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MULTIPLE BED REGENERATIVE ADSORPTION CYCLE USING THE MONOLITHIC CARBON – AMMONIA PAIR Dr. R.E. Critoph University of Warwick, School of Engineering, Coventry CV4 7AL, UK



ABSTRACT A refrigeration / heat-pump system based on a number of simple tubular adsorption modules is described. A single module is comprised of a generator and a receiver/condenser/evaporator. A single generator consisting of a 12.7 mm stainless steel tube lined with 2.6 mm of monolithic active carbon has been manufactured. A complete module has been tested in a simple rig, which subjects it to alternating hot and cold airstreams, desorbing and adsorbing ammonia. A complete system, consisting of 32 modules has been modelled in detail and its predicted performance is presented. Key parameters have been varied and their effect on the performance discussed.



RÉSUMÉ Un système thermique réfrigérateur/pompe à chaleur basé sur un certain nombre de simples modules tubulaires à adsorption est décrit. Un simple module comprend un générateur et un récipient/condenseur/évaporateur. Un générateur, constitué d'un tube en acier inoxydable (diamètre extérieur 12.7 mm) à parois interne recouverte d' une couche de carbone actif monolithique d'environ 2.6 mm d'épaisseur, est fabriqué. Un module complet a été testé sur un simple banc d'essais qui génère alternativement des courants d'air chaud et froid pour désorber et adsorber l'ammoniac respectivement. Un système complet comprenant 32 modules a été modélisé et les prédictions de ces performances sont présentées dans cet article. Une étude des paramétres dudit modèle permet de mettre en évidence l'influence de ses derniers sur les performances du système.



KEYWORDS Simulation, adsorption, carbon, ammonia, heat pump, refrigeration, regenerative 1. INTRODUCTION It is well known that the major challenges for adsorption cycles are: • To improve heat transfer in adsorbate beds, thereby reducing size and cost. • To improve regenerative heat transfer between beds, thereby increasing COP. Current progress is reviewed by Meunier [1]. Bed conductivities have been improved from 0.1 W m-1 K-1 [2,3] to 0.4 W m-1 K-1 for monolithic carbons [4] and 5 W m-1 K-1 for graphite composites [5]. Cooling and heating COP and the SCP of a range of sorption machines are given in [6]. It is not possible to generalise about them, since many different applications were studied, but it is probably true to say that in air conditioning applications adsorption machines need to be improved if they are to compete with multiple-effect Lithium Bromide absorption systems. The ideas presented below aim at both improving the efficiency and reducing the cost of adsorption refrigeration and heat pumping. They are the subject of a patent [7].



2. CONCEPT In order to achieve good regeneration between adsorption and desorption it is necessary to either employ some form of thermal wave [8,9] or many beds [10]. This study examines the possibility of using many simple modular beds in an arrangement that allows effective heat transfer [email protected]



between them. A single module is shown schematically in Figure 1. It is a tube having a sorption generator at one end and a combined evaporator and condenser at the other. The first such module that we have made has a stainless steel tube 12.7 mm in diameter and 500 mm long containing the generator. It is lined with a 3 mm layer of monolithic carbon provided by Sutcliffe Carbons Ltd. The carbon shape is formed within the tube and so the heat transfer between steel and carbon is very high. The other end of the module is a receiver for the liquid adsorbate; ammonia in our work. The optional wire gauze acts as a wick to keep the liquid in contact with the wall. The adiabatic section separates the generator and receiver, reducing longitudinal conduction between them. In the current design with 0.25 mm wall thickness tube, a 20mm ‘adiabatic’ length reduces mean longitudinal conduction to less than 1W. This could be further reduced if necessary. Heat may be transferred to or from the generator and receiver by passing air or any other fluid across them. In the case of air, fins can enhance the heat transfer. In desorption, the generator is heated and desorbed refrigerant condenses in the receiver, which is cooled. In adsorption the generator is cooled and heat is provided to boil the refrigerant in the receiver. The whole module is the very simplest type of adsorption refrigerator or heat pump. It is possible to combine many such modules in an assembly that allows regenerative heating between them. Figures 2 and 3 show one possible way of doing this in 109



