on engines that require extra 
cooling. As in the production machine or other machine that works in heavy or long working 

conditions. In a vehicle, either a motorbike or a car radiator is generally located in front of and located 

near the engine or at a certain position that is favorable for the cooling system. This is so that the 
engine gets maximum cooling as needed by the engine. Radiator consists of the upper water tank, 

lower tank and radiator core in the middle. Radiator heat transfer 

The function of the radiator is to release heat, so in the manufacture of radiators that have a high 

thermal conductivity, which is capable of delivering good heat such as copper and brass. The heat 
discharged by coolant can be calculated using the equation 

𝒒 = 𝒎̇𝒄𝒑∆𝑻………………………………………………………………………………………… (4)

     

𝒒 = 𝒎̇𝒄𝒑𝑻𝟐 − 𝑻𝟏 ……..…………………………………………………………………………… (5)

   

Where 

𝑞       = heat transfer rate ( kJ/det atau W )  

𝑚       = mass coolant flow rate (kg/s )  

 𝑐𝑝     = incoming heat capacity (J/kgK)    

   𝑇1    = temperature in (K)  

  𝑇2     = Temperature out (K)  

From this equation, we can analyze heat transfer in a radiator as follows [5]: 

Amount of heat released by water 

𝑞𝑎 = 𝑚̇𝑎𝑐𝑝𝑇𝑎1 − 𝑇𝑎2  ………………………………………………………………………… (6)      

  
Where 

    𝑞𝑎  = the rate of heat transfer released by water ( kJ/det atau W )  

    𝑚𝑎 = mass rate of flowing water (kg/s )  

     𝑐𝑝  = incoming heat capacity (J/kgK)    

    𝑇𝑎1 = Inlet water temperature (K)  

    𝑇𝑎2 = outlet water temperature (K)  
Whereas to calculate the flowing water mass can use the equation 

𝑚̇𝑎 = 𝜌𝑎𝑉𝑎𝐴 ….....………………………………………………….………………………… (7)

   
Where 

𝜌𝑎  = density of water (kg/m3 )  

 𝑉𝑎 = speed of incoming water (m/s) 

𝐴   = cross section area of the inlet (m2)    
Amount of heat by cooling air 

𝑞𝑢 = 𝑚̇𝑢𝑐𝑝𝑇𝑢2 − 𝑇𝑢1     …………………………………………………………………………… (8)                  

Where 

𝑞𝑢  = The heat transfer rate received by aircooler (Watt )  

𝑚̇𝑢 = mass flow rate of air flowing (kg/s )  
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     𝑐𝑝  = incoming heat capacityk (J/kgK)    

    𝑇𝑢1 = temperature of the air out (K)  

    𝑇𝑢2 = temperature of the air out (K)  

Whereas to calculate the air mass that flows can use the equation is 

𝑚̇𝑢 = 𝜌𝑢𝑉𝑢𝐴 ……………………………………………………………………………..... (9)
     

Where 

𝜌𝑢 = air density (kg/m3 )  

         𝑉𝑢  = incoming air speed (m/s) 

𝐴  = cross section of air inlet 

Effectiveness (heat transfer ability) 

  The effectiveness of a heat exchanger is defined as the ratio between the actual heat transfer 
rate and the maximum possible heat transfer rate. Where the equation can be shown as follows [6]:  

𝜀 =
𝑞

𝑞𝑚𝑎𝑥
 ………………………………………………………………………………………… (10)

    

Where 

𝒒   = Real heat transfer (W) 

𝒒𝒎𝒂𝒙= maximum heat transfer which is allow (W) 
For actual heat transfer, it can be calculated from the energy released by the hot fluid or 

energy received by the cold fluid for the opposite heat flow exchanger. 

𝑞 = 𝑚̇ℎ𝑐ℎ(𝑇ℎ,𝑖𝑛 − 𝑇ℎ,𝑜𝑢𝑡 ) = 𝑚̇𝑐𝑐𝑐(𝑇𝑐,𝑜𝑢𝑡 − 𝑇𝑐,𝑖𝑛)……………………………………………….. (11)

     

Where 

𝒎̇𝒉      = hot fluid flow rate (kg/s)  

𝒎̇𝒄      = cold fluid flow rate (kg/s)  

𝒄𝒉       = heat fluid heat capacity (Kj/kg K)  

𝒄𝒄        = cold fluid heat capacity (Kj/kg K)  

𝑻𝒉,𝒊𝒏   = Temperature of entering hot fluid (K)  