schematic form. In this example the machine is an air-toair heat pump or air conditioner. 16 modules are shown, arranged in a cylindrical shell. All rotate about the central axis (X in Figure 2) typically completing one revolution in ten minutes. Air is blown over the tubes, counterflow to their direction of motion and exchanging heat with them. Seals prevent the air from travelling directly between the adsorbing and desorbing zones but allow the tubes to pass through when necessary. Consider the path of a single tube beginning at position 1 in Figure 3. The carbon is at its coldest, perhaps 50ºC and has maximum concentration. As it moves clockwise through the annular duct it is heated by air flowing in the opposite direction. If the 'thermal mass flow rate' of the generator is approximately the same as that of the air, then the desorption section acts like a counterflow heat exchanger with capacity ratio close to unity. In reality, the effective specific heat of the carbon varies during a cycle but it is still possible to balance the flow rates quite well. The result is that by the time the module reaches the end of the desorption section it is perhaps at 200ºC. Whilst the carbon is heated it desorbs ammonia which condenses in the receiver section of the module. In an air conditioning application, a stream of ambient temperature air cools the receiver section. A similar process occurs in the adsorbing section, but with evaporation occurring in the receiver, which cools the airstream passing over it. In the course of cooling down, the generator tubes heat the stream of ambient air induced at position 2. This preheated air is removed from the annular duct at position 3 and heated by an external high grade heat source before being re-introduced to the duct at position 4. The greater the number of modules, the better the approximation to a continuous process with counterflow regeneration of heat. The advantages of the system are the absence of refrigerant valves and complex or expensive heat exchangers. Potential problems might include the sealing mechanism to direct the air flows and possible degradation of the carbon due to thermal shock.



3. INITIAL EXPERIMENTATION Previous experience with monolithic carbon [11] suggested that monolithic carbon should be proof against the thermal cycling and could be made to adhere strongly to the tube wall. A manufacturing technique was devised and a 500 mm length of 12.7 mm outside diameter 0.9 mm wall thickness stainless steel tube was lined with 3 mm of active carbon, as shown in Figure 4. A simple test rig was built which subjected the generator to alternating flows of hot (150ºC) and ambient air whist the receiver was kept in a flow of ambient air. An optional glass receiver allowed observation of the quantity of liquid ammonia building up or boiling. Repeated heating and cooling for tens of cycles showed no tendency for the carbon to break up and drop into the receiver. This was encouraging, but obviously in a real system there will be [email protected]



many thousands of cycles and further testing is necessary.



4. SIMULATION MODEL A simulation model has been written in Matlabä which is described fully in [12]. The example presented is one that gives reasonable performance but is not optimised in many respects. There are many design parameters and many different functions (COP, SCP, economics etc.) that may be optimised and so the concept of a single optimum design is not necessarily useful. The key design parameters and operating conditions chosen are in Table 1. After four revolutions the COP in cooling is 0.60 and the COP in heating is 1.53 rather than 1 + Cooling COP. The disparity is due to the fact that conditions at the start of the final revolution are not precisely those at the end. The major performance indicators are given in Table 2. The behaviour of the system is shown in Figure 5, which shows the mean carbon temperature of 4 of the 32 modules (Nos. 1,9,17,25) with time over four complete cycles of 864 s. It shows how the starting transients develop and then damp towards regular cyclic behaviour. The transient form is a result of the constant heater outlet temperature – a constant power heater would produce a different transient. Figures 6 shows the heat input or output of an individual module during the final revolution of 864 s. It is close to 1000 W kg-1 for most of the cycle.



5. KEY PARAMETERS AND THEIR EFFECT ON PERFORMANCE There are over one hundred parameters input to the simulation but the effect of five major ones are illustrated here: Thermal capacity ratio, number of modules, temperature of air leaving the heater, generator heat transfer coefficient and the evaporator inlet temperature. The results are shown in Table 3. The capacity ratio effect is illustrated by varying the generator air duct velocity. In the base case it is 1.0 m s-1 and alternative cases at 1.1 and 0.9 m s-1 have been simulated. The reduced COP of both cases is shown in Table 3. Similar effects are observed if the rotational speed of the modules is varied. The variation in COP and SCP with the heater exit temperature is shown in Figure 7. It is noticeable that the COP is comparatively insensitive to heater temperature in the range chosen, although it does have a peak at around 175ºC. At higher temperatures, although a little more ammonia can be desorbed, not all of the sensible heat load can be regenerated and COP drops. However, the cooling power rises with increasing heater temperature in a linear fashion. The minimum mean concentration for a heater temperature of 250ºC is 3% 110



whereas for 150ºC it is 10%. The variation of performance with heat transfer coefficient over the generator fins is evident from Table 3. At high values of h generator the effectiveness of a single tube fin is so close to unity that further gains are minor. In reality h generator is a function of the air speed but is treated as an independent variable here in order to separate the effects on heat transfer and thermal capacity. The evaporating and condensing temperatures are determined by the air inlet temperatures to the separate evaporators and condensers. The variation is illustrated in Table 3; COP varies linearly from 0.52 to 0.69 as the inlet temperature to the evaporator increases from 10ºC to 20ºC. The variation in COP and SCP with the number of tube modules is non-linear over the range chosen. In the limit of one tube there is no regeneration and for an infinite number of tubes there will be maximum regeneration. Assuming the ‘mass flow rate’ of modules to be constant the SCP will decrease with an increasing number of tubes. Figure 8 shows the variation for 24 to 64 tubes. The improvement in COP at high module numbers is due mainly to the improved regeneration, but also to the reduced temperature lift resulting from the reduced evaporator and condenser load.



6. IMPROVED DESIGN The simulation model has been modified to include fin efficiency, sensible heats of ammonia, the effect of dead volume etc. It has been used to find a good combination of fin size and pitch, air flow rate.and index time. The results are shown in Figure 9. . It can be seen that COP’s of 0.85 with a cooling power of 400 W are feasible. A photograph of a module design based on this analysis is shown in Figure 10. Aluminium fins 0.1 mm thick are put on pairs of module tubes 12.7 mm outside diameter and 0.25 mm thick. The method used to divert the air flows is to use two radially sliding vanes that can move between the modules at positions 1,2 and 3,4 in Figure 2. The vanes can be withdrawn briefly whilst the complete module assembly is indexed from one position to the next. This is convenient in a laboratory rig but a production version would need a more sophisticated mechanism that allowed the modules to move continuously.



7. CONCLUSIONS AND FUTURE WORK A new continuous adsorption refrigeration system has been described which uses a number of simple tubular modules. A single module has been made and tested and a programme written to simulate many modules in a real system. The design has not yet been optimised but a parametric study has revealed the way in which key parameters affect COP and SCP. A 32 module system is under construction. [email protected]
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10. NOMENCLATURE



Tev mean



COP h generator



Tev out



SCP T Tads out Tcon mean



Coefficient of performance (-) Heat transfer coefficient of generator tube/fin (W m-2K-1) Specific Cooling Power (W kg-1 adsorbent) Temperature (K) Mean temperature of air leaving adsorption section over complete cycle (ºC) Mean condensing temperature over complete cycle (ºC)



Tsat



Mean temperature of air leaving condensing section over complete cycle (ºC) Mean temperature of air leaving desorption section over complete cycle (ºC) Mean evaporating temperature over complete cycle (ºC) Mean temperature of air leaving evaporating section over complete cycle (ºC) Saturation temperature (K)



Figure 1: Sorption Module



Figure 2: Schematic air to air heat pump / chiller [email protected]



112



Figure 3: Section through the generators.



Figure 4: Generator Section 200 180
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Figure 5: Module temperatures v. time [email protected]
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Figure 6: Specific heat input v. time



100 250



Heater temperature (ºC)



Figure 7: Performance v. Heater Temperature
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Figure 8: Performance v. Number of modules



Figure 9. Improved design options



Figure 10. Double module [email protected]
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Table 1: Design and operating parameters of base case example Parameter Number of modules in desorption zone Number of modules in adsorption zone Number of receivers adiabatic during desorption Number of receivers adiabatic during adsorption Generator length Generator diameter Generator finning Generator duct air velocity Air heater outlet temperature Generator air inlet temperature Condenser air inlet temperature Evaporator air inlet temperature Time for one complete revolution or cycle



Value 16 16 3 3 1m 12.7 mm Aluminium, 3 mm pitch, 25.4 mm square. 1.0 m s-1 200°C 30°C 30°C 15°C 864 s



Table 2: Base case performance indicators Performance Indicator COP cooling COP heating Cooling power SCP Mean temperature of air entering heater Mean temperature of air leaving desorption zone Mean condensing temperature Mean evaporating temperature



Value 0.60 1.52 291 W 142 W kg-1 170 °C 51 °C 38 °C 8.9 °C



Table 3: Parametric study results Parameter Air speed (m s-1)



Base Case Value 1.0



Heater temp. (ºC)



200



h generator



120



Evaporator air in (ºC) Number of modules



15 32



Base Case
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New Value



COP (cooling)



SCP (W kg-1)



Tads out (ºC)



Tdes out (ºC)



Tev out (ºC)



Tcon out (ºC)



Tev mean (ºC)



mean



1.1 0.9 250 225 175 150 60 180 20 10 24 40 50 64



0.56 0.57 0.54 0.58 0.61 0.60 0.54 0.61 0.69 0.52 0.44 0.71 0.82 0.91 0.60



176 110 175 160 121 101 139 142 159 127 158 125 107 89 142



164 173 209 190 150 129 167 171 171 169 166 173 174 176 170



59 48 60 55 48 45 55 50 50 52 56 48 45 43 51



9.7 10.8 9.8 9.8 10.7 11.5 10.5 10.4 15.2 5.6 9.5 11.1 11.8 12.3 10.4



36.4 36.1 37.3 36.6 35.8 34.7 36.0 36.3 36.9 35.7 36.9 35.7 35.0 34.1 36.2



8.0 9.2 8.0 8.1 9.3 10.2 9.0 8.8 13.7 4.1 7.4 9.9 10.8 12.3 8.9



(ºC) 38.5 38.1 39.4 38.3 37.6 36.2 37.8 38.1 38.8 37.3 39.0 37.2 36.4 34.2 38.1



Tcon



116



























des documents recommandant







[image: alt]





EURORDIS Template email for Patient Organisations 

EURORDIS, la fÃ©dÃ©ration europÃ©enne pour les maladies rares, lance un projet intitulÃ© Rare Barometer. Voices. GrÃ¢ce Ã  cette initiative, la voix des patients ...