𝑻𝒉,𝒐𝒖𝒕 = Temperature out of hot fluid (K)  

𝑻𝒄,𝒊𝒏   = Temperature out of hot fluid (K)  

𝑻𝒄,𝒐𝒖𝒕 = Cold fluid exit temperature (K) 

The heat capacity of each fluid can be searched through equations: 

𝐶 = 𝑚̇ 𝑐𝑝………………………………………………………………………………………… (12)

             

Where 

𝑚̇  = fluid flow rate (kg/s)  

𝑐𝑝 = specific fluid heat (Kj/kg K) 

To determine the maximum heat transfer for the heat exchanger it must be understood that the 

maximum value will be obtained if one of the fluids changes in temperature by the maximum 

temperature difference found in the heat exchanger, namely the difference in temperature of the hot 
fluid and cold fluid. The fluid that may experience this maximum temperature difference is the 

minimum cold fluid flow rate, the energy balance requirement that the energy received by one fluid 

must equal the energy released by the other fluid. If the fluid that experiences a higher fluid flow rate 

value is made, then the temperature difference is greater than the maximum, and this is not possible. 
So the maximum possible heat transfer is stated as follows. 

𝑞𝑚𝑎𝑥 = 𝑚̇𝑐𝑚𝑖𝑛(𝑇ℎ,𝑖𝑛 − 𝑇𝑐,𝑖𝑛)…………………………………………………………………….. (13)

               

Where,  

𝑐𝑚𝑖𝑛 is the smallest heat capacity between cold fluid and hot fluid.  If  𝑐ℎ = 𝑐𝑚𝑖𝑛 the effectiveness 
value can be searched with the following equation: 
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𝜀 =
𝑚̇ℎ𝑐ℎ(𝑇ℎ,𝑖𝑛−𝑇ℎ,𝑜𝑢𝑡)

𝑚̇𝑐𝑚𝑖𝑛(𝑇ℎ,𝑖𝑛−𝑇𝑐,𝑖𝑛)
 ……………………………………….………………………….. (14)

   

𝜀 =
(𝑇ℎ,𝑖𝑛−𝑇ℎ,𝑜𝑢𝑡)

(𝑇ℎ,𝑖𝑛−𝑇𝑐,𝑖𝑛)
 …………………………………………………………………………….. (15)

    

Whereas for𝒄𝒄 = 𝒄𝒎𝒊𝒏, the effectiveness value can be found with the following equation 

𝜺 =
𝒎̇𝒄𝒄𝒄(𝑻𝒄,𝒐𝒖𝒕−𝑻𝒄,𝒊𝒏)

𝒎̇𝒄𝒎𝒊𝒏(𝑻𝒉,𝒊𝒏−𝑻𝒄,𝒊𝒏)
 ………………………………………………………………………….. (16)

             

𝜀 =
(𝑇𝑐,𝑜𝑢𝑡−𝑇𝑐,𝑖𝑛)

(𝑇ℎ,𝑖𝑛−𝑇𝑐,𝑖𝑛)
  ………………..………………………………………………….. (17) 

3. Research Methods 

 This research was conducted using experimental methods. Tests carried out on the engine stand 

of a Kijang super 5K series engine car with a straight tube type radiator flat fin type. To obtain the 

effectiveness of the radiator whose engine rotation speed (low, middle and high) and also with time 

variations, then analyzed using the effectiveness equation (ε) on the heat exchanger by measuring the 
temperature of the cooling water and cooling air. The process of installing the radiator and the whole 

series of tests was carried out at the Motor Fuel Laboratory and vehicle testing of the Department of 

Automotive Engineering, Faculty of Engineering, and State University of Padang  
Test equipment that will be used in this study include the following: 

Straight fin radiator, with specifications: 

Engine : Toyota Kijang 5K  
Fin model : straight fin 

Tube Model : flat tube 

Coolant type : water coolant 

Flow type : down flow 
Image of flat tube type radiator straight fin scheme on top view  

 

 
Figure 2. Straight fin radiator type flat tube on top view 

 As for the research apparatus experiment scheme can be seen as shown below 
 

 
Figure 3. Scheme of experimental research apparatus [7] 
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4. Results 

 After conducting research experimentally the following assessment results are obtained. Tests 

carried out on the radiator obtained data from measurements of the temperature of water entering the 
radiator, the temperature of the water exiting the radiator and the temperature of the intake air cooler 

and the temperature of the outlet of the cooling air. 