 


[image: alt]





EURORDIS Template email for Patient Organisations to share with ... 

Objet : S'inscrire pour rejoindre Rare Barometer Voices. EURORDIS, la fÃ©dÃ©ration europÃ©enne pour les maladies rares, lance un projet intitulÃ© Rare Barometer.










 


[image: alt]





Email type ambassadrice - CelluBlue 

Partager son expÃ©rience (snap/insta stories) avec la communautÃ© @cellublue. 8. ÃŠtre motivÃ©e et fiÃ¨re de son parcours. 9. Remplir toutes les conditions de ...










 


[image: alt]





Email type ambassadrice - CelluBlue 

Partager son expÃ©rience (snap/insta stories) avec la communautÃ© @cellublue. 8. ÃŠtre motivÃ©e et fiÃ¨re de son parcours. 9. Remplir toutes les conditions de ...










 


[image: alt]





email/catalogue/pdf/Avocat 












 


[image: alt]





exercice 9 cadeau email 












 


[image: alt]





WL Business Email - Worldline 

Certifications ISO 9001 et 27001. â€¢ Politique de sÃ©curitÃ© forte issue de notre expertise bancaire. â€¢ ContrÃ´le des coÃ»ts. 20 ans d'expertise dans l'hÃ©bergement.










 


[image: alt]





marketing email statistiques 












 


[image: alt]





email/catalogue/pdf/Notaire 












 


[image: alt]





Johnson White Email conversation27.11.14 












 


[image: alt]





KEY PHRASES FOR EMAIL 

is a book from the series Effective Communication ... Usual business ... Please could you enroll John Greene in the Total Immersion English Course ref. nÂ° 326/ ...










 


[image: alt]





email archiving advantages fr 












 


[image: alt]





Leaked climate change email 

Feb 3, 2010 - Leaked climate change emails scientist. 'hid' data flaws. Exclusive: Key study by East Anglia professor Phil Jones was based on suspect ...










 


[image: alt]





Adresse email : [email protected] 

MENTIONS LÃ‰GALES. Informations d'ordre gÃ©nÃ©ral. Directeur de publication : M. David DENIS. Le prÃ©sent Site accessible Ã  l'adresse www.pro.pleaseapp.com ...










 


[image: alt]





email/catalogue/pdf/General 












 


[image: alt]





carnet dadresses adresse telephone email 

carnet dadresses adresse telephone email anniversaire site web log in mot de ... SITE WEB LOG IN MOT DE PASSE COLLECTION ESPACE, click this link to.










 


[image: alt]





carnet dadresses adresse telephone email 

Read and Save Ebook carnet dadresses adresse telephone email anniversaire site web log in mot de passe collection espace as PDF for free at Online Ebook ...










 


[image: alt]





Sportplane Builder - Matronics Email Lists 

larger the dash number the larger hole is in the ... The material to use is thin (.015") ... With these five pieces of material and equipment at hand, you are ready to start manufacturing your own custom .... Transport Canada Building, Place de.










 


[image: alt]





Kitplanes Template 

both engines reset after a low-voltage condition, causing a dual engine failure. The airplane in question had a dead bat- tery when the pilot attempted to start.










 


[image: alt]





new template 

1 juil. 2018 - Toujours Actuel. Surveiller. VIDÃ‰O DE FORMATION. EN LIGNE COMPRISE. VidÃ©o De Formation En. Ligne Comprise. Trousse D'urgence Pour ...










 


[image: alt]





Rules Template 

22 mai 2019 - Il y a 1 Grand Prix Ã  gagner qui consiste en sweat Ã  capuche, d'une ... de l'Est) ou vers le Mai 27 2019 Ã  MontrÃ©al, un tirage au sort, parmi.










 


[image: alt]





Kitplanes Template 

the original drawing from 1999 for a com antenna that is made from $2 in parts, yet performs as well as .... 1-800-622-1065, pO box 8535, big sandy tX 75755.










 


[image: alt]





Kitplanes Template 

www.kitplanes.com & www.facebook.com/kitplanes. The MATCO MC-4 master cylinder is nearly ubiquitous in the Experimental world. Almost everyone activates ...










 


[image: alt]





Rules Template 

31 oct. 2018 - numéro de téléphone (incluant l'indicatif régional) et en répondant à ... des entrées ordonnées venant d'un même ordinateur/adresse IP dans ...










 














×
Report Email Template





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