 Measurement results on the Prestone brand coolant in the variation of cooling air velocity are 
shown in table 1.  

Table 1. Low speed effectiveness values with time variations 

Velocity 

(m/s) 

Rpm of 

engine 

Times 

(s) 

T Air In 

(0C) 

T Air 

Out(0C) 

T 
Coolant 

In(0C) 

T 
Coolant 

Out(0C) 

Effectiveness 

2.04 1000 

60 31.80 48.00 64.60 55.20 0.494 

120 31.80 48.20 65.10 55.60 0.492 

180 31.80 48.40 65.80 56.10 0.488 

240 31.80 48.50 66.10 56.20 0.487 

300 31.80 48.90 67.20 56.20 0.483 

360 31.80 48.70 67.40 56.30 0.475 

 In table 1 above it can be seen that the best effectiveness value is 2.4 m / s cooling air flow 

velocity at 60 seconds with an effectiveness value of 0.494. This condition is the optimum condition of 

the effectiveness of the radiator in reducing the cooling temperature of the cooling liquid. The longer 
the operating time of the engine so that the cooling time will also be longer the radiator cooling ability 

decreases. This is evidenced by the effectiveness value on the radiator getting smaller at a maximum 

time of 360 seconds with a cooling air speed of 2.4 m / s the effectiveness value of 0.475.   
 

Table 2. Value of the effectiveness of medium speed with time variation.  

 

Velocity 
(m/s) 

Rpm of 
engine 

Times 
(s) 

T Air In 
(0C) 

T Air 
Out(0C) 

T 

Coolant 

In(0C) 

T 

Coolant 

Out(0C) 

Effectiveness 

4.54 2000 

60 31.80 48.40 71.80 51.50 0.415 

120 31.80 48.50 72.80 58.40 0.407 

180 31.80 48.50 73.70 59.00 0.399 

240 31.80 48.60 74.50 59.30 0.393 

300 31.80 48.40 74.70 59.60 0.387 

360 31.80 48.00 74.80 59.80 0.377 

 In table 2 can be seen the ability of the radiator to reduce the best temperature is on the duration 

of 60 seconds with a speed of 4.54 m / s with an effectiveness value of 0.415. Along with the duration 
of the operation of the engine, the effectiveness of the radiator decreases even though the cooling time 

is prolonged as evidenced by the cooling speed of 4.54 m / s at a cooling duration of 360 seconds. 

 
Table 3. High speed effectiveness values with time variations 

Velocity 

(m/s) 

Rpm of 

engine 

Times 

(s) 

T Air In 

(0C) 

T Air 

Out(0C) 

T 

Coolant 

In(0C) 

T 

Coolant 

Out(0C) 

Effectiveness 

7.13 3000 

60 31.80 46.90 75.00 60.00 0.350 

120 31.80 47.00 75.40 60.20 0.349 

180 31.80 47.20 75.60 60.60 0.352 

240 31.80 47.00 75.60 60.80 0.347 

300 31.80 47.00 75.70 60.90 0.346 
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360 31.80 47.00 75.80 61.00 0.345 

 In table 3 we can see that the effectiveness value on the radiator is in the position of the cooling 

air velocity with a duration of 60 seconds with an effectiveness value of 0.350. The tendency for 
effectiveness of the radiator decreases with increasing duration of cooling because it is influenced by 

the longer operation of the engine. 

 For more clearly we can see a comparison of all variations on the effectiveness of the radiator 
on graph 1.  

 
Graph 1. Comparison of the effectiveness of the radiator with variations in time and speed of the 

cooling air 
 In Graph 1 above, it can be seen that overall effectiveness tends to decrease with increasing 

cooling time and increasing cooling air speed, this is due to the fact that this test uses an engine stand, 

resulting in poor air circulation around the engine. To increase the speed of cooling air it must increase 
engine speed, with increasing engine speed, the heat production generated by the engine also increases 

as a result the effectiveness of the radiator also decreases. The best effectiveness is in the cooling air 

speed of 2.4 m / s and a cooling time of 60 seconds with an effectiveness value of 0.494. if we look at 
the cooling air velocity 7.13 m / s, it can be seen that the trend of the effectiveness of the radiator is 

constant and does not experience significant changes because the high enough air velocity is able to 

help the radiator release heat properly. 
 

5. Conclusion 

 From the above research it can be concluded that with increasing duration of operation of the 
engine can reduce the effectiveness of the radiator. Increase the speed of cooling air then the 

effectiveness of the radiator has a stable and constant tendency. 
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